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Preface

Over 200 years ago, Benjamin Franklin wrote: “There are few things
which are appreciated more in their absence and less in their pres-
ence than health. When we have it, we take it for granted, giving
little care to its preservation. When we do not have it, there is
precious little we would not do to get it back.”

The average life expectancy in the industrialized nations has increased
greatly since the beginning of the 20th century, primarily due to
improvements in sanitation and the accompanying reduction of com-
municable bacterial and parasitic diseases, as well as immunization
against various viral infections. The discovery of penicillin and other
antibiotics during the mid-1900s also significantly added to the life
expectancy. Thus, the average life expectancy in the United States
increased from about 47 years in 1900 to 77 years in 2000 (slightly
higher in Japan and some European countries).

With this increasing life expectancy, the impending “elder boom” as
the post-World War II “baby boomers” approach retirement, as well
as the dramatic negative changes in lifestyle over the past 50 years,
we face highly challenging medical and financial crises unless we
make significant changes in the way we live. For example, the inci-
dence of obesity has more than doubled over the past four to five
decades. As a result, there has been a corresponding increase in
obesity-associated diseases and disorders (e.g. accelerated aging,
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type 2 diabetes, coronary heart disease, cerebrovascular disease,
hypertension and various cancers). Not only have our diets become
less nutritious, but we have become less physically active due to
changes in the workplace and increased use of computers and televi-
sion watching, as well as the numerous modern household electronic
conveniences. There has also been a significant reduction in physical
education in the public schools. Furthermore, lifestyle factors includ-
ing smoking, substance abuse and excess alcohol intake, as well as
various potentially harmful workplace and environmental factors (e.g.
heavy metals, organic solvents, sun radiation, pesticides, ozone, etc.)
are also associated with increased morbidity and mortality, as well as
medical costs.

Physicians have always been trained to diagnose and treat disease
and physical and psychiatric disorders. Thus, our healthcare sys-
tem is a treatment-oriented system, as physicians and other
healthcare providers too often encounter people only when they are
sick or have signs and/or symptoms of a disease. Yet, at least 65%
of the major causes of disease and death are lifestyle-related.
Unfortunately, managed care programs too infrequently allow
adequate professional counseling time for improved nutrition, weight
control, increased physical activity, and the serious problems of
smoking, alcohol and drug abuse, and other potential problems.
Yet, this would not only increase the life expectancy and quality of
life, but it would save billions of healthcare dollars each year.

Can there be any doubt that disease and disability prevention are
far better than disease or disability treatment? There is truly a
“Crisis Call for New Preventive Medicine.” Hopefully, physicians
and other healthcare providers, managed care executives, public
school teachers, and federal and local government officials will
become more active in educating the general public on the impor-
tance of “wellness,” disease prevention, and the promotion of
health. Indeed, there are pearls in the words of Thomas Edison:
“The doctor of the future will give no medicine, but will interest
his patient in the care of the human frame, in diet, and in the
prevention of disease.”
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In this book I have attempted to present information from significant
and relevent peer-reviewed studies showing that a healthy lifestyle
can significantly decrease the risk of numerous diseases and
disorders. Moreover, the life expectancy and the quality of life will
be significantly increased while the burdensome healthcare costs
will decrease.
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1
Life Expectancy, Disease
Prevention and Wellness
Assessment

Introduction

It is truly amazing that over 200 years ago Benjamin Franklin wrote,
“There are few things which are appreciated more in their absence and
less in their presence than health. When we have it, we take it for granted,
giving little care to its preservation. When we do not have it, there is
precious little we would not do to get it back.”1 Unfortunately, many of
us still take our good health for granted until we are diagnosed with a
serious disease that might have been prevented. We stop smoking,
begin to exercise, lose weight, improve our diet, or give up alcohol/
drugs after we have had a heart attack or diagnosed with cirrhosis,
diabetes mellitus, hypertension, cancer or some other serious disease/
disorder. Unfortunately these diseases are not reversible; we have them
for life. They decrease both our life expectancy and the quality of life.
Unless we, as a nation, change our lifestyles and stress the importance
of wellness, health promotion and disease prevention, there will be
very difficult personal, as well as national, financial problems.

We face a tremendous impending “elder boom” as the post-World
War II “baby boomers” grow old (persons born between 1946 to 1963).
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In 1900, about 4% of the United States population was 65 or more
years old; today that figure is 12.4%, and by the year 2030 it is
expected to reach 19.6% (Fig. 1.1).2 Thus, a recent US census
indicated that in 1960 there were 16.6 million Americans 65 years or
older and in 1980 there were 25.6 million. It was estimated that in the
years 2000, 2020 and 2040 there will be 34.7 million, 53.2 million
and 75.2 million people 65 years or older, respectively.3 Of all
humans who have ever lived to age 65, it is estimated that at least half
are alive today.4 The fastest growing group in the US reportedly
comprises those over age 85.5 In 1990 approximately 1% of the US
population was 85 years or over; by 2030 it is estimated to be 3% and
will increase to 5% by 2050. However, the fastest growing group
might actually be those 100 years and over. In 1960 the estimated
number of Americans 100 years and over was 3600; in 1998 it was
54,000 and is estimated to reach 200,000 by the year 2020 and 400,000
by 2040.6 Importantly, the health prospects for these unusual indi-
viduals is not as bleak as generally thought. Thus, at age 85 years
men can expect that 80% of their remaining life will be free of seri-
ous disability; for women, the estimated disability-free time is 65%.7

As a result, the medical costs of increased longevity beyond age 65
will probably not be as great as some have predicted.8 Rather, total

Figure 1.1: Percent of Americans age 65 years and over from 1900 to 2030.
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costs will be primarily affected by the increase in absolute number of
older individuals. These investigators reported that proportionate
health care costs reached a maximum at 75 years, after which the
older the people were, the lower their proportionate lifetime health
care costs became. Thus, the average Medicare payments in the last
two years of life for those dying in their 60s was US$22,590 com-
pared to an average of US$8296 for those who died at 101 years or
older. Perls and Wood9 also concluded that in the acute hospital
setting, costs peaked in the 70- to 79-year-old age group and subse-
quently declined with increasing age; patients in their 80s, 90s and
100 and over, all incurred lower costs per hospital stay than patients
in their 60s and 70s. For those who died while in the hospital, the
average cost per discharge decreased from US$16,886 for the
60- to 69-year-old group to US$6523 for the centenarians.

More recently, Spillman and Lubitz10 compared the effect of longev-
ity on the costs for acute and long-term care. They found that the
effect of longevity on expenditures for acute care differs significantly
from its effects for long-term care. Thus, acute care costs, primarily
for hospital care and physicians’ services, increase at a reduced rate
as the age at death increases. On the other hand, long-term care costs
increase at an accelerated rate. They concluded that although increases
in longevity after age 65 years results in higher long-term care costs,
the increased number of elderly has a more important effect on total
costs. How about sex differences in the use of health care services
and the expenses incurred? Mustard et al.11 studied the age- and sex-
specific per capita use of health care resources for a one-year period
during 1994 and 1995 in the Canadian province of Manitoba. They
found that health care expenditures were similar for males and
females after differences in reproductive biology and higher age-
specific mortality rates for men were accounted for.

Fries12 proposed that a healthy lifestyle, improved medical care, and
a higher standard of living would compress morbidity into a signifi-
cantly shorter period of time rather than expand disability. He and
co-workers13 later demonstrated that all people can compress their
morbidity. In this study, 1741 college alumni were first surveyed in
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1962 at an average age of 43 years. Each person’s health status was
rated on the basis of weight, smoking and exercise habits. In 1994, at
an average age of 75 years, the importance of these health habits
were apparent. Those who exercised regularly, controlled their weight,
and avoided smoking in midlife and later adulthood lived signifi-
cantly longer. In addition, disability was postponed and compressed
into fewer years at life’s end. More recently, these researchers pro-
vided further evidence that a healthy lifestyle will delay the onset of
age-related diseases and compress the time of illness into a short
period at the end of their lives.14 Moreover, it is never too late to
promote a healthy lifestyle, even in older persons. In agreement with
these studies, Perls and Silver6 found that most centenarians are
healthy throughout most of their lives and the great majority are
healthy into their 90s and in some who are over 100. In short, they
reported that morbidity could be compressed into 4% of the total
lifespan. This is reasonable since these older individuals have gener-
ally escaped the major age-related diseases which are, to a very
significant degree, lifestyle related (Table 1.1). Interestingly, these

Table 1.1: Fifteen Most Common Causes of Death in the US (2000)20

                Disease/Disorder Number of Deaths Total Percent

Heart disease 709,894 29.5
Cancer 551,833 22.9
Cerebrovascular disease 166,028 6.9
Chronic obstructive pulmonary disease 123,550 5.1
Accidents/adverse effects 93,592 3.9
Diabetes mellitus 8662 2.9
Pneumonia/influenza 67,024 2.8
Alzheimer’s disease 49,044 2.0
Nephritis/nephrosis/nephrotic syndrome 37,672 1.6
Septicemia 31,613 1.3
Suicide 28,332 1.2
Chronic liver disease/cirrhosis 26,219 1.1
Essential hypertension/hypertensive 17,964 0.7

renal disease
Pneumonitis due to solids/liquids 16,659 0.7
Homicide 16,137 0.7
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latter authors proposed a “Life Expectancy Calculator” which is based
on the assumption that the average person has adequate “longevity
genes” to live to age 85 or more; those with an appropriate lifestyle
may add an additional ten or more years. They suggested that the
major factors, in addition to genetics, in living to 100 are the follow-
ing: not smoking, eat modest amounts of meat and fatty foods, eat
plenty of fruits, vegetables and bran, supplement the diet with
vitamin E and selenium, take an aspirin daily, control your weight
(BMI � 24 kg/m2), exercise regularly, avoid stress and live close to
family members.

Pronk et al.15 reported that adverse health risks (i.e. physical inactiv-
ity, increased body mass index, current smoking, and/or history of
previous tobacco use) were related to significantly higher health
care costs. For example, those who never smoked, had a body mass
index (BMI) of 25 kg/m2 or less (overweight 25–29.9 kg/m2;
obese � 30 kg/m2), and exercised three days a week had mean health
care charges over an 18-month period of about 49% lower than physi-
cally inactive smokers with a BMI of 27.5 kg/m2. Others16 reported
that beyond the biological effects of aging, much of the illness and
disability associated with older individuals is related to risk factors
present in midlife. Thus, the most consistent predictors of healthy
aging were low blood pressure, low serum glucose, not smoking ciga-
rettes, and not being obese.

What are the economic costs of obesity and physical inactivity?
Colditz17 recently reported that physical inactivity leads to a
signif icant increase in numerous chronic diseases/disorders
including coronary heart disease (CHD), hypertension, type 2 diabe-
tes (non-insulin dependent diabetes mellitus; NIDDM), colon can-
cer, depression, osteoporotic hip fractures and obesity. Increasing adi-
posity is, itself, related to type 2 diabetes, hypertension, CHD, gall
bladder disease, osteoarthritis and cancer of the breast, endometrium
and colon. He found that the direct cost of physical inactivity, in terms
of 1995 dollars, was US$2.4 billion/year (2.4% of total health care
costs) while obesity (BMI � 30 kg/m2) costs US$70 billion a year.
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Together, these two lifestyle-related conditions accounted for 9.4%
of the total US health care expenditures.

Schneider18 recently suggested that the issue most likely to affect the
quality of life is their future health needs. Their health will not only
affect future health care costs but will also have major consequences
on their economic, housing and transportation needs. He proposed
the following two possible scenarios that define “the most likely range
of future health changes.”

(1) Appropriate funding for aging research, disease prevention and
improved treatment will result in the triumph of the current
major causes of disease and disability of older individuals. As a
result, the health of an 85-year-old person in the year 2040 would
resemble that of a 70-year-old today.

(2) Continue at the current relatively low levels for research sup-
port, prevention and treatment such that current health trends
continue to show small, if any, improvements in the average health
of the elderly. As a result, the future 85+ age group in the year
2040 will not be significantly different from that of a current
person in the same age group with its considerable needs for both
acute and long-term care.

Life Expectancy

The estimated life expectation at birth represents the average num-
ber of years that a group of newborns would be expected to live if,
throughout their lifetime, they were to experience the age-specific
prevailing death rates during the year of their birth. In this regard, the
average life expectancy of a Roman citizen 2000 years ago was about
22 years.19 In 1900, the average life expectancy (birth to death) was
47 years; in 2000 it had increased to a record high of 76.9 years:
white females, 80.0 years; black females, 75.0 years; white males
74.8 years; and black males, 68.3 years20 (Fig. 1.2). Olshansky
et al.21,22 suggested that the average life expectancy would not exceed
85 years “in the absence of scientific breakthroughs that modify the
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basic rate of aging.” However, a recent publication suggests an even
more optimistic outlook for increased life expectancy, especially for
women.23 These authors projected, on the basis of recent information
from experimental studies, that in established market economies the
average life expectancy for women will be about 90 years by 2020
and about 80 years for men.24,25 Thus, humans appear to be approach-
ing the maximum attainable average life expectancy of 95 years as
proposed by Lohman et al.26 which is approximately ten years more
than suggested by Olshansky and associates.21,22

As noted above, Fries12 hypothesized that a healthy lifestyle would
result in a compression of morbidity. Thus, a person could live a
vigorous, productive and healthy life for 85 or more years and then,
over a very short period of time, would become ill and die (Curve A,
Fig. 1.2). This compression of morbidity would result in the follow-
ing: (1) the percent of very old people would not increase; (2) the
average period of decreased physical activity and vigor would
decrease; (3) chronic diseases would involve a smaller percent of the
life span; and (4) medical care needs in later life would decrease. He

Figure 1.2: Comparison of approximate percent of surviving Americans at various
periods of time (B) 1990, (C) 1920, (D) 1900 with the “ideal” life span (A) and
those living in Rome 2000 BC (E) (adapted from Fries).12
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emphasized that postponement of chronic illness would result in
rectangularization, not only of the mortality curve, but also the
morbidity curve (Fig. 1.2).12,27,28 As a result, most individuals would
be healthy and active until a relatively short time before the final
illness; death would rapidly follow. Moreover, medical expenses would
be significantly lowered.

Others,29 however, came to different conclusions and suggested that:
(1) the number of very old people is rapidly increasing; (2) the aver-
age period of decreased vigor will likely increase; (3) chronic
disease will occupy a larger percent of our lifespan; and (4) the needs
for medical care in later life are likely to increase. In support of these
latter authors, by not anticipating the marked decline in mortality in
the elderly that has occurred over ther past two decades, previous US
Census Bureau projections underestimated the growth of the oldest
age groups, which surpassed even projections based on the lowest
mortality assumptions.30 In addition, Rakowski and Hickey31 reported
a general tendency to attribute various diseases, as well as mortality,
to “aging” rather than to treatable but undiagnosed disorders. This
tendency may itself carry an adverse risk since some may delay
seeking medical care, a problem that exceeds 60% for some medical
disorders.32

Nevertheless, a recent report strongly supports the importance of
lifestyle habits in the compression of morbidity.14 In this study, 418
deceased people of an aging cohort were observed over a 12-year
period during which their functional status, in relationship to lifestyle-
related risk factors, was observed. The results showed a distinct
reduction and postponement of disability in persons with healthier
lifestyles (i.e. not being overweight, being physically active and not
smoking).

Major life expectancy risk factors

There is a common conception among the general public, as well as
many physicians and other health professionals, that the very elderly
frequently die of “old age.” This is well illustrated by examining death
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certificates and newspaper obituaries. Moreover, the fact that there
is a maximum lifespan suggests that the incredible human machine
eventually wears out, although exactly what stops the “clock of life”
is often an enigma. Nevertheless, aging and disease are not the same;
aging predisposes one to various diseases. John and Koelmeyer33 clari-
fied the answer to the question, “do people die of old age?” to a
significant degree in their recent report on death in nonagenarians
and centenarians. In this forensic autopsy study of 319 cases of people
90 years and older, they found that 272 cases (85%) were natural and
of these, only 13 (5%) could be attributed to old age or senile debil-
ity. The most common causes of death were as follows: ischemic
heart disease, 74 cases (23%); bronchopneumonia, 37 cases (12%);
fractures and related complications, 28 cases (9%); acute myocardial
infarction, 25 cases (8%); cerebrovascular accident, 19 cases (6%);
and ruptured aneurysm, 17 cases (5%). Forty-seven deaths (15%)
were considered unnatural (i.e. 43 accidents due mainly to falls, three
suicides and one homicide). Thus, it is apparent that most of the very
elderly do not die of “old age.” As more is learned about the aging
process, the relationship between aging and disease will be further
clarified. At that time, perhaps all natural deaths can be related to a
single disease or a combination of diseases.

The overall improvement in the health of Americans from 1900 to
2000 is exemplified by two highly significant trends: (1) the age-
adjusted death rate declined by about 74%, while (2) life expectancy
increased 56%.34 In 1900, the ten most common causes of death were,
in order of frequency, pneumonia, tuberculosis, diarrhea, heart dis-
ease, stroke, liver disease, accidents, cancer, senility and diphtheria.
Thus, over the past 100 years, the major causes of death shifted from
infectious diseases to chronic diseases. For example, in 1900 infec-
tious respiratory diseases accounted for about 25% of all deaths. In
2000, heart disease accounted for 29.5% and cancer 22.9% of all
deaths (Table 1.1).20 It is apparent, therefore, that a “crisis call” for
new preventive medicine exists; the “call” is for improved lifestyles.
Importantly, the fifth leading cause of death may actually be due to
adverse drug reactions, even when the drugs are properly prescribed
and administered.35 In this report, there were an estimated 2,216,000
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serious drug reactions and 106,000 drug-related deaths in 1994. The
major causes of death are, to a significant degree, lifestyle-related.
The eighth most common cause of death in 1995 was AIDS. This
lifestyle-related disease dropped out of the top 15 causes of death in
1998, primarily due to improved treatment. Furthermore, tobacco use,
poor diet and physical inactivity have been identified as the major
contributors to overall mortality in the US, accounting for about one-
third of all deaths.36 More specifically, these authors quantified the
major external factors that contributed to the most common causes
of death in 1990. Almost half of all deaths were attributed to the
following: tobacco (400,000); diet and activity patterns (300,000);
alcohol (100,000); microorganisms (90,000); toxic agents (60,000);
firearms (35,000); sexual activity (30,000); motor vehicles (35,000);
and illicit drug use (20,000). Others37 have also documented that ciga-
rette smoking, obesity, physical inactivity, poor dietary habits and
drug abuse are associated with numerous diseases, a significant de-
crease in the quality of life and a shortened life expectancy.

In 1990, Michigan reportedly had a very high incidence of chronic
disease-related mortality.38 More recently, the prevalence of four
healthy lifestyle characteristics [i.e. healthy weight (BMI 18.5–
25.0 kg/m2), adequate intake of fruits and vegetables (five or more
servings a day), regular leisure-time physical activity (at least
30 minutes five times or more a week), and not smoking in Michigan
residents were analyzed for 1998 and 2000.39 The findings showed
an estimated 37.9% of Michigan adults had a healthy body weight,
22.8% ate the recommended amount of fruits and vegetables, 25.9%
engaged in regular leisure-time physical activity, and 72.3% did not
smoke. However, 11.2% engaged in none of these practices, 38.6%
in one, 33.3% in two, 13.9% in three, and 3.0% in all four. Thus,
those who were involved in all four areas was extremely low and was
affected by sex, education level and health status. For example, the
prevalence of engaging in all four areas was lower in men than women
(1.6% versus 4.5%), increased with the level of education (college
graduates were three times higher than those with high school edu-
cation or less), and those with excellent health were higher than those
in poor health (7.1% versus 1.0%). Moreover, when compared with
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other states, the prevalence of obesity and smoking in Michigan
were higher than the national average.40 Conversely, in 2000 the daily
consumption of five fruits and vegetables met the national average
and the state ranked among the top ten states for participation in
regular and sustained physical activity.

It has been reasonably assumed that if these relative risks were elimi-
nated, or at least reduced, the average life expectancy would be sig-
nificantly increased. Although there has been little previous direct
evidence supporting this presumption, a recent study of Seventh-day
Adventists, who probably have the highest life expectancy of any
formally described population, adds significant support.41 Here,
34,192 Adventists were followed from 1976 to 1988. The results
showed that at age 30 years, California Adventists have higher life
expectancies than other white Californians by 7.28 years in men and
4.42 years in women. Moreover, the authors concluded that diet,
exercise, tobacco use, body weight and hormone replacement therapy
(in women) in combination can change life expectancy up to ten years
among Adventists.

These and other reports clearly emphasize the critical need to edu-
cate all Americans, including politicians and those in the medical
profession, as to the importance of a healthy lifestyle. Longer, hap-
pier and more productive lives with greatly fewer medical expenses
can become a reality but it will require considerable effort from all.
These topics will be discussed in detail in later chapters of this book.

Miscellaneous life expectancy risk factors

Race and socioeconomic status

Differences in health outcomes by socioeconomic status have long
been recognized as a persisting and possibly increasing public health
problem. For example, Guralnik et al.42 reported that those with
lower socioeconomic status, as measured by income, education and
occupation, have significantly higher mortality rates than those in
higher socioeconomic levels. They also noted that among older
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blacks and whites, the level of education has a greater effect than
race on both total life expectancy and active life expectancy. Inter-
estingly, in the over 85 age group, black women had a total life
expectancy of 3.6 years greater than white women. Others have
reported significant socioeconomic and racial differences in the
incidence of both CHD and ischemic stroke. Here, Barnett et al.43

reported a significant increase in CHD mortality in black men of
lower social classes over a ten-year period (1984–1993); however,
mortality of upper class black men decreased. CHD mortality for
white males in all social classes declined during this time period.
Similarly, Rosamond and associates44 studied ischemic stroke inci-
dence and survival in a large cohort of middle-aged (45–64 years)
men and women from 1987 to 1995. The age-adjusted incidence
rate/1000 person years was highest in black men (4.44) followed by
black women (3.10), white men (1.78) and white women (1.24).
After accounting for established baseline risks (hypertension,
diabetes, education level and smoking status), blacks still had a
38% greater risk of ischemic stroke compared with whites. More-
over, a recent review of stroke mortality noted that compared with
US whites, US blacks have significantly greater mortality rates for
every stroke subtype, except perhaps cerebral infarction due to
carotid artery occlusion;45 the number of stroke deaths, between
1992 and 1996, increased in blacks by over 8%.

With respect to education, Timiras46 proposed that continuing educa-
tion and learning is an effective means to promote longevity and
improve the quality of life in old age. As he pointed out, current
evidence supports the idea that education is a strong psychological
and biologic tool to attain a longer and more satisfying life. As a
Chinese proverb says, “aging begins when we stop learning.” In this
regard, a recent Dutch longitudinal study47 examined the role of
behavioral (i.e. alcohol, smoking, BMI and physical activity) and
material (i.e. financial problems, employment status and income
proxy) factors in explaining educational differences in all-cause mor-
tality. The authors concluded that the association between mortality
and educational level was largely explained by material factors. Simi-
larly, Wamala and co-workers48 concluded that the increased risk for
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CHD in women with low education is linked to both psychosocial
stress (i.e. job stress, social isolation, poor coping and hopelessness)
and lifestyle factors (smoking, leisure physical activity and obesity).
They further noted that blood lipids, hemostatic factors and hyper-
tension contribute to CHD to a lesser extent.

Others have also shown an inverse relationship between longevity
and socioeconomic status. For example, Pappas and associates49 re-
ported that an inverse relation between mortality and socioeconomic
position persisted in 1986 and was even stronger than in 1960. This
disparity in mortality rates according to education and income
increased for both women and men, whites and blacks, and family
members and unrelated persons. On the other hand, in their study of
centenarians, Perls and Silver6 stated, “…we realized that the com-
monly accepted profile of successful aging, which assumes that the
person will be well-educated, employed in a profession, and finan-
cially secure, is dangerously flawed.” Moreover, Lantz et al.50 noted
that a prominent hypothesis regarding social inequalities in mortal-
ity is that the increased risk among the lower socioeconomic groups
is mainly due to a higher prevalence of lifestyle risk factors (i.e. ciga-
rette smoking, alcohol drinking, sedentary lifestyle and increased body
weight). These authors reported, however, that although these factors
are important, they explain no more than “12% to 13% of the predic-
tive effect of income on mortality.” They concluded that mortality
differences are due to a wider array of factors and, therefore, would
persist to some extent, even with improved health behaviors among
the disadvantaged.

Of further interest regarding the relationship between social status,
life expectancy and all-cause mortality, is a recent report of survival
among Academy Award-winning actors and actresses.51 This study
analyzed all actors and actresses ever nominated for an Academy
Award (n = 762). For each of these, another same sex cast member
who was in the same film and born in the same era was identified
(n = 887). All 1649 performers were analyzed; the median duration
of follow-up time from birth was 66 years. The results showed that
life expectancy was 3.9 years longer for Academy Award winners
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compared with the less recognized performers. Furthermore, those
who received additional awards had a 22% relative reduction in death
rates; however, additional films and nominations but without awards
did not reduce the death rates. The authors concluded that high social
status and increased longevity demonstrated in the general public
extends to celebrities and is partially explained by success-related
factors.

Other possible factors include hostility, depression and social isola-
tion, all of which have been shown to predict increased all-cause
mortality.52 In addition to these important life expectancy risk
factors, House et al.53 studied the mortality rate among urban resi-
dents compared with suburban and rural/small-town residents. After
adjustment for baseline sociodemographic and health variables,
city dwellers had a mortality hazard ratio of 1.62 relative to rural/
small-town residents; suburbanites had an intermediate but insignifi-
cant elevated hazard rate ratio. The mortality risk was particularly
significant for non-black men younger than 65 years of age. There
was no increased risk for women. The authors concluded that among
men, the mortality risk of city residence is as significant as race, low
income, smoking and social isolation.

Depression and suicide, heart disease, stroke

Depression is a chronic disorder and often associated with a wide
range of other medical problems from alcoholism to CHD. It af-
fects people all over the world and may, in fact, be worse in poorer
countries where malnutrition and infectious diseases are particu-
larly widespread.54 In 1995, depression and other mental disorders
accounted for 28% of the total disabilities in the world. It is
estimated that depression, which ranked fourth in the world in
disability-adjusted life years in 1990, will rank second in 2020, a
figure greater than traffic accidents and second only to ischemic
heart disease.54

Depression in people age 65 years and older is a major public health
problem in the US, resulting in decreased quality and length of life.
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It is also associated with increased medical costs, decreased worker
productivity and increased dysfunctional families. The major risk
factors for depression include substance/alcohol abuse, spousal
bereavement, financial problems, medical illness/disability, and lack
of social support from family and friends. Unfortunately, the early
signs of depression (i.e. sleep disturbance, fatigue, guilt feelings,
weight loss, decreased interest and enjoyment of normal life pur-
suits, and recurrent thoughts of death and suicidal ideation) may not
always be apparent.

Depression also greatly increases the suicide rate, currently the eighth
most common cause of death in the US. According to figures
recently released by the Centers for Disease Control (CDC), people
over age 65 years committed 19% of all suicides between 1980 and
1992, although they account for only 13% of the population;55 more-
over, men accounted for 81% of these suicides. Although suicide may
be declining in women aged 65–74 years, it rises in those aged
75 years and over. Elderly suicides may be even more common than
current statistics suggest (e.g. intentional overdoses of prescribed
medications, cease taking prescribed medications, stop caring for
themselves, delay treatment for medical conditions, stop eating and
drinking, etc.).56

In addition to increased suicides among depressed people, various
studies have shown a direct correlation between depression and
several other diseases. For example, depression in women has been
associated with decreased bone mineral density, which results in a
significant increase in hip fractures.57 In addition, several lines of
evidence suggest that depression is a major risk factor for CHD. Ford
et al.58 reported that the cumulative incidence of depression in male
medical students at 40-year follow-up was 12%. Multivariate analy-
sis of their data indicated that depression was a significant risk factor
for subsequent CHD and myocardial infarction (relative risk 2.12 for
both disorders). Others59 studied depressed men and women and com-
pared them with non-depressed matched controls. Here, the risk for
CHD was three times higher among men with depression than in the
controls. However, depression was not associated with CHD in
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women. Conversely, Ferketich and associates60 found that after
controlling for possible confounding factors, depression was associ-
ated with an increased risk for CHD in both women and men,
although depression directly correlated with increased mortality only
in men with CHD.

In persons with known CHD, depression also predicts an increased
risk for mortality.61,62 Similarly, Denollet et al.63 reported that a
type-D personality (the tendency to suppress emotional distress),
independent of other risk factors, was a significant predictor of long-
term mortality in patients with CHD. More recently, depression was
reported to be independently associated with a “substantial increase
in the risk of heart failure among older persons. …”64 After con-
trolling for numerous confounders, including the occurrence of
myocardial infarction, depressed persons 60 years and older with
isolated systolic hypertension had more than a two-fold higher risk
of developing heart failure compared with non-depressed individu-
als. Still others found that work-related stress is associated with an
increased prevalence of atheromatous carotid artery lesions in men
but not women.65 Here, the highest stress quintile showed a 36%
presence of carotid lesions compared with 21% among men in the
lowest stress quintile.

Two recent studies have also linked cerebrovascular disease with de-
pression.66,67 This latter six-year prospective study67 of 2478 older
whites and blacks from five North Carolina counties found that in-
creasing scores on the modified Center for Epidemiological Stroke
Depression Scale were associated with an increased risk of stroke.
Conversely, high levels of positive effect appeared to be protective
against stroke.

Various explanations have been proposed to explain the associa-
tion between depression and the diseases associated with arterio-
sclerosis. For example, Carney et al.68 suggested that it is directly
or indirectly related to poorer health behaviors (e.g. increased
smoking, decreased physical activity). Poor nutrition, resulting in
an inadequate intake of critical antioxidants and micronutrients,
is also likely to play an important role.
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Personal longevity traits

Strong, optimistic personalities are typical of long-lived people while
depression is uncommon. They are determined to face and over-
come obstacles. Thus, rather than taking life easy, these special
people take whatever measures are necessary to maintain their physi-
cal strength and mental capabilities. They refuse to see age as a
limitation on life’s enjoyments and strive to avoid lifestyle-related
diseases and disorders.6 In a recent study, Maruta et al.69 examined
how people explain events as a risk factor for early death using
scores obtained from the Optimism-Pessimism scale of the Minne-
sota Multiphasic Personality Inventory. After following 839 patients
for 30 years, they found that the more pessimistic group had a 19%
higher risk for mortality. Earlier reports have also shown that pessi-
mistic individuals are more susceptible to depression,70 have poorer
physical health,71 and are more frequent users of medical and men-
tal health care facilities.72 Proneness to anger is also a significant
risk factor for CHD morbidity and mortality independent of estab-
lished biological risk factors.73 Others74 found that mental stress
(i.e. feelings of tension, frustration and sadness) can more than
double the risk of cardiac ischemia in the subsequent hour. Simi-
larly, a study of life satisfaction, defined as interest in life, happi-
ness, loneliness and general ease of living, showed the age-adjusted
hazard ratios for all-cause, disease and injury mortality among dis-
satisfied compared with satisfied men were 2.11, 1.83 and 3.01,
respectively.75 After adjusting for marital status, social class, smok-
ing, alcohol use and physical activity, the risk ratios were reduced
to 1.49, 1.35 and 1.93, respectively. Their data did not demonstrate
similar associations among women.

Although Alzheimer’s disease is the major cause of dementia in
older people, few risk factors have been identified. To evaluate the
possible association between this disease and cognitively stimulat-
ing activities, Wilson et al.76 studied 801 older Catholic nuns, priests
and brothers without dementia at baseline. They evaluated the
following seven cognitive stimulating activities involving informa-
tion processing: viewing television; listening to radio; reading
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newspapers; reading magazines; reading books; playing games (e.g.
cards, checkers, crossword and other puzzles); and going to muse-
ums. Their findings suggested that frequent participation in these
stimulating cognitive activities was associated with a reduced inci-
dence of Alzheimer’s disease. Similarly, regular participation in
social or leisure activities (e.g. traveling, odd jobs, knitting, etc.)
are associated with a lower risk of dementia.77 Others found that
individuals who live alone and those without social ties have an
increased risk for developing dementia (relative risk, 1.5)78 More-
over, compared with married people, the relative risk for those who
were single or living alone was 1.9. The risk of dementia with
social disengagement is further supported by the work of Bassuk
et al.79 After correcting for various confounders, they found that
elderly people with no social ties were significantly at risk for cog-
nitive decline compared with those with five or more social ties
(odds ratio, 2.24 after three years, 1.91 after six years, and 2.37
after 12 years follow-up).

In addition to these individual characteristics, a growing body of
empirical evidence suggests that active religious involvement has a
positive effect on health and mortality.80–86 Oman and Reed87 ana-
lyzed the prospective association between attending religious services
and all-cause mortality. After comparing the mortality rate of those
who attended religious services with several confounding factors (i.e.
demographics, health status, physical functioning, health habits, so-
cial functioning and support, and psychological state), they concluded
that attendance at religious services was associated with a lower
mortality rate but that “we were unable to explain the protection
against mortality offered by religious attendance.” More specifically,
Helm and associates88 examined the relationship between survival
and private religious activity such as prayer, meditation and Bible
study. Importantly, they divided the population into religious activity
of daily living into impaired and unimpaired groups since physical
impairment and stress often lead to increased religious activity. After
a 6.3-year average follow-up, and control for multiple confounding
variables, their data demonstrated a significant protective effect of
private religious activity against mortality in the relatively healthy
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unimpaired group. However, no protective effect persisted in the
physically impaired population suggesting that the impaired group
“may have begun private religious activity only in response of
declining health. …”

Other studies are also consistent with the view that religious
involvement “is a general protective factor that promotes health
through a variety of causal pathways.”89 Moreover, the protective
effect of religious attendance may be stronger for women than men.90

Strawbridge et al.91 also noted that the lower mortality rates among
those who are more involved in religious activities are partly
explained by improved health practices, increased social activity
and more stable marriages. The subject of religious commitment
and health status has been reviewed.92 Interestingly, medical schools
have recently become interested in the association between health
and spirituality. In 1994, only three medical schools taught courses
on religious and spiritual issues. There were 30 in 1997 and in 2000
about half (i.e. 65) of the US medical schools offered “spirituality”
courses.93

Maximum Lifespan

In contrast to the steady rise in average life expectancy, especially
since 1900, it had been widely accepted that the maximum theoreti-
cal life span was about 115 years.12 Thus, in 1980 the oldest authen-
ticated person was a Japanese woman who lived for 114 years.94 More
recently, however, several individuals have significantly exceeded this
mark, the current authenticated record being 122 years and 163 days.95

Here, Jeanne Calment of France was born in 1875 and died in 1997.
Interestingly, she remained spirited and mentally sharp, albeit
blind during her last few years. As of the fall of 1999, the oldest
authenticated living person was Sara (Clark) Knauss of Allentown,
PA at 119 years.96 The oldest documented male is Christian Mortenson
(San Francisco, California) who died in 1998 at 115 years.97 As of
the fall of 1999, the oldest known living man (112 years) was Kamato
Hongo of Japan.96
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Is it possible to further extend the human lifespan? Certainly, at-
tempts to increase the human lifespan date as early as 3500 BC;
the search for immortality by Ponce de Leon (Fountain of Youth)
and Alexander the Great are well known. As such, so-called aging
experts have long touted various anti-aging elixirs to the general
public. Nevertheless, as recently emphasized by 51 of the world’s
leading authorities on aging, there is “no truth to the Fountain of
Youth.”98 These authors wrote that “the hawking of ‘anti-aging’
therapies has taken a particularly troubling turn of late. Disturb-
ingly large numbers of entrepreneurs are luring gullible and
frequently desperate customers of all ages to ‘longevity’ clinics,
claiming a scientif ic basis for the anti-aging products they
recommend and, often, sell.”

In 1981, Harman99 proposed that the maximum lifespan could
be increased by five to ten or more years by weight control and
ingesting diets adequate in essential antioxidant nutrients de-
signed to minimize the negative effects of free radical reactions.
More recently, Manton and Stallard suggested that lifespan lim-
its are not yet manifested.100 Using one of their analyses that
involved parameters from extinct cohorts, they predicted that
the maximum longevity potential could be 130 or more years.
There are several things that will increase life expectancy, as
well as the quality of life. Indeed, survival to old age is well
known to be strongly affected by various environmental and
behavioral components.

Major longevity determinants

Although several major factors are involved in longevity, their
relative importance and inter-relationships are not well understood.

Genetics

Genetics plays a very important role in the aging process; however,
the exact mechanisms are extremely complex and far from being
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identified. The major support for the role of genetics in human
longevity is as follows:

(1) Family Longevity
There is a modest to moderate correlation in life expectancy
among family members. Thus, families with centenarians have a
greater chance to have equally long-lived members than those
without centenarians. In addition, the difference in longevity is,
on average, significantly less in identical twins than in fraternal
twins. Thus, Perls et al.101 recently analyzed the pedigrees of 449
American centenarian families. Compared with the 1900 cohort,
male siblings of centenarians were “at least 17 times as likely to
attain age 100 themselves, while female siblings were at least
eight times as likely.”

(2) Accelerated Aging Syndromes
Progeria (Hutchinson-Gilford syndrome; probable chance mutation
in one copy of one gene), Werner’s syndrome (autosomal recessive),
and Down’s syndrome (trisomy 21) are all associated with chromo-
somal abnormalities and significantly shortened lifespans. However,
the subsequent biochemical phenomena are not well understood.

(3) Finite Doubling Potential
In 1965, Hayflick102 demonstrated that human diploid cells dividing
in vitro have a limited number of potential cell doublings (50 ± 10),
presumably due to a genetic senescence program. Importantly, the
cells from individuals with progeria, Werner’s and Down’s syndromes
have significantly fewer divisions than normal cells.

(4) Telomerase
The enzyme telomerase is expressed in some malignant cells but
not in normal cells.103 When each cell divides, the telomeres
(chromeric tips of chromosome arms) shorten. Once critically
shortened telomere length is reached, the cell stops dividing and
becomes senescent. However, in some cancer cells, telomerase
stimulates continued cell division by maintaining the telomere
length. As a result, new anticancer therapy may be aimed at in-
hibiting this enzyme.104 Further studies are also critical to better
understand its probable role in aging.
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(5) Aging Genes
Although numerous genetically-determined biochemical path-
ways influence longevity, very few genes that might be involved
have been discovered. Those that have been identified have
primarily involved the fruit fly Drosophila melanogaster and the
nematode worm Caenorhabditis elegans.105 Whether these find-
ings are applicable to humans remains to be determined. Never-
theless, a few studies have been done in people. For example, in
French centenarians, two variable genes that may be important in
postponing aging have been identified.105 One of these codes for
apolipoprotein E (involved in cholesterol transport among other
things) while the other codes for angiostensin-converting enzyme
(involved in blood pressure regulation). Here, particular alleles,
or variants, of the genes are more frequent in centenarians than in
the general population. However, exactly how these alleles are
related to the aging process is poorly understood.

Free radicals/antioxidants

The free radical theory of aging106 suggests that naturally occurring,
highly reactive chemical species (i.e. free radicals) cause progres-
sive, random damage to enzymes and other proteins, cell membranes
(lipid peroxidation), DNA and RNA. Since then, abundant evidence
has been presented to indicate that aging correlates with the sum of
all free radical reactions produced in all body cells and tissues, or at
least is a major contributor of it.107–110 In addition, numerous natu-
rally occurring protective substances (i.e. antioxidants) have been
identified (Table 1.2).

(1) Observational Studies
(a) Metabolic rate: In 1928, Pearl111 proposed that aging is depen-

dent on the “rate of living.” In fact, the metabolic rate theory of
aging is part of other theories, particularly the free radical and
genetic theories. Thus, a positive correlation was experimen-
tally shown to exist between metabolic rate, aging, lipid
peroxidation and the concentration of age-pigments.112 These
variables all support the idea that aging may be modulated by
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the rate of oxygen consumption and hence the formation of
oxygen-derived free radicals. In accordance with this, large
animals generally have slower metabolic rates than small ani-
mals which have lower rates than insects. Thus, large animals
generally live longer than small ones; variables such as hiber-
nation and environmental temperature play a role in some cases.

(b) Caloric restriction: McKay et al.113 first demonstrated that by
restricting the food intake of young rats, their longevity could
be increased. Follow-up studies by others confirmed that
restricting laboratory animals to 60% of an ad libitum diet,
but with adequate vitamins and minerals, results in a 30–50%
increased lifespan.114 Moreover, early data from current
on-going studies with non-human primates suggests similar
results.115 Thus, dietary restriction in rhesus monkeys was

Table 1.2: Major Antioxidant Defenses

Antioxidant Enzymes
Catalase
Glutathione peroxidase
Glutathione reductase
Superoxide dismutases (three enzymes)

Metal Binding Proteins
Ceruloplasmin
Ferritin
Hemoglobin
Lactoferrin
Metallotheinein
Myoglobin
Transferrin

Common Antioxidants (Radical “Scavengers”)
Bilirubin
Uric acid
Thiols (R-SH)
Vitamins A, C, and E
Carotenoids (beta-carotene, lycopene, etc.)
Flavonoids (quercetin, rutin, catechin, etc.)

Other Antioxidants
Antioxidant enzyme co-factors (Zn, Mn, Se and Cu)
Reduced glutathione (GSH)
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shown to lower body temperature and thereby slow the meta-
bolic rate,116 increase physical activity,117 and slow the
postmaturational decline in serum levels of the steroid hor-
mone dehydroepiandrosterone sulfate.118 Moreover, caloric
restriction decreases the load of oxidized proteins, enhances
the immune system, has anti-inflammatory effects in the brain,
and reduces oxidative stress, among others.119 These findings
also presumably apply to humans. These and other studies
should not be surprising since obesity is not only associated
with numerous diseases (CHD, stroke, diabetes, cancer, etc.),
but it also accelerates the aging process.

(c) Age-pigments: The accumulation of “age-pigments” (lipofus-
cin and ceroid), mainly in the heart, muscle, liver and brain of
the very old has been recognized by pathologists for well over
100 years. This brown fluorescent pigment, located in lysos-
omes, is formed as a by-product of oxygen free-radical reac-
tions and lipid peroxidation. Its presence suggests inadequate
body defenses against the stresses of reactive oxygen species.

(2) Antioxidant Enzymes
A strain of Drosophila melanogaster that lives twice as long as
the normal strain also has significantly higher levels of super-
oxide dismutase.120 Furthermore, a strain of Caenorhabditis
elegans lives 70% longer than the normal strain and has in-
creased activities of both superoxide dismutase and catalase.120

In addition, Kellog and Fridovich121 reported that long-lived
mouse strains have significantly higher antioxidant enzyme ac-
tivities (superoxide dismutase) than short-lived mice. However,
de Grey122 reviewed a series of studies and concluded that there
is no correlation between longevity and increased levels of an-
tioxidant enzymes in warm-blooded animals (homeotherms).
Further studies are clearly needed to clarify this critical area.

(3) Antioxidants (“Free Radical Scavengers”)
The body is well-supplied with naturally occurring protective
mechanisms, including antioxidant enzymes and metal-binding
proteins, both of which prevent the formation of free radicals.107–110

In addition, other naturally synthesized substances (i.e. uric acid
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and bilirubin), as well as antioxidants from fruits and
vegetables (vitamins, flavonoids, etc.) neutralize oxyradicals
(Table 1.2).

Immunity

A loss of immune function with increasing age is well recognized.
Older people are more prone to infectious diseases, autoimmune
phenomena, amyloidosis, myelomatosis, chronic lymphocytic
leukemia and other malignancies. This decreased immune
responsiveness is primarily related to cell-mediated immunity
(T-lymphocytes). Thus, with increasing age, the following changes
commonly occur:

• decreased interleukin-2 (IL-2) production;
• decreased cellular response to mitogen stimulation;
• decreased antibody production following antigenic stimulation;
• increased production of interleukin-6 (IL-6); and
• increased production of autoantibodies.

Nevertheless, the immune system is negatively influenced by de-
creased hormone levels (e.g. dehydroepiandrosterone),123 protein
malnutrition, lack of important dietary antioxidants, and physical
inactivity, among others.124 Hence, a close relationship exists between
immunity, oxidative stress and the endocrine system.

Hormones

A wide variety of neuroendocrine disorders, including impaired glu-
cose tolerance, hyperthyroidism, hypothyroidism, muscle and or-
gan atrophy due to decreased growth hormone production, gonadal
dysfunction and hypertension possibly related to increased sympa-
thetic nervous system sensitivity commonly increase with age.
However, which of these are primary factors related to the aging
process and which are secondary phenomena is currently not well
understood.
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Lifestyle

Life expectancy is, to a highly signif icant degree, lifestyle-
related. Thus, as discussed in Chapters 2 to 5, weight control,
physical activity, nutrition, various personal characteristics, and
occupational and environment factors are all important in
longevity, well-being, and health care costs.

Wellness Assessment and Health Promotion

Early recognition of the major risk factors for various diseases, and
appropriate steps taken to alter them, can significantly decrease the
costs of medical care, improve the quality of life and increase life
expectancy. In this regard, the CDC recently reported that at least
60% of all doctor’s office visits, hospitalizations and deaths are due
to preventable or delayable disorders.125 Of considerable importance,
however, is that physicians are primarily disease-oriented and gener-
ally have little interest or training in behavioral counseling, preven-
tive medicine except for infectious diseases, health promotion or
nutrition.126 Rather, they are taught to focus on the “chief complaint,”
presence of a current illness, physical examination and evaluation of
various tests to confirm or rule out possible diseases. Unfortunately,
they are often not interested in the patient’s lifestyle (i.e. smoking,
alcohol, drugs, exercise, diet and weight). Moreover, even when the
physician is interested in these matters, managed care has signifi-
cantly reduced the time available for physicians to counsel patients, a
problem that results in far greater personal and financial costs than
generally appreciated. For example, if people stopped smoking,
exercised regularly, lowered their serum cholesterol levels by 10%,
and controlled their blood pressure, it would prevent about 328,000,
178,000, 133,000 and 68,000 annual deaths, respectively.127 More-
over, it would significantly compress morbidity and markedly reduce
medical costs.

McGlynn and associates128 recently evaluated the quality of health
care in the United States. Overall, they reported that only 54.9% of
the study participants received current recommended care. The
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proportions of recommended care for acute and chronic conditions
were 53.5% and 56.1%, respectively. Similarly, the participants
received only 54.9% of the recommended preventive care. Thus,
strategies to reduce these serious deficits, including preventive care,
are critical.

Complementary and alternative medical (CAM) therapies

Alternative medical therapies, defined as “interventions neither
taught widely in medical schools nor generally available in US
hospitals,”129 have attracted significant national attention from the
news media, government agencies, medical community and the
general public. Since many people believe that physicians are pri-
marily interested in disease, it is not surprising that an increasing
number of adults are using CAM therapies (e.g. herbal medicine,
massage, megavitamins, self-help groups, folk remedies, energy
healing, acupuncture, chiropractic and homeopathy among oth-
ers). This more educated and health-conscious group, among other
things, believes that physicians are too focused on diagnosing and
treating disease and have little interest in improving, or at least
maintaining, a person’s good health.130 A 1990 national survey
estimated that 34% of American adults (60 million) used at least
one alternative therapy in the prior 12 months;131 in 1997, that
proportion increased to 42% (about 80 million persons).129 Indeed,
the estimated number of visits to practitioners of alternative thera-
pies in 1990 was 427,120,000 compared with 387,558,000 visits
to all primary care physicians. In 1997, the number who visited
primary care physicians remained essentially the same
(385,919,000), while visits to alternative practitioners increased
significantly (628,825,000).129 In a more recent study, Kessler and
associates132 reported that 67.6% of the respondents had used some
form of CAM at least once. Moreover, lifetime use increased
steadily with age. Thus, three of every ten in the pre-baby boom
cohort; five of every ten of the baby boom cohort, and seven of
every ten in the post-baby boom cohort used some type of CAM
therapy by age 33 years.



28 Chapter 1

Although there has been an upward trend in the use of CAM thera-
pies, a recent study indicates that adults who use both CAM and
conventional therapies “tend to be less concerned about their
medical doctor’s disapproval than about their doctor’s inability to
understand or incorporate CAM therapy use within the context of
their medical management.”133 In this study, 79% of individuals who
visited a physician and used CAM therapy in the previous 12 months
perceived the combination to be superior to either one alone.
Interestingly, confidence in CAM providers was not significantly
different from confidence in physicians.

Physician counseling

How frequent do physicians counsel their patients about important
lifestyle changes to improve their health? CHD is the most common
cause of death in the industrialized countries; well-recognized risk
factors include, among others, lack of exercise, obesity, poor diet
and smoking. Yet, a recent CDC report stated that only 19% of physi-
cians counseled their patients about exercise, 22% about diet and
10% about weight reduction.125 Moreover, Frolkis et al.134 reported
that physicians are poorly compliant with the National Cholesterol
Education Program (NCEP) guidelines, even with patients at high
risk for coronary heart disease. They found that only 50% of physi-
cians followed NCEP algorithms for lipid screening and many
hyperlipidemic patients remained untreated. Moreover, these authors
noted that only 4% of physicians encouraged their patients to quit
smoking, 14% referred overweight patients to dieticians and 1% rec-
ommended exercise. Similarly, Rafferty135 reported that primary care
physicians spent only 11% of their time on disease prevention (about
seven minutes/patient/year).

A favorable cardiovascular risk-profile not only results in greater
longevity and increased quality of life, but significantly lowers health
care costs.136 These authors noted that the total annual charges
for men at low risk for cardiovascular disease were less than two-
thirds of the charges for men not at low risk (US$1615 less); charges
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for women at low risk were half those for women not at low risk
(US$1885 less). Others studied the relationship between patient
income and physician counseling.137 They reported that lower income
patients were more likely to be obese and smoke than high-income
patients and were less likely to wear seat belts and exercise. How-
ever, stress and alcohol consumption increased with income. Inter-
estingly, physicians were more likely to discuss diet and exercise with
high-income patients than those with a low-income. However, they
were more likely to discuss smoking with low-income than with high-
income smokers. The authors concluded that improvement is espe-
cially needed in regards to alcohol consumption, safe sex and seat
belt use. They also emphasized that physicians need to be more dili-
gent in identifying and counseling low-income patients regarding diet
and exercise and high-income smoking patients.

Wee et al.138 also reported that physician counseling about exercise
was very low. Unfortunately, they found that physicians tend to coun-
sel only as secondary prevention (i.e. after patients have developed
diabetes, had a heart attack, etc.) and are less likely to counsel those
at risk for obesity. These authors concluded that “the failure to coun-
sel younger, disease-free adults and those from lower socioeconomic
groups may represent important missed opportunities for primary
prevention.” Indeed, the European EUROASPIRE Study Group con-
ducted a retroactive study of current clinical practice in relation to
secondary prevention of CHD in patients 70 years and older.139 They
examined six major modifiable risk factors for CHD that could sig-
nificantly reduce morbidity and mortality by secondary prevention
(cigarette smoking, obesity, hypertension, blood cholesterol, dia-
betes, and advise relatives of patients with premature CHD to be
screened). Although there was a significant reduction in CHD mor-
bidity and mortality over time due to lifestyle improvements, the
study group concluded that “there is considerable potential for car-
diologists and physicians to further reduce coronary heart disease
morbidity and mortality. …” Thus, even though physicians counsel
more often for secondary prevention, there is still significant room
for improvement.
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Expenditures: disease treatment and health promotion

There has been considerable interest in the amount and types of medi-
cal services rendered late in life. The general impression is that a
greater proportion of health resources is currently devoted to termi-
nally ill patients than in the past. However, a 12-year evaluation showed
no evidence that people in the last year of their lives in 1988
accounted for a greater percent of Medicare expenditures than those
in1976.140 Thus, the yearly percent of the total Medicare budget
changed little during this period, fluctuating between 27.2% and
30.6%. Furthermore, Perls and Wood141 found that acute hospitaliza-
tion costs peaked in patients aged 70 to 79 years and declined with
age after that. Thus, the hospital costs for each admission for the
oldest old (i.e. 80 years and older) was less than that for the younger
elderly patients. The major reasons for the decreased costs were due
to less intense care and admission to non-teaching hospitals.

Unfortunately, despite the overall health improvements achievable
by preventive interventions, society continues to be burdened by pre-
ventable diseases, injury and disability. For example, in 1988 the
annual health care expenditures for CHD alone exceeded US$135
billion, and injury and disability US$170 billion.142 Yet, only 3% of
the national health expenditures was spent on disease prevention. As
noted by Furberg,143 many research projects have shown substantial
public health benefits from preventive measures. Yet, due to a marked
shortage for funding, as well as the organization of the National In-
stitutes of Health (NIH), prevention research usually receives very
low priority. It seems reasonable to assume that managed-care plans,
especially capitated Health Maintenance Organizations (HMOs),
would provide significantly more comprehensive health education
and health promotion benefits and programs to their members than
traditional indemnity health insurance and Preferred Provider Orga-
nizations (PPOs). One might also assume that large companies would
strongly encourage and reward their employees who participate in
healthy practices which should lead to decreased company health
insurance costs. Unfortunately, there is little evidence that either of
these possibilities take place to any significant extent. Indeed, “only
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35%–45% of California’s HMOs, and no PPO/indemnity plans, as-
sess the impact of health promotion programs on health risks and
behaviors, health status or health care costs.”144 Nevertheless, active
participation in health promotion strategies to modify risk factors
such as smoking, obesity and physical inactivity can result in signifi-
cant cost reductions. For example, Pronk et al.145 reported that ad-
verse health risks lead to significantly higher health care costs within
18 months. They suggested that health plans and payors interested in
minimizing health care charges should consider strategic investments
in programs that effectively reduce adverse health risks.

Health assessment and disease susceptibility

Most chronic diseases are usually not recognized until they are rela-
tively well advanced. Thus, an individual develops specific signs
and/or symptoms of a disease/disorder and then visits his/her phy-
sician. However, the time delay between disease onset and signs/
symptoms may be years (e.g. cancer and diabetes) or even decades
(e.g. atherosclerosis). Laboratory tests are now far more sensitive,
and often more specific, for detecting early disease than simply
assessing how one feels, looks or performs. They are also far more
sensitive than a history and physical examination in situations in
which a positive finding indicates that the disease is already present.
It is unfortunate, as stressed by Gambino,146 that a normal (nega-
tive) test result is of highest value to the patient but of “middling”
value to the physician who is interested in ruling out a disease; it is
of little or no value to the payer, who may mistakenly interpret a
“normal” result as a test not warranted and therefore a waste of
money. Nevertheless, a “normal” test result usually signifies
decreased risk or even absence of a particular disease and, if prop-
erly interpreted, may help differentiate among diagnoses that yield
normal results with different interpretations.147

Physicians and other health care workers, especially those trained in
medicine and interested in laboratory medicine, can play a very sig-
nificant role in reducing the major causes of death by assessing one’s
current level of “wellness” and susceptibility to various diseases.148
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In this setting, “wellness assessment,” which includes a careful evalu-
ation of a panel of laboratory tests in conjunction with a patient’s
personal profile consisting of age, sex, family medical history, blood
pressure, BMI (weight, kg/height, m2) and lifestyle (diet, physical
activity, smoking and alcohol or drug history, etc.) can lead to a rea-
sonable estimate of one’s current state of health, as well as their fu-
ture risk of developing various disorders/diseases. Table 1.3 gives a
few examples of a “target” (i.e. minimal premature risk of morbid-
ity/mortality) BMI (Chapter 2 contains a more complete BMI table
and discussion of this topic).

Early recognition that a risk factor for various diseases, including
coronary and cerebral vascular diseases, cancer, chronic obstruc-
tive pulmonary disease, diabetes and liver disease among others, is
extremely important to both the individual and society. Moreover,
testing is very cost-effective, especially if one adheres to the lifestyle
changes or medication necessary to improve one’s life expectancy
and quality of life, as well as decrease the costs of medical care.
The major diseases that may be identified in their early stages, or
increased risks for these diseases, by “wellness assessment” are
listed in Table 1.4.

In addition to these considerations, every older adult should re-
ceive an annual “flu shot.” Govaert et al.149 concluded that if healthy

Table 1.3: “Target” BMI* Related to Weight and Height

Height (Feet/Inches) Weight (Pounds; BMI 20) Weight (Pounds; BMI 24)

            5' 0" 100 125
            5' 2" 110 130
            5' 4" 115 140
            5' 6" 125 150
            5' 8" 130 155
            5' 10" 140 180
            6' 2" 155 190
            6' 3" 160 195
*20–24�“Target” (minimal premature morbidity/mortality); 25–26�low risk (overweight);

27–29�moderate risk (obese); 30–34�high risk (significant obesity); 35–39�very high
risk (morbid obesity); and �40�extremely high risk (extreme marked obesity).
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individuals aged 60 and over received an annual influenza vaccina-
tion, their chances of influenza would be reduced by 50%. Impor-
tantly, more than 90% of the mortality arising from influenza/
pneumonia occurs in this age group150 (No. 6 cause of death in the
US). Nevertheless, the Public Health Service predicted that only
about 60% of Americans received influenza vaccinations in the year
2000. Why don’t more elderly people get vaccinated? A recent re-
port indicated that these older individuals fear possible vaccination
side effects and their own perceived good health.151 These authors
concluded that “better and more specific information about the
paucity of systemic side effects” must be emphasized by health care
workers. How about influenza vaccination for healthy working adults
aged 18–50 years? A recent report found that vaccination is
also cost-effective “in most influenza seasons in healthy working
adults.”152

In addition to influenza vaccination, over 50% of elderly people
have not received a pneumococcal vaccination (Pneumovax). The
estimated annual incidence of pneumococcal bacteremia in those
aged 65 years and older is 50–83 cases/100,000. These infections
are not only associated with a very high fatality rate (about 40,000/
year), but Medicare costs for hospitalizations can reach US$1 bil-
lion/year.153 Importantly, a single life-time vaccination of the

Table 1.4: Major Identifiable Diseases/Disorders by Wellness Assessment

Accelerated aging
Atherosclerosis (coronary, cerebral and peripheral vascular diseases)
Cancer (various types)
Chronic obstructive lung diseases (mainly emphysema/chronic bronchitis)
Type 2 diabetes mellitus (non-insulin dependent diabetes mellitus; NIDDM)
Liver disease/cirrhosis
Hemochromatosis
Hypothyroidism and hyperthyroidism
Metabolic syndrome (Syndrome X)
Nutritional deficiencies (proteins, minerals and antioxidants)
Immune deficiencies
Anemia
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elderly against the pneumococcal microorganism is very
cost-effective.154,155 The most recent recommended adult guidelines
for Americans are as follows:156

Tetanus, diphtheria: A booster dose every ten years for all adults
          19 years and older.

Influenza: An annual dose for all adults 50 years and older. Adults
aged 19–49 years with medical or occupational indications
or household contacts with persons with indications should

           also receive an annual dose.
Pneumococcal: A single dose for all unvaccinated persons aged

65 years and older and other adults with medical or
other indications. Adults with immunosuppressive

   conditions should be revaccinated.
Hepatitis B: Three doses (zero, one to two months and four to six

months) for all adults with medical, behavioral,
occupational or other indications.

Hepatitis A: Two doses for adults with medical, behavioral,
   occupational or other indications.

Meningococcal: One dose for all adults with medical or other
     indications.

In addition, stools should be regularly tested for blood, women over
the age of 40–50 years should have periodic mammograms, and most
women should receive a regular “Pap” smear for uterine cervical can-
cer. Periodic colonoscopies should also be a part of one’s health evalu-
ation, especially for those with a family history of colorectal cancer.

It is clearly evident that a much better job educating the general pub-
lic regarding the health benefits, increased life expectancy, and qual-
ity of life associated with the prevention of these common diseases
by promoting their health, is extremely important. Only then will we
experience longer and more fruitful lives, and health care costs will
become far more manageable.

Following objective evaluation of the clinical information and labo-
ratory test results, a “rating” or “risk” profile can be produced which
compares prior test results with current ones to indicate possible
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changes (Fig. 1.3). A second similar scale may be used to represent
the estimated risk for various diseases (e.g. CHD, cancer, diabetes,
etc.). These visual indicators give the patient more specific and
useful information as to where they are and where they should be
with respect to disease susceptibility. Furthermore, specif ic
written recommendations to accompany each report (i.e. weight re-
duction, exercise program, specific dietary changes, antioxidant
supplements, etc.) would be highly useful. After all, “your patients
can’t follow instructions if they don’t understand.”157 Follow-up
appointments should be scheduled to discuss one’s progress and
for repeat testing and evaluation, the frequency depending on the
current risk factors and progress to date.

Wellness Assessment Tests

Oxidative stress

The air we breathe is truly a double-edged sword. We obviously need
it to survive, yet each breath results in the formation of highly

Figure 1.3: Risk/Rating Scale. The bars may represent various tests (i.e. cholesterol,
homocysteine, oxidative reserve capacity, etc.) and/or disease risk (CHD, cancer,
diabetes mellitus, etc.).
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reactive and potentially destructive chemical species known as free
radicals. Although the body has numerous mechanisms to prevent
their formation, or neutralize them once formed, there is an imbal-
ance such that free radicals are produced in excess. As such, oxygen-
derived free radicals have been associated with over 100 diseases
and disorders, as well as having a centrol role in aging.111 The major
medical conditions associated with increased free radical-induced
oxidative stress include arteriosclerosis, cancer, cataracts, macular
degeneration, type 2 diabetes, immune system deficiencies,
various neurodegenerative disorders and ischemia/reperfusion injury,
among others.

Tests that measure various aspects of oxidative stress have prima-
rily been limited to research laboratories. However, when the
importance of oxidative stress in disease and aging is more widely
recognized, quantitative measurements will become common. The
substances which undergo oxidative changes and the available tests
to measure them, include the following: (1) lipid peroxidation
(e.g. malondialdehyde, thiobarbituric acid reactive substances
(TBARS), 4-hydroxynonenal, conjugated dienes, lipid hydroper-
oxides, and breath analysis for pentane and ethane); (2) protein
oxidation (e.g. protein carbonyls and nitrotyrosine); (3) DNA
damage (e.g. 8-hydroxy-2-deoxyguanosine and other hydroxylated
bases);158 and (4) arachidonyl-containing lipids (e.g. F2-
isoprostanes).159

Whereas most of the lipid peroxidation tests are excellent
biomarkers of lipid peroxidation in vitro, they are less reliable as
an index of lipid peroxidation in vivo. However, F2-isoprostanes
are generated in large amounts in vivo and are a reliable marker
of lipid peroxidation in vivo.159 Importantly, F2-isoprostanes are
stable, they can be measured in all body fluids, and the assay is
highly precise and accurate. However, a more clinically useful
and economically feasible screening test of total body oxidative
stress is the measurement of the oxidative reserve capacity;160

importantly, automation of this technique has been reported.161

The oxidative reserve capacity is an estimate of one’s overall ability
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to cope with damaging reactive oxygen species and, therefore,
might serve as a general risk factor for the major free radical-
linked diseases/disorders. Moreover, several more recent tests have
been reported which measure total antioxidant capacity.162 How-
ever, these authors emphasized that under certain conditions these
tests may be misinterpreted since they do not all measure exactly
the same thing. As a result, a “battery” of tests which measure
slightly different aspects of the complex oxidative process is more
reliable than a single test. Although currently available only in
research and a few specialty laboratories, tests that measure
oxidative stress will become more accessible as physicians recog-
nize the importance of oxidative stress in aging and disease. A
critical review of the various tests that measure antioxidant
capacity has been recently published.163

Arteriosclerosis (coronary heart and cerebrovascular
diseases)

CHD is the leading cause of death and disability in both men and
women (Table 1.1); cerebrovascular disease (CVD) is the third lead-
ing cause of death. The annual direct and indirect costs of CHD for
1999 were estimated at US$274 billion, including lost productivity.164

It is an unfortunate misconception that CHD is widely considered a
“man’s disease” when, in fact, more women died of CHD in 1996
than men.164 This misconception by the general public, as well as by
many physicians, is perhaps due to the fact that men often suffer
from CHD during their 40s and early 50s, a time when very few
women are affected. However, following menopause, CHD in women
parallel the disease in men.165 To further illustrate the misconception
of the relative unimportance of CHD in women, Mosca et al.166

recently reported their findings that women do not perceive heart
disease as a major health problem. In this study, which involved 1000
women 25 years and older (65.8% white, 13.0% African American
and 12.6% Hispanic), only 8% of the respondants identified heart
disease and stroke as their greatest health concern and 33% identi-
fied heart disease as the leading cause of death in women. Conversely,
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about 61% regarded cancer as their greatest health concern. In addi-
tion, more than 70% of the partcipants reported that their physicians
had not discussed the risks of heart disease with them. Thus, it is
apparent that considerably more emphasis regarding the importance
of CHD and stroke must be emphasized not only to women, but to
physicians as well.

Table 1.5 lists the major arteriosclerotic risk factors, most of which
are generally well known [i.e. age, sex, obesity, smoking, physical
inactivity, diabetes, hypertension, increased serum total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C; “bad” cholesterol),
apolipoprotein B-100, triglycerides, and low serum levels of high-
density lipoprotein cholesterol (HDL-C; “good” cholesterol)].
Although less well-known and appreciated, the following are also
major risk factors for atherogenesis: increased serum TC/HDL-C
ratio, fibrinogen, Factor VII, homocysteine, uric acid, C-reactive
protein (C-RP), blood hematocrit, leukocyte count (mainly neutro-
phil and band counts), albumin, ferritin, and clinical depression.

Perhaps other less appreciated risks for CHD are various socioeco-
nomic factors such as low levels of personal income and education,
as well as occupation.165 Furthermore, a recent report indicated that

Table 1.5: Major Risk Factors For CHD and CVD

  Commonly Known/Understood      Less Known/Understood

Age Albumin
Sex Cholesterol/HDL-C ratio
Diabetes C-RP
Hypertension Depression
Socioeconomic status Factor VII
Increased TC Ferritin
Increased LDL-C Fibrinogen
Decreased HDL-C Hematocrit
Increased triglycerides Homocysteine
Overweight/obese Leukocyte count (neutrophils)
Physically inactive Neighborhood of residence
Smoking Uric acid level
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neighborhood of residence is also associated with CHD.167 These in-
vestigators found, after controlling for the socioeconomic factors,
that living in a disadvantaged neighborhood significantly increased
the risk for CHD.

Tests for arteriosclerosis

A 1981 literature review found “at least” 246 risk factors for CHD.168

Clearly, however, the more important risk factors are far fewer (Table
1.5). Laboratory tests are not only important in the identification of
risk factors for CHD, but also in other atherosclerotic diseases such
as CVD and peripheral vascular disease (Table 1.6).

(1) Blood Lipid Profile
The Expert Panel of the National Cholesterol Education Program
(NCEP) recently updated their recommendations on the detection,
evaluation and treatment of elevated blood cholesterol in adults (Adult
Treatment Panel III; ATP III).169 ATP III emphasized that LDL-C was
of major importance based on research from experimental animal
studies, laboratory investigations, epidemiology and genetic forms
of hypercholesterolemia. In addition, recent clinical trials have shown
that LDL-C lowering therapy significantly reduces the risk for CHD.
As a result, ATP III continues to consider increased plasma LDL
levels as the primary target of cholesterol-lowering therapy, although
other lipid moities are also recognized as being very important. As
such, they recommended that all adults 20 years and older should
have a fasting lipoprotein profile every five years (i.e. TC, LDL-C,

Table 1.6: Tests for Arteriosclerosis Risk Factors

Blood lipid profile

TC Hematocrit
HDL-C Ferritin
LDL-C White blood count
Triglycerides Homocyst(e)ine
TC/HDL-C ratio Uric acid
C-RP Fibrinogen
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HDL-C and triglycerides). The recommended risk guidelines are
presented in Table 1.7.

The panel also recognized that cigarette smoking, hypertension (blood
pressure � 140/90), low HDL-C, family history of premature CHD
and age (men � 45 years; women � 55 years) are also major risk
factors for CHD (see original publication for details regarding
recommended LDL-lowering drug therapy169).

(2) Total cholesterol/HDL-C Ratio
TC alone misclassifies a person’s risk for coronary heart disease about
40% of the time.146 Castelli and Anderson first emphasized that the
TC/HDL-C ratio is a highly reliable risk factor for coronary
heart disease.165 This ratio is, in many ways, the most informative
and least expensive routine lipid risk indicator for both coronary and
cerebrovascular diseases. Furthermore, it gives more than just a num-
ber; it gives a risk level that the patient can readily appreciate, under-
stand and remember. A compromise cutoff ratio of � 4.5 for adults
was suggested, although an “ideal” target is 3.5 or less. In this study,
the ratio range for most women with CHD was 4.6–6.4, while for
men it was 5.5–6.1; a ratio of 7.1 and 9.3 indicated twice the risk for

Table 1.7: 2001 NCEP Lipid Profile Guidelines169

LDL Cholesterol (mg/dl)
<100: Target level
100–129: Near or above optimal
130–159: Borderline high
160–189: High
�190: Very high

Total Cholesterol (mg/dl)
<200: Desirable
200–239: Borderline high
�240: High

HDL Cholesterol (mg/dl)
<40: Low
�60: High
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women and men, respectively;165 the average ratio for vegetarians
was 2.8 and 3.4 for Boston marathoners.

Numerous subsequent studies are in agreement that the TC/HDL-C
ratio is a highly reliable predictor for CHD. The ratio holds not only
in those with increased TC levels, but also in those with “desirable”
levels (i.e. < 200 mg/dL),170–173 as well as in women174 and the eld-
erly.175,176 In addition, the ratio was recently shown to be a major
baseline atherothrombotic biomarker for the development of periph-
eral vascular disease.177

(3) Fibrinogen
Many studies have shown that an elevated plasma fibrinogen level
signif icantly increases the risk for CHD;178,179 data from the
Framingham Study showed a progressive increase in CHD in men
and women with plasma levels above 1.25 g/L.180 A recent review of
18 prospective studies, including six in patients with either angina
pectoris or a history of prior myocardial infarction at baseline, con-
cluded that fibrinogen is a major risk factor for CHD.181 Coagulation
Factor VII has also been shown to be an important risk factor for
CHD.182

Although the determinants of plasma fibrinogen as a risk factor
for CHD are poorly understood, smoking, male gender, low
social class and the winter season were all associated with
increased plasma fibrinogen levels. These studies suggest that
elevated fibrinogen levels directly affect atherogenesis, add to
plasma and erythrocyte viscosity, stimulate platelet aggregation,
and increase the amount of fibrin deposition. Importantly, strenu-
ous physical activity reportedly lowers both plasma fibrinogen
and Factor VII levels.182

(4) Homocyst(e)ine
Homocytinuria is a rare inherited recessive disorder of homocys-
teine metabolism; markedly elevated serum homocyst(e)ine (i.e.
the sum of free and bound homocysteine plus homocystine and
homocysteine-cysteine mixed disulfide) levels are present. This
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metabolic disorder was first shown to be associated with severe
premature atherosclerosis in children.183 Subsequent studies
revealed that heterozygotes also had elevated homocyst(e)ine lev-
els and an increased incidence of CHD. Numerous recent studies
have now shown a significant positive correlation between CHD
and stroke with increased plasma homocyst(e)ine levels in per-
sons without a genetic link to homocystinuria.184–189 Recent stud-
ies have also shown that increased homocyst(e)ine levels are
associated with common carotid artery wall thickness190 and
stenosis,191 non-fatal stroke,192 recurrent venous thrombosis193 and
peripheral arterial occlusive disease.194 These latter workers also
reported a negative correlation between homocysteine levels and
vitamin B

12
and folic acid. Thus, deficiencies of these vitamins,

as well as B
6
, are all related to increased plasma homocyst(e)ine

concentrations;195,196 vitamin supplementation generally lowers
homocysteine plasma levels197–199 and thereby reduces the risk of
these atherosclerotic-related diseases.

(5) Uric Acid
Numerous studies,200,201 although not all,202 have suggested that an
increased serum uric acid level is a risk factor for CHD. Increased
serum uric acid levels have also been associated with obesity,
dyslipidemia and hypertension, all of which are associated with
increased CHD. Most recently, Fang and Alderman203 reported that
increased serum uric acid is an independent risk factor for
cardiovascular mortality. In this report, they found that deaths due
to CHD in both men and women increased when serum uric
acid concentrations were in the highest quartile compared
with the lowest quartile (men > 416 versus < 321 �mol/L;
> 7.0 versus < 5.4 mg/dL; risk ratio 1.77; for women > 333
versus < 238 �mol/L;> 5.6versus < 4.0 mg/dL; risk ratio 3.0).

(6) Hematocrit
Blood viscosity depends on a combination of erythrocyte
aggregatability and deformability, protein concentration, plasma vis-
cosity and the blood hematocrit. An elevated hematocrit was first
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recognized as a risk factor of acute myocardial infarction in the early
1960s.204,205 More recently, there has been further evidence that an
increased hematocrit is, indeed, an important risk factor for CHD.206,207

It has also been correlated with peripheral vascular abnormalities
and stroke.208 These clinical disorders progressively increase as the
hematocrit rises above 49%. Hence, individuals with elevated
hematocrits should be encouraged to donate blood often enough to
maintain levels below 50%. Here, the individual, transfusion service
and the anemic hospitalized patient will all benefit.

(7) Leukocyte Count
In 1974, Friedman and associates209 reported that the total white blood
count (WBC) was significantly higher in those who subsequently
suffered an acute myocardial infarction (AMI) compared with two
control groups: one matched for age, gender and race; the other in-
cluded these variables as well as other common risk factors (i.e. total
serum cholesterol, hypertension, etc.). Zalokar et al.210 prospectively
studied 7000 men for an average of 6.5 years. They found that among
smokers, the WBC correlated directly with the risk for AMI. Thus,
the incidence for AMI was four times greater in smokers whose WBC
was 9000/�L compared with smokers whose WBC was 6000/�L or
less. Similarly, a study of a Japanese cohort found a significant cor-
relation between the WBC and CHD.211 In addition, these authors
reported that the strongest cellular association was the neutrophil
count. A recent publication181 reviewed 19 prospective studies link-
ing an increased leukocyte count with CHD. The seven largest stud-
ies, involving 5337 cases, showed that individuals with leukocyte
counts in the top third had a combined risk ratio of 1.4 compared
with those in the bottom third.

To further examine the association between the WBC and AMI,
Barron et al.212 studied the WBC on admission and 30-day mortality
of 153, 213 patients aged 65 years and older who had an AMI. Their
findings showed a significantly higher risk for in-hospital events,
in-hospital mortality and 30-day mortality. Thus, compared with
patients in the lowest quintile, patients in the highest quintile were
three times more likely to die at 30 days (10.3% versus 32.3%). After
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adjustment for various confounders, the WBC was a strong indepen-
dent predictor for 30-day mortality (odds ratio, 2.37). As the authors
noted, their findings “have important clinical implications for risk-
stratifying patients with AMI.”

(8) C-Reactive Protein (C-RP)
As emphasized by Gambino,213 serum C-RP is a greatly underutilized
and unappreciated screening test for various inflammatory and in-
fectious diseases and tissue injury. Indeed, an increased C-RP level
is now recognized as an important risk factor for acute myocardial
infarction,214–216 ischemic stroke,214,215,217 sudden death from cardiac
causes218 and peripheral arterial disease.219 In a recent literature re-
view,181 seven prospective studies were examined, including two whose
patients had angina or a history of AMI at baseline. Together, the
overall risk ratio for AMI was 1.7 between the highest and lowest
third C-RP levels. Ridker and others214 also reported that the baseline
plasma C-RP level predicts the risk of future AMI and stroke. More-
over, they noted that the reduction associated with the use of aspirin
and the risk of a first AMI appeared to be directly related to the C-RP
value, suggesting that anti-inflammatory agents may have direct clini-
cal benefits in preventing AMI and stroke in addition to their anti-
thrombotic action on blood platelets. These researchers subsequently
reported that serum C-RP was an independent risk factor for CHD in
women.216 Their data suggested that the addition of a high sensitivity
C-RP test to the routine screening profile may improve the identifi-
cation of women at risk for cardiovascular events. Indeed, compared
with several other major risk factors [HDL-C, LDL-C, TC,
apolipoprotein B, homocysteine and lipoprotein (a)], the high sensi-
tivity C-RP measurement was the single strongest predictor of a fu-
ture vascular event. Others220 reported that increased C-RP levels are
predictors of negative coronary events in those with either stable or
unstable angina.

LDL-C is the major focus of current guidelines to determine the
risk of cardiovascular disease.221 Since cardiovascular events often
occur in the absence of hyperlipidemia, C-RP and LDL-C were
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measured at baseline in 27,939 healthy women (Women’s Health
Study) who were then followed for an average of eight years for the
occurrence of myocardial infarction, ischemic stroke, coronary
revascularization, or death from cardiovascular causes.222 After
adjusting for the usual confounders (i.e. age, smoking, diabetes
mellitus, blood pressure and hormone replacement therapy), the rela-
tive risks of first cardiovascular events according to increasing
quintile of C-RP, as compared with those in the lowest quintile,
were 1.4, 1.6, 2.0 and 2.3. The corresponding relative risks in in-
creasing quintiles of LDL-C compared with the lowest were 0.9,
1.1, 1.3 and 1.5. Thus, the authors concluded that “these data sug-
gest that C-RP level is a stronger predictor of cardiovascular events
than LDL-C …” Importantly, this study’s results are consistent with
published reports in diverse populations.223

An increased serum C-RP value as a predictor of AMI and stroke
is presumably related to several recent studies suggesting that
arteriosclerosis may be, in part, an infectious process due to
microorganisms such as Chlamydia pneumoniae.224,225 If so, it is
important to recognize that the “respiratory burst,” following
phagocytosis, results in the production of highly reactive oxygen-
derived free radicals which not only kill microorganisms, but
oxidize LDL (i.e. oxidative modification of LDL and the patho-
genesis of atherosclerosis).110

It should be noted that in addition to several other health benefits,
physical activity signif icantly improves the immune system
(Chapter 3). Indeed, Ford226 recently published data indicating that
increased physical activity is associated with lower serum C-RP
concentrations. Thus, the odds ratios for elevated C-RP levels were
0.98, 0.85 and 0.53 for individuals who engaged in light, moderate
and vigorous physical activity, respectively.

(9) Serum Albumin
Danesh and associates181 reviewed eight prospective, population-based
studies of albumin and CHD involving a total of 3770 cases with a
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weighted mean age at baseline of 64 years and a mean follow-up of
11 years. These studies were all adjusted for smoking and choles-
terol levels; several also adjusted for blood pressure, obesity and
socioeconomic status. At baseline, those with serum albumin levels
in the lower third (mean 3.8 g/dL), compared with those in the upper
third (4.2 g/dL), had a significantly increased risk for CHD (risk
ratio 1.5).

The authors noted that although various theories have been pro-
posed to explain the relationship between low serum albumin lev-
els and CHD, none were fully satisfactory. They proposed that the
consistency of the association of decreased serum albumin levels
and CHD with other diseases is the most probable explanation.
However, it should be noted that decreased serum albumin levels
are frequent in the elderly and others in whom protein malnutrition
is common. As a result, these individuals have a decreased intake
of critical antioxidants, which have been repeatedly shown to be
inversely associated with increased CHD, stroke, cancer and other
diseases110 (see Chapter 4).

(10) Serum Iron Levels
Based on the theory of oxidative modification of LDL and athero-
genesis,227 it is reasonable to assume that increased serum iron would
be associated with an increased risk for CHD. Indeed, Salonen
et al.228 published “the first solid evidence” supporting this theory
which was first put forth by Sullivan in 1981.229,230 Their study
indicated that for every 1% rise in serum ferritin, there was a 4%
increase in the risk of AMI. More specifically, men with serum fer-
ritin levels of 200 �g/L (200 ng/mL) or more had a 2.2-fold increase
in the risk for AMI compared with those whose ferritin levels were
less than 200 �g/L. Conversely, two subsequent reports indicated that
iron stores were not related to CHD.231,232 However, two more recent
publications have given significant support for this proposal. These
studies showed that heterozygosity for hereditary hemochromatosis
was associated with an increased risk of cardiovascular disease in
both women233 and men.234
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Cancer

Since the US has no nationwide cancer registry, the number of new
cancer cases are estimated.235 Thus, there were an estimated 1,284,900
new cancer cases and 555,500 cancer deaths in the United States in
2002.236 The major forms of cancer and the number of predicted cases
in men and women for 2002 are presented in Table 1.8; the estimated
number of major cancer deaths in 2002 is presented in Table 1.9.
Racial and ethnic minorities account for a disproportionate number
of malignant diseases. Indeed, African Americans reportedly have a
10% higher incidence rate and a 30% higher death rate from all
cancers combined than whites.237 The major reasons for this higher
cancer incidence and death rate in African Americans include lower
socioeconomic status (e.g. lower education level, poor nutrition and
decreased health care) and increased risk-promoting lifestyles (e.g.
physical inactivity, overweight/obesity and cigarette smoking).

The financial costs of cancer diagnosis and treatment are enormous;
several examples will be cited. Will and associates238 estimated the
lifetime costs of breast cancer in a cohort of 17,700 Canadian women
diagnosed in 1995. They found that the lifetime treatment cost per
case varied by stage, from US$36,340 for Stage IV (metastatic

Table 1.8: Estimated US Cancer Cases in 2002236

                   Site     Men  Women  Total

Oral cavity and pharynx 18,900 10,000 28,900
Digestive system 130,300 120,300 250,600
Lung and bronchus 90,200 79,200 169,400
Breast 1500 203,500 205,000
Prostate 189,000 – 189,000
Uterine cervix – 13,000 13,000
Uterine corpus – 39,300 39,300
Ovary – 23,300 23,300
Urinary system 62,200 28,500 90,700
Brain and nervous system 9600 7400 17,000
Thyroid 4900 15,800 20,700
Non-Hodgkins lymphoma 28,200 25,700 53,900
Leukemia 17,600 13,200 30,800
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disease) to US$23,275 for Stage 1. The total cost for the 17,700 cases
was estimated at over Canadian $454 million. Hospitalization, mainly
for initial treatment and terminal care, accounted for 63% of the total
costs. Others239 estimated the annual cost in 1997 for breast and gy-
necological cancers in American women at US$5 billion. Other re-
ports estimated the average cost/case as follows: colon, US$33,700,240

rectum US$36,500240 and prostate US$19,755.241 In the 1997 cohort
of 5.8 million Canadian men, aged 40–80 years, an estimated
701,491would develop prostate cancer; the total direct medical cost
was estimated at Canadian $9.76 billion.242

Epidemiologic studies indicate that cancer is largely an avoidable
disease. Indeed, cigarette smoking and a poor diet account for an
estimated 65% of all cancer deaths.243 The major risk factors for the
most common malignancies, in addition to genetics, include
smoking (cancer of the lung, oropharynx, kidneys and bladder),244,245

poor diet 246 with insufficient essential antioxidants (i.e. vitamins C,

Table 1.9: Estimated US Cancer Deaths in 2002236

Site   Total   Men   Women

Digestive tract 132,300 70,800 61,500
Colon 48,100 23,100 25,000
Pancreas 29,700 14,500 15,200
Liver 14,100 8900 5200
Stomach 12,400 7200 5200
Esophagus 12,600 9600 3000

Respiratory system 161,400 94,100 67,300
Lung and bronchus 154,900 89,200 65,700

Breast 40,000 400 39,600
Genital system 57,100 30,900 26,200

Ovary 13,900 – 13,900
Uterine corpus 6600 – 6600
Uterine cervix 4100 – 4100
Prostate 30,200 30,200 –

Urinary system 24,900 16,200 8700
Brain/nervous system 13,100 7200 5900
Lymphoma 25,800 13,500 12,300
Multiple myeloma 10,800 5500 5300
Leukemia 21,700 12,100 9600
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E, etc.)247,248 and other micronutrients (e.g. selenium),249,250 obesity
and high fat intake (cancer of prostate,251 breast and colon252,253),
excessive alcohol intake (breast),254 and overexposure to various tran-
sition metals (e.g. nickel),255 and ultraviolet light (skin),256 among
others (Table 1.10). Moreover, the relationship between oxidative
stress and cancer has been repeatedly emphasized by numerous epi-
demiologic studies reporting a direct relationship between dietary
antioxidant intake and the incidence of various malignancies.257–261

Floyd and associates262 first demonstrated that DNA damage by the hy-
droxyl radical results in the formation of 8-hydroxyguanosine, which
can be measured in the urine. This finding has been repeatedly verified
and the topic of oxyradicals and cancer has been reviewed.257,258 Impor-
tantly, 8-hydroxyguanosine and other hydroxylated bases may prove to
be important markers for cancer susceptibility; however, clinical studies
have yet to be reported. Since the oxidative reserve capacity is an overall
measure of oxidative stress, this test may also serve as a general guide to
cancer susceptibility.158

Thyroid dysfunction

Both hypo- and hyperthyroidism increase with age; both disorders
are significantly more common in women. Signs and symptoms of
these disorders may be atypical or mild and thought to be merely
signs of “old age” or represent mild psychiatric problems. Abnormal
test results are also commonly present in subclinical cases.

Table 1.10: Major Risk Factors For Cancer

Environmental pollutants
Excess alcohol intake
Genetics
Poor nutrition (inadequate antioxidants, micronutrients, fiber and excess fat)
Obesity
Sedentary lifestyle
Smoking
Transition metals (Ni, Cd, etc.)
Ultraviolet light
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Some physican organizations have not recommended routine screen-
ing for occult thyroid disease.263 On the other hand, Danese et al.264

presented important evidence that periodic screening for mild thy-
roid failure is as cost-effective as estrogen replacement therapy,
exercise and breast cancer screening. In addition, their data indi-
cated that it is as favorable a strategy as screening either men or
women of comparable ages for hypertension. These investigators
recommended periodic measurement of serum thyroid stimulating
hormone (TSH) in all patients, especially but not exclusively
women, aged 35 years and older who are undergoing periodic health
examinations.

More recent reports also support these latter recommendations.
Canaris et al.265 in a cross-sectional study involving 25,862 partici-
pants, found the prevalence of abnormal thyroid function to be sub-
stantial with increased TSH levels in 9.5% of the study group and
decreased levels in 2.2%. Moreover, recently reported guidelines from
the American Thyroid Association266 recommend that all adults be
screened by measuring serum TSH concentration beginning at age
35 years and every five years thereafter. They emphasized that al-
though screening is particularly important in women, it is also cost-
effective in men.

Type 2 diabetes (NIDDM)

There were an estimated 10.4 million Americans with diabetes in
1998, an increase of 2.9 million since 1980;267 at least six million
others have the disease but have not been diagnosed. Of the several
types of diabetes, type 2 accounts for about 90% of the total Ameri-
can cases. Unfortunately, these individuals have the disease, on aver-
age, at least four to seven years before the diagnosis is made.268 Boyle
and associates269 recently projected the number of people with diabe-
tes in the US through the year 2050. Their data indicates that the
number of Americans with diagnosed diabetes will increase 165%
from 11 million in 2000 (prevalence of 4.0%) to 29 million in 2050
(prevalence of 7.2%). They predicted that the largest group will
involve those 75 years of age and older. The fastest growing ethnic
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group will be black males (+363%) followed by black females
(+217%), white males (+148%) and white females (+107%). Of the
projected increase, 37% will be due to demographic composition,
27% to population growth and 36% to increasing prevalence rates.

Diabetes mellitus is currently listed as the sixth most common cause
of death in the US (Table 1.1); it reportedly leads to more than 68,000
deaths/year with an annual total medical cost of at least US$100 bil-
lion.270 However, the true figure is probably significantly higher since
type 2 diabetes is a major risk factor for CHD, stroke, renal failure,
hypertension and blindness. The major risk factors for type 2 diabe-
tes are a positive family history, obesity and decreased physical
activity.271,272 In 1998, the World Health Organization (WHO) reported
that 54% of American adults were overweight; 22.5% were clinically
obese compared to 14.5% less than 20 years previously.271 Indeed, a
recent report involving 84,941 female nurses showed that 91% of
type 2 diabetes could be attributed to lifestyle.273 The single most
important risk factor was overweight/obesity. Exercise, poor dietary
habits and smoking were also significant risk factors even after cor-
recting for BMI. This epidemic of type 2 diabetes and obesity was
recently reviewed.274 Importantly, diabetes is also associated with a
significant increase in oxidative stress.158

Recent recommendations were made that a fasting plasma glu-
cose level of 110–125 mg/dL (6.1–6.9 mmol/L) indicates impaired
glucose tolerance while a fasting plasma level of 126 mg/dL
(7.0 mmol/L) is the cut-off level for type 2 diabetes (previous fast-
ing glucose concentration for NIDDM was 140 mg/dL; 7.8 mmol/
L).275 Fasting glucose levels of 110 mg/dL or greater should prob-
ably result in automatic testing for glycosylated hemoglobin
(HbA

1C
). The WHO criteria for the diagnosis of NIDDM also rec-

ommends a fasting glucose level of 126 mg/dL or higher, as well
as a two-hour glucose level from an oral glucose tolerance test
(OGTT) of 200 mg/dL or higher. In this regard, a recent publica-
tion compared the WHO and American Diabetes Association di-
agnostic criteria for type 2 diabetes.276 This study involved 18,048
men and 7316 women 30 years of age or older who were followed
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for a mean of 7.3 years. They used the following criteria for fast-
ing glucose: normal, less than 110 mg/dL; impaired glucose
tolerance, 110–125 mg/dL; and diabetes, 126 mg/dL or higher.
Using the WHO criteria of fasting glucose level of 126 mg/dL or
higher and a two-hour glucose level of 200 mg/dL or more from
the OGTT, the hazard ratios for death in those with newly diag-
nosed diabetes were 2.02 for men and 2.77 for women. The haz-
ard ratios for death in subjects with impaired glucose tolerance
(two-hour glucose of 141–200 mg/dL) were 1.51 for men and 1.60
for women. Increased mortality was particularly evident in those
with impaired glucose tolerance according to two-hour glucose
levels following an OGTT, despite having normal fasting levels.
The authors concluded that fasting glucose levels alone do not
identify individuals at increased risk of death associated with
hyperglycemia. They stated that the OGTT provides additional
prognostic information and detects those with impaired glucose
tolerance who have the greatest risk of death from hyperglycemia.

Hemochromatosis

Hemochromatosis is a recessively inherited disorder of iron me-
tabolism which is characterized by increased gastrointestinal ab-
sorption of iron. Population studies suggest that one in 200–250
Americans have the disease while approximately one in ten are het-
erozygotes. It has been suggested that the excess iron promotes the
production of oxygen-derived free radicals and lipid peroxidation,
which damage liposomal membranes with the release of enzymes,
which in turn cause cellular injury.277 The major clinical manifesta-
tions of hemochromatosis include hepatic and cardiac dysfunction,
diabetes mellitus, arthropathy, endocrine failure and changes in skin
pigmentation.

Routine screening for hemochromatosis has been suggested278 since
(1) it is a common disorder and frequently missed until tissue injury
has occurred, (2) it has the potential to cause significant morbidity
and mortality, (3) there is a long asymptomatic period, (4) there is
safe effective therapy (phlebotomy), and (5) simple screening tests
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are available. Several other studies also reported that adult screening
by measuring serum iron and iron binding capacity (transferrin) is
cost-effective.279–281 Edwards and Kushner278 recommend that the
threshold transferrin saturation value after fasting should be set at
60% for men and 50% for women. In these cases, a follow-up serum
ferritin concentration greater than twice the upper reference level
generally indicates the need for a liver biopsy for morphological study
and iron quantitation. Diagnostic and therapeutic algorithms have
been suggested.278,282

Immune function

Aging is commonly accompanied by a decrease in immune function.
However, much of this loss is due to secondary factors and are unre-
lated to the aging process per se. In this regard, protein calorie under-
nutrition, common in the otherwise healthy elderly, is characterized
by serum albumin levels below 3.8 g/dL (also present in hepatic
disorders and chronic inflammatory conditions). Serum transferrin
levels have also been suggested as an indicator of chronic protein
deficiency. Thus, Grant et al.283 found that serum transferrin values
of 150–200 mg/dL, 100–150 mg/dL and less than 100 mg/dL are
indicative of mild, moderate and severe protein deficiency, respec-
tively. Immune dysfunction is also a phenomenon of protein defi-
ciency and is often characterized by a total lymphocyte count less
than 1800 cells/�L (normal 2000–3500 cells/�L). These people of-
ten respond poorly to skin tests for mumps and/or Candida antigens
and are more prone to become infected with various microorganisms
including Mycobacteria, Listeria and Salmonella.284 Moreover,
Chandra285 found that protein deficiency impairs several complement
system components, mucosal secretory IgA antibodies, antibody af-
finity and phagocyte killing of ingested bacteria and fungi.

Older individuals are also commonly undernourished in various
micronutrients (vitamins and minerals) which have been shown to
significantly affect the immune system. Thus, supplementation with
vitamins A, C and E,286 only vitamin E,287 or a multi-vitamin/
mineral preparation288 all improved the immune response in elderly
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people (i.e. increased IL-2 levels and various T-lymphocyte
subsets, improved mitogen responsiveness and antibody response
to tetanus vaccine). In addition, zinc is not only important in wound
healing, taste acuity, prostaglandin metabolism and as an impor-
tant antioxidant, but it is important in the immune system.289 Here,
Duchateau et al.290 showed that zinc supplementation resulted in
the following: (1) increased number of circulating T-cells; (2) im-
proved delayed hypersensitivity reactions; and (3) increased IgG
levels in response to tetanus vaccine.

These studies suggest that the evaluation of serum albumin and trans-
ferrin levels, total lymphocyte count and oxidative reserve capacity
may all be useful in evaluating one’s ability to respond to various
antigenic stimuli.

Metabolic syndrome (syndrome X)

The metabolic syndrome is present in individuals meeting three or
more of the following criteria:165,291

• abdominal obesity: waist circumference >102 cm (40.2 inches)
in men and 88 cm (34.6 inches) in women;

• hypertriglyceridemia: �150 mg/dL (1.69 mmol/L);
• low HDL-C: <40 mg/dL (1.04 mmol/L) in men and <50 mg/dL

(1.29 mmol/L) in women;
• elevated blood pressure: �130/85 mm Hg; and
• elevated fasting glucose: �110 mg/dL (�6.1 mmol/L).

Individuals with the metabolic syndrome are at increased risk for
developing type 2 diabetes and cardiovascular disease; they are also
at increased mortality risk from all causes.

Unfortunately this syndrome is highly prevalent and appears to be
steadily increasing. Recently published unadjusted and age-adjusted
findings for the syndrome were 21.8% and 23.7%, respectively.292

The prevalence increased from 6.7% in persons 20–29 years of age
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to 43.5% and 42.0% for persons aged 60–69 years and 70 or more
years, respectively. The age-adjusted prevalence among Mexican
Americans was 31.9% (the highest of all groups). The prevalence
among men and women were similar (24.0% and 23.4%, respectively),
although African American women had a 57% higher prevalence than
men and Mexican American women were 26% higher than men. Using
the 2000 census data, the authors estimated that 47 million US adults
have the metabolic syndrome.

Miscellaneous disorders/laboratory tests

Prostate specific antigen (PSA)

Routine screening for prostate cancer with serum PSA is still
controversial despite its obvious popularity.293–296 There is little
question that PSA testing and digital rectal examination can ef-
fectively detect prostate cancer in its early stages. Moreover,
recent evidence suggests that radical prostatectomy may reduce
prostate cancer mortality. However, the balance between the
potential benefits (i.e. reduced morbidity and mortality) and
harms (i.e. false-positive results, unnecessary biopsies, possible
complications and costs) of early surgery remains uncertain.
Ongoing clinical trials, the results of which are probably several
years away, should help clarify the problem. In the meantime,
no US medical organization currently endorses universal or mass
screening for any group of men. Indeed, the US Preventive
Services Task Force (USPSTF) recently published their recom-
mendation and rationale for prostate cancer screening.297 They
concluded that “Screening is associated with important harms,
including frequent false-positive results and unnecessary anxi-
ety, biopsies and potential complications of treatment of some
cases of cancer that may never have affected a patient’s health.
The USPSTF concludes that evidence is insufficient to deter-
mine whether the benefits outweigh the harms for a screened
population.” The issues regarding prostate cancer screening have
been recently reviewed.298,299
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Chemistry profile

A chemistry profile consisting of electrolytes (sodium and potas-
sium), urea nitrogen and creatinine (renal function), aspartate and
alanine aminotransferases, lactate dehydrogenase (hepatitis B and C,
chronic alcoholism, hemochromatosis and occult malignancy), uric
acid (gout and CHD), total protein and albumin (protein malnutri-
tion and chronic inflammatory process), and direct and total biliburin
(Gilbert’s Syndrome and liver function) is very important in estab-
lishing the health status of several organ systems.

Magnesium, zinc and selenium

Serum magnesium is also a very important, albeit greatly
under-utilized, analyte; it is a co-factor for over 325 enzymes.300 Im-
portantly, 10% of the so-called “healthy elderly” were found to be
hypomagnesemic when serum was analyzed. When erythrocyte Mg
was quantif ied, however, 20% were hypomagnesemic.301 The
minimum Mg recommended intake is 350 mg/day, although
450–500 mg/day is preferred. The average American reportedly
consumes only 175–225 mg/day.302

As more is learned and appreciated regarding the pathogenesis of
various diseases, as well as the aging process, it may be useful to
measure serum zinc and selenium levels since both are commonly
decreased in older people. Moreover, the measurement of various
antioxidants (i.e. vitamins C and E, carotenoids and flavonoids) to
assess deficiencies due to poor nutrition and/or malabsorption may
be useful in selected cases. Furthermore, quantitation of the major
antioxidant enzymes (i.e. glutathione peroxidase, glutathione reduc-
tase, catalase and superoxide dismutase) for identification of genetic
deficiencies may also prove beneficial in some individuals.

Chapter Summary

The US faces a tremendous impending “elder boom” as those born
in the post-World War II era become older. In addition, people are
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living much longer than ever before. As a result, medical costs will
continue to escalate and quality medical care may become more
difficult to obtain. Nevertheless, this scenario need not be the case
since the ten most common causes of disease and death in the US
are, to a significant extent, lifestyle-related. Hence, we must con-
centrate our efforts on improving our lifestyles which include the
following: increased physical activity, weight control, improved
nutrition, better health education and decreased frequency of unde-
sirable personal habits (e.g. smoking, alcohol/drug abuse, unsafe
sex, etc.). Moreover, funding for research, treatment, health pro-
motion and patient behavioral counseling must be significantly
increased. These actions will not only improve the quality of life
and increase the average life expectancy, but significantly decrease
medical costs. The US Department of Health and Human Services
recently published their health goals for the year 2010 (Healthy
People 2010).303 Hopefully, these recommendations will be widely
publicized in such a way that the American people will grasp
their importance and put forth the effort to successfully achieve
them. After all, as the Greek saying goes, “die young as late in life
as possible.”
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2
Overweight and Obesity:
Associated Health Risks and
Economic Costs

Introduction

Obesity, now acknowledged as an epidemic in industrialized coun-
tries, has mainly developed during the last quarter of the 20th cen-
tury. Moreover, obesity is emerging as a worldwide phenomenon,
affecting not only wealthy and middle-income people in developed
countries but in countries generally considered to be poor.1,2 Indeed,
about 315 million people worldwide fall under the World Health
Organization’s (WHO) definition of obesity (body mass index
(BMI) � 30 kg/m2),3 and more than this are undoubtedly overweight
(BMI 25–29.9 kg/m2). Although the prevalence of obesity
varies with socioeconomic status, it is not consistently so since in
developed countries obesity is associated with a greater prevalence
of poverty, especially in women. In developing countries, however,
relative affluence carries a greater risk.4 In addition, overweight dur-
ing childhood and adolescence is associated with overweight and
obesity during adulthood.5

Data from the Third National Health and Nutrition Examination
Survey (NHANES III; 1988–1994) indicated that approximately
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14% of children and 12% of adolescents were overweight.6 More-
over, compared with previous studies, the prevalence of overweight
had increased significantly from 1976–1980 to 1985–1991 (from
7.6% to 10.9% for children; 5.7% to 10.8% for adolescents; and
25.4% to 33.3% for adults). The prevalence of overweight was also
higher among blacks than among whites. Recent data indicates that
the obesity epidemic continues unabated. For example, Mokdad
et al.7 reported a significant increase in obesity from 1991 through
1998. The greatest increase was found in the following groups:
18- to 29-year-olds (7.1–12.1%), those with some post-high school
education (10.6–17.8%), and those of Hispanic ethnicity (11.6–
20.8%). The increased prevalence also varied by region, ranging
from 31.9% for mid-Atlantic to 67.2% for the South Atlantic, as
well as by state (11.3% for Delaware to 101.8% for Georgia). Oth-
ers8 reported the prevalence and trends of obesity among American
adults in 1999–2000. Compared with the NHANES III report, the
age-adjusted obesity prevalence increased by 7.6% (22.9% versus
30.5%). Moreover, morbid (Class 3) obesity increased from 2.9%
to 4.7%. Morbid obesity was recently reported to be highest among
black women (6.0%), persons with less than a high school educa-
tion (3.4%), and was inversely related to body height in both men
and women.9

Americans are among the most overweight people in the world. By
the most recent findings and stringent definition, about 34% of Ameri-
can adults are overweight and another 27% are obese (total 61%).10

Of perhaps even greater concern is that the number of obese Ameri-
can adults has increased by more than 50% over the past two
decades; the number of overweight children has also doubled.11 Over-
weight and obesity in adults not only greatly increase the risk for
numerous diseases/disorders (i.e. coronary heart disease (CHD),
stroke, diabetes, some cancers, hypertension, gall bladder disease,
among others), but place a tremendous economic burden on health
care systems (see under “Economic Costs of Obesity and Physical
Inactivity”). To alter this obesity trend, strategies and programs for
weight control, as well as weight reduction, must become a major
national public health priority.
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What is the driving force behind the obesity epidemic? Although
biology clearly contributes to individual differences in height and
weight, the rapid weight gain over the past 20–30 years is primarily
the result of environmental changes. Indeed, the current environ-
ment in the United States and other industrialized nations encour-
ages the consumption of energy-rich foods and discourages energy
expenditure. Thus, the availability of a wide variety of tasty, inex-
pensive, energy-rich foods served in large portions are a major
contributor to the problem. Although portion sizes vary by the food
source, the largest portions are consumed at fast food establish-
ments and in the home. Nielsen and Popkin12 reported that between
1977 and 1998, the energy intake and portion size of salty snacks
increased by 93 kcal, soft drinks by 49 kcal, hamburgers by 97 kcal,
french fries by 68 kcal, and Mexican food by 133 kcal. Moreover,
the reduction in energy expenditure due to extensive television view-
ing, video games, surfing the Web, reduction in the number of jobs
requiring physical labor, and a decrease in leisure-time and school-
sponsored physical activity are also very important contributors to
the epidemic.

Definitions of Overweight and Obesity

One of the major difficulties in accurately assessing the prevalence
and consequences of being overweight or obese is the controversy
involving their definitions. As a result, studies are not standard-
ized. Historically, the medical case against obesity began with the
Metropolitan Life Insurance Company tables which def ined
the “normal” weight range.13 Based on thousands of policy holders,
the tables indicated a progressive increase in the risk for premature
death with increasing weight above the “desirable weight” [i.e. 126
pounds (57 kg) for a 5’4” (1.65 m) woman and 154 pounds (70 kg)
for a 5’10” (1.78 m) man]. These tables, however, have several major
limitations including primary reliance on white populations,
invalidated estimate of frame size, and the use of data-based
mortality figures which may not accurately reflect obesity-related
co-morbidities.14
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Body mass index (BMI)

The relative body weight is related to the body mass index (BMI),
which is defined as a person’s weight in kg divided by the square of his
or her height in meters [BMI � weight (kg)/height (m2);
Table 2.1]. To calculate the BMI using pounds and inches, divide the
weight in pounds by the square of the height in inches and multiply the
result by 704.5. The 1995 Dietary Guidelines for Americans15 recom-
mended that a “healthy weight” for adult men and women corresponds
to a BMI of 19 to 24.9 kg/m2. The 1998 National Institutes of Health
(NIH) guidelines define overweight when the BMI exceeds 25 kg/m2

(i.e. 25–29.9 kg/m2) and obesity of 30 kg/m2 and above. These latter
figures are also consistent with the WHO recommendations.16 Here, a
BMI of 25 to 29.9 kg/m2 indicates grade 1 obesity (overweight); a BMI
of 30 to 39.9 kg/m2 equals grade 2 obesity (obese); and a BMI of 40
kg/m2 or more equals grade 3 obesity (morbid obesity). In their recent
book Living to 100, Perls and Silver17 suggested the following correla-
tion between the BMI and morbidity/mortality: 25–26 kg/m2 is mildly
overweight and has low risk; 27–29 kg/m2 is obese with moderate risk;
30–34 kg/m2 is significant obesity with a high risk; 35–39 kg/m2 is
morbid obesity and very high risk; and 40 kg/m2 or above is extreme
morbid obesity with an extremely high risk. A more general, albeit less
accurate, guide is indicated by the data in Table 2.2. These “healthy
weight ranges” have been suggested for men and women;18 the higher
weights apply primarily to men, who have more bone and muscle
mass, while the lower weights are more applicable to women. From
this data, it is apparent that the BMI is a more accurate indicator of
adiposity than weight-for-height tables, although neither measures body
fat level.19 In addition, BMI does not incorporate the distribution of
body fat, which is also a predictor of health risk. As a result, both body
fat distribution and BMI are useful in evaluating health risk.
Moreover, since body fat is not measured directly, some muscular
individuals may be misclassified as being overweight or even obese
using BMI alone.

Defining obesity as a BMI of 30 kg/m2 and above, Flegal et al.20

reported that about 25% of American women and 20% of American
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Table 2.1: Body Mass Index For Various Weights and Heights*

Weight 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215

Height
   5'0" 20 21 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
   5'1" 19 20 21 22 23 24 25 26 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
   5'2" 18 19 20 21 22 23 24 25 26 27 27 28 29 30 31 32 33 34 35 36 37 37 38 39
   5'3" 18 19 19 20 21 22 23 24 25 26 27 27 28 29 30 31 32 33 34 35 35 36 37 38
   5'4" 17 18 19 20 21 21 22 23 24 25 26 27 27 28 29 30 31 32 33 33 34 35 36 37
   5'5" 17 17 18 19 20 21 22 22 23 24 25 26 27 27 28 29 30 31 32 32 33 34 35 36
   5'6" 16 17 18 19 19 20 21 22 23 23 24 25 26 27 27 28 29 30 31 31 32 33 34 35
   5'7" 16 16 17 18 19 20 20 21 22 23 23 24 25 26 27 27 28 29 30 31 31 32 33 34
   5'8" 15 16 17 17 18 19 20 21 21 22 23 24 24 25 26 27 27 28 29 30 30 31 32 33
   5'9" 15 16 16 17 18 18 19 20 21 21 22 23 24 24 25 26 27 27 28 29 30 30 31 32
  5'10" 14 15 16 17 17 18 19 19 20 21 22 22 23 24 24 25 26 27 27 28 29 29 30 31
  5'11" 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 26 26 27 28 29 29 30
   6'0" 14 14 15 16 16 17 18 18 19 20 20 21 22 22 23 24 24 25 26 26 27 28 28 29
   6'1" 13 14 15 15 16 16 17 18 18 19 20 20 21 22 22 23 24 24 25 26 26 27 28 28
   6'2" 13 13 14 15 15 16 17 17 18 19 19 20 21 21 22 22 23 24 24 25 26 26 27 28
   6'3" 12 13 14 14 15 16 16 17 17 18 19 19 20 21 21 22 22 23 24 24 25 26 26 27
   6'4" 12 13 13 14 15 15 16 16 17 18 18 19 19 20 21 21 22 23 23 24 24 25 26 26

*Unclothed weight in pounds, barefoot height in feet (') and inches (")
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men are in the obese category. The prevalence of obesity is even greater
in some minority groups; approximately 37% of non-Hispanic black
women are obese as are 34% of Mexican American women. These
authors also noted that although the percentage of overweight people
has remained relatively constant over the past 30 years, the prevalence
of obesity has increased more than 50% within the past ten to 15 years.
In a subsequent study on the prevalence of obesity and overweight in the
US, these researchers21 reported that the increases in the prevalences of
obesity and overweight continued in 1999–2000. Thus, the age-adjusted
obesity prevalence was 30.5% in 1999–2000 compared with 22.9% in
1988–1994. The prevalence of overweight (i.e. BMI � 25 kg/m2)
during this time increased from 55.9% to 64.5%. Moreover,
extreme obesity (BMI � 40 kg/m2) increased from 2.9% to 4.7%.

Body fat distribution

Waist circumference

As noted above, body fat distribution is also a major predictor of
disease risk. Body fat may distribute primarily around the hips and
thighs (gynoid obesity; lower body fat; “pear” shape) or in the abdo-
men (android obesity; upper body fat; “apple” shape). Numerous
reports have emphasized that individuals with the android obesity

Table 2.2: Healthy Weight Ranges for Adults*18

Height Weight Height Weight

  5'0" 97–128 5'10" 132–174
  5'1" 101–132 5'11" 136–179
  5'2" 104–137 6'0" 140–184
  5'3" 107–141 6'1" 144–189
  5'4" 111–141 6'2" 148–195
  5'5" 114–150 6'3" 152–200
  5'6" 118–155 6'4" 156–205
  5'7" 121–160 6'5" 160–211
  5'8" 125–164 6'6" 164–216
  5'9" 129–169

*Unclothed weight in pounds, barefoot in the feet (') and inches (")
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pattern are particularly susceptable to various metabolic disorders
(i.e. hypertension, glucose intolerance and dyslipidemia).22

Waist circumference has been suggested as a simple measurement to
identify those at health risk both from being overweight and from hav-
ing a central fat distribution. Lean et al.23 compared waist circumfer-
ence with BMI and the waist : hip ratio. They found that a waist
circumference � 94 cm (� 37 inches) for men and � 80 cm (� 31.5
inches) for women identified those with high BMI (� 25), as well as
those with lower BMI but with a high waist : hip ratio (� 0.95 for
men; � 0.80 for women); the sensitivity was � 96% and the specific-
ity > 97.5%. A waist circumference > 102 cm (> 40.2 inches) for men
or � 88 cm (� 34.6 inches) for women identified people with BMI of
30 kg/m2 or above, as well as those with a lower BMI but with a high
waist : hip ratio; again the sensitivity was � 96% while the specificity
increased slightly (� 98%). The authors concluded that men with a
waist circumference � 94 cm (� 37 inches) and women � 80 cm
(� 31.5 inches) should gain no further weight; men with a
waist circumference � 102 cm (� 40.2 inches) and women � 88 cm
(� 34.6 inches) should strongly be encouraged to lose weight.

In a later report, these investigators studied health impairment and
quality of life in people with a large waist circumference.24 They again
compared BMI and waist : hip ratio with waist circumference and
assessed their relationship to respiratory insufficiency, low back pain,
degree of physical function, presence of non-insulin-dependent
diabetes, and cardiovascular risk factors. Their results showed that,
after adjustment for age and lifestyle, all disease risks and symptoms
increased as the waist circumference increased. However, they
concluded that “there is no strong evidence to prefer either BMI or
waist circumference for categorization of adiposity or prediction of
preventable ill health and there are only minor differences in their
associations with diseases and symptoms.”

Waist-hip ratio

The waist circumference to hip circumference ratio is another com-
monly used technique for assessing body composition. In 1990, the
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Dietary Guidelines for Americans recommended that the waist : hip
ratio should not exceed 0.80 for women or 0.95 for men; however,
the 1995 guidelines increased this latter ratio to 1.0.18

Dual X-ray adsorptiometry

X-ray adsorptiometry, in contrast to BMI, waist circumference, and
waist : hip ratio accurately measures total body fat; it also quanti-
fies regional fat in the central and hip and thigh areas.25 However,
this technique is uncommonly used due to its cost, inconvenience
and relative unavailability. Moreover, in most cases the more readily
available and simple methods described above give clinically
reliable results.

The waist : hip ratio and waist circumference reportedly give similar
correlations with common risk factors for CHD (i.e. hypertension
and serum lipid levels).26 As a result, the waist circumference may be
the most useful because of its greater simplicity. However, in con-
trast to the BMI, choosing a point on the waist circumference and
waist : hip ratio continuum to differentiate overweight from obesity,
has not been reported.

An expert panel on overweight and obesity in adults recently sug-
gested that increased risks exist if waist circumference exceeds 102 cm
(40 inches) in men and 89 cm (35 inches) in women.27 Nevertheless,
these dimensions are considerable and waist circumferences signifi-
cantly less than these cutoff points have been associated with increased
relative risks of 3 to 5 for non-insulin-dependent diabetes (type 2
diabetes).28,29 This clearly indicates that these guidelines are very
insensitive in predicting risks for this disease. Moreover, others26

reported that a waist circumference in men of 94 to 102 cm (35 to
40 inches) had a relative risk of 2.2 for having one or more cardio-
vascular risk factors; in women a waist circumference of 80 to 88 cm
(32 to 35 inches) indicated a relative risk of 1.6.

Taylor et al.30 recently published one of the very few studies using
receiver operating characteristic curves to compare the BMI with the
waist : hip ratio and waist circumference in women. Although their
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results “strongly support the use of BMI as an index of adiposity in
groups of adult women,” they concluded that both the BMI and waist
circumference provide simple yet sensitive methods to estimate total
and central body fat in women. Both methods were clearly more re-
liable than the waist : hip ratio. Other less commonly used methods
for assessing fatness are skinfold thickness and bioimpedance, nei-
ther of which is as clinically useful as those discussed above.

Body Weight, Morbidity and Mortality

In 1958, John Kenneth Galbraith wrote “More die in the United States
of too much food than of too little” (The Affluent Society). Numerous
studies have now shown a strong association between relative body
weight and increased morbidity and mortality. The increase in mor-
tality rates in relation to relative weight increase is steeper in women
and men younger than 50 years than in older persons, and the
increase associated with duration of obesity is also steeper.31 In
addition, women and minorities, including Hispanics, African
Americans, American Indians and Pacific Islanders are particularly
at risk of obesity.32

Greater efforts to prevent weight gain should begin in early
adulthood and probably during childhood. Approximately 60% of
overweight children aged five to ten years already have one asso-
ciated biochemical or clinical cardiovascular risk factor (i.e. hy-
perlipidemia, increased blood pressure and insulin resistance) and
about 25% have two or more risk factors.33 In this regard,
Williamson and associates34 reported that persons in their 20s and
30s are at highest risk of becoming overweight and need encour-
agement to adopt good dietary and exercise habits in order to
prevent them from gaining excessive weight later in life. They
recommended that special emphasis is needed for young women
who are already overweight.

Disease morbidity increases with increasing body weight. For
example, Must et al.35 in a study involving 16,884 adults 25 or more
years, reported that 63% of the men and 55% of the women were
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either overweight (BMI 25–29.9 kg/m2) or obese (BMI � 30 kg/m2).
A graded increase in the prevalence ratio with increasing severity of
overweight or obesity was found for type 2 diabetes mellitus, gall
bladder disease, hypertension and osteoarthritis in both men and
women. The prevalence ratios were generally greater in younger than
in older adults. In addition, the prevalence of having two or more
health conditions increased with increasing weight across all racial
and ethnic subgroups. More recently, Sturm and Wells36 reported that
33% of US adults are overweight and an additonal 23% are obese. In
this report, obesity was associated with more chronic conditions and
worse physical health-related quality of life than smoking, poverty,
or problem alcohol drinking.

In an early study37 of mortality rates in morbidly obese men (average
weight 143.5 kg; about 315 pounds), mortality was 12 times higher
in men aged 25 to 34 years and six times higher in men aged 35 to
44 years versus men with healthy weights of the same age. More
recently, Manson et al.38 examined the association between BMI and
overall mortality and mortality from specific causes in 115,195 US
women (Nurses’ Health Study), aged 30 to 55 years, who were free
of cancer and cardiovascular disease in 1976. They followed the
cohort for 16 years and documented the number of deaths from can-
cer, cardiovascular disease, and various other causes. They concluded
that body weight and mortality from all causes were directly related;
the lowest mortality rate was noted in those who weighed at least
15% less than the US average for women of similar age. The mortal-
ity rate was also lower in those whose weight had been stable since
early adulthood.

Of considerable importance is the recent report by Allison and
co-workers39 in which they found that only smoking exceeds obesity
in its contribution to total US mortality rates. These researchers evalu-
ated the 1991 data from six major cohort studies involving
adults 18 years and older who were classified as overweight (BMI
25–29 kg/m2), obese (BMI 30–35 kg/m2) and severely obese
(BMI > 35 kg/m2). The calculated mean number of annual deaths
attributable to obesity was approximately 280,000 based on the
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relative hazard ratio from all subjects and about 325,000 based on a
relative hazard ratio from only non-smokers and never-smokers. These
numbers are consistent with those reported earlier by McGinnis and
Foege (i.e. obesity 300,000/year; smoking, 400,000/year).40 More
recently, however, Sturm41 reported that obesity now outranks both
smoking and alcohol consumption in its deleterious effects on both
health and medical costs. Thus, obesity “has roughly the same
association with chronic health conditions as does 20 years’ aging”
and that “this greatly exceeds the associations of smoking or
problem drinking.” He noted that over the past few decades, both
smoking and chronic alcohol intake have received considerably more
attention from medical practitioners and public health officials than
obesity. Yet, obesity is associated with a 36% increase in both
out- and in-patient costs and a 77% increase in medications com-
pared with a 21% increase in out- and in-patient costs and a 28%
increase in medications for current smokers and even lower costs for
chronic alcoholics.

The effect of age on optimal body weight is poorly understood since
few studies have analyzed mortality as a function of weight
across various age groups. To extend our knowledge in the area,
Stevens and associates42 recently reported a 12-year study involv-
ing 62,112 white men and 262,019 white women. None of the
participants had ever smoked, had no history of stroke, heart dis-
ease, or cancer and there was no history of recent weight loss. Their
results showed that increased BMI was associated with higher mor-
tality from all causes, as well as from cardiovascular disease in both
women and men up to age 75 years. The association between BMI
and mortality was weaker in individuals over age 75 years. To
further evaluate the effect of adult overweight and obesity on life
expectancy and increased premature death at age 40 years, Peeters
et al.43 prospectively studied 3457 adults aged 30 to 49 years at
baseline. Their results showed a highly significant decrease in life
expectancy with both overweight and obesity. Thus, overweight
40-year-old female non-smokers lost 3.3 years of life while 40-year-
old male non-smokers lost 3.1 years. However, obese 40-year-old
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women and men lost 7.1 and 5.8 years, respectively. Compared with
normal-weight non-smokers, obese male and female smokers lost
13.7 and 13.3 years of life, respectively.

A recent significantly larger study estimated the number of years of
life lost (YLL) due to overweight and obesity across the life span of
adults aged 18 to 85 years.44 These researchers used data from three
sources: the 1999 US Life Tables; Third National Health and Nutri-
tion Examination Survey; and the First National Health and Nutri-
tion Epidemiologic Follow-up Study. Their findings showed the
following: (1) among whites, a J- or U-shaped association was present
between overweight or obesity and YLL; (2) the optimal BMI for
greatest longevity was about 23 to 25 kg/m2 for whites and 23 to
30 kg/m2 for blacks; (3) younger adults had greater YLL than did
older adults; and (4) the maximum YLL for white males aged 20 to
30 years with severe obesity (BMI > 45 kg/m2) was 13 (a 22%
reduction in remaining lifespan) and eight for white females. For
severely obese blacks of similar age, the maximum YLL was 20 years
for men and five years for women.

Overweight and Obesity in Adults

Aging is well known to be associated with alterations in body weight.
Through middle age, there is an increase in body weight associated
with a doubling in body fat in both women and men.45,46 Conversely,
body fat commonly decreases in late old age even in healthy individu-
als. Although the causes of obesity are many (Table 2.3), the exact

Table 2.3: Risk Factors for Overweight and Obesity

Genetics Psychological factors (e.g. depression)
Excess caloric intake (portion-size Decreased resting metabolic rate
inflation and calorically-dense foods) Socioeconomic (lower classes)

Physical inactivity (increased television Stress
and computer use) Cultural

Neuroendocrine disorders Education (lower levels)
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mechanisms are not fully understood. The current surge of worldwide
obesity reflects a failure of the various mechanisms that regulate body
weight to adjust with an environment that promotes overeating and
discourages physical activity. However, there is also considerable varia-
tion among people regarding their susceptibility to gain weight. Some
individuals apparently become obese despite a continuous struggle not
to whereas others remain lean without conscious control.

Although heritability studies suggest that up to 70% of the variabil-
ity in body weight may be accounted for by genetic factors,47,48 obe-
sity genes are clearly not responsible for the recent obesity epidemic
because the gene pool has certainly not changed significantly over
the past two to three decades. Nevertheless, heritability for obesity is
reportedly as strong as it is for alcoholism, hypertension and schizo-
phrenia.49 Several genes involved in energy regulation have been iden-
tified and cloned. An example is leptin, a signal protein for satiety; it
is produced only in adipose tissue.50 Ready access to good-tasting,
high fat foods51 and decreased physical activity52 are also highly sig-
nificant contributors to the problem, as is the increased time devoted
to television and computers.

As with any biologic system, the human body obeys the laws of ther-
modynamics. As such, body weight depends on a balance between
energy intake (food and drink) and energy expenditure. An excess of
energy (calories) intake over expenditure leads to energy storage (i.e.
increased fat). Importantly, only during the past few decades has an
imbalance of energy intake and output occurred for such a large pro-
portion of the population. For example, surveys conducted in 1977–
1978 and 1994–1996 showed that the average daily caloric intake
increased from 2239 to 2455 kcal/day in men and from 1534 to
1646 kcal/day in women.53,54

In addition to genetic factors, increased caloric intake and physical
inactivity, other important factors which contribute to adult obesity
include a decline in resting metabolic rate with age, high fat diets,
and various psychosocial and cultural factors (i.e. different attitudes
toward body weight in various cultures and among ethnic groups).55
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Stress-related excess eating and alcohol drinking are also important
risk factors.56 In this latter longitudinal Finnish population-based study
of 2359 men and 2791 women born in 1966, stress-driven eaters ate
more sausages, hamburgers, pizza and chocolate than other people.
They also had a higher alcohol intake. The major predictors of these
stress-driven individuals were being divorced or not married, long
history of unemployment, and a low level of occupational education.

Advances in transportation have also reduced the need for physical
activity in daily life. Additionally, educational level has recently been
shown to be a highly important associated factor in determining body
weight.57 In this study, differences in age-adjusted mean BMI between
the highest and lowest tertiles of years of schooling were determined
for 26 populations in the initial and final WHO surveys, which in-
cluded 42,000 men and women aged 35 to 64 years in the initial
survey (1979–1989) and about 35,000 in the final survey (1989–
1996). Their findings showed that lower levels of education was as-
sociated with significantly increased BMI in about one-half of the
male and almost all of the female populations. Moreover, the differ-
ences in relative body weight between educational levels increased
significantly over the ten-year study period.

An additional important, but uncommonly appreciated risk for obe-
sity, is that the source from which food is obtained contributes sig-
nificantly to the increased incidence of obesity, at least in the US.58

This study suggested that frequent eating away from home, particu-
larly in fast food establishments, is an important contributor to the
increase in obesity. McCrory and associates59 added further support
for this association when they studied the dietary intake and frequency
of consuming food from seven different restaurant types (fried
chicken, burger, pizza, Chinese, Mexican, fried fish, and “others”).
In this group of healthy men and women, restaurant food consump-
tion averaged 7.5 times/month. After controlling for age and sex, the
frequency of consuming restaurant food was positively associated
with body fatness. The strength of the association did not change
after controlling for smoking status, alcohol intake or education level.
A recent review of this topic60 stressed that restaurant food tends to
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be energy-dense (i.e. high in fat, low in fiber). Significantly larger
portions of a wide variety of energy-dense palatible foods are also
served than in decades past.12

The biobehavioral influences affecting increased energy and body
weight have been recently reviewed.61 The major reported factors that
negatively affect adult eating behaviors and increase body weight are
summarized as follows.

(1) Dietary variety: The variety of available foods has increased
markedly over the past several decades, mainly “in nutrient
poor, high energy dense categories.” This increase in food
variety results in increased consumption, body weight and
fatness.

(2) Liquid versus solid energy: The consumption of energy-dense
beverages has increased significantly. For example, the US per
capita consumption, in gallons of soft drink, reportedly increased
by more than 60% between 1977 and 1998.62

(3) Portion size: The portion sizes served in US restaurants have mark-
edly increased over the past couple of decades. There has also
been a trend since the late 1970s to the present toward larger
prepackaged foods.63

(4) Taste (palatability): Numerous studies have shown that energy
intake, independent of other dietary factors, increases with food
palatability. Indeed, taste is reportedly the most important single
reason people choose the foods they eat.61

(5) Snacking: Snacking is a very common habit across all age
groups. Thus, the number of daily snacks increased from 1.1
in 1977–1978 to 1.6 in 1995 for all people two years and older.62

Moreover, the snacks are currently higher in energy than in
earlier times.

(6) Restraint and disinhibition: Dietary restraint (i.e. tendency to re-
strict the amount and types of foods consumed to maintain or
lose weight) and disinhibition (i.e. tendency to overeat certain
“appealing” foods) are both important determinants of adult
weight gain.64 Thus, when these two factors “get out of hand,”
weight gain is imminent.
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Overweight and Obesity in
Children and Adolescents

Obesity prevalence

Although the BMI is well accepted as a reasonably reliable method
to measure adiposity in adults, a consensus measure of childhood
and adolescent adiposity has been limited by the lack of data. How-
ever, several recent reports65–67 suggest that BMI also represents a
reasonable index of adiposity in both children and adolescents. Thus,
using the BMI as an indicator of overweight/obesity, there was a 100%
increase in obesity among American children between 1980 and 1994.
Here, Troiano et al.65 studied overweight prevalence and trends in
children and adolescents aged six to 17 years in each of five separate
time periods (1963–1965; 1966–1970; 1971–1974; 1976–1980; and
1988–1991). Their findings showed the greatest increase was from
1976 to 1980, which was similar to that in adults. From 1988 to 1991,
the prevalence of overweight was 10.9% based on the 95th percentile
and 22% based on the 85th percentile. Importantly, there was an
increase in overweight prevalence among all sex and age groups. The
Center for Disease Control’s (CDC) National Health and Nutrition
Examination Survey (NHANES III) of 1988–1991 found that the
prevalence of overweight adolescents, aged 12 to 19 years, was 21%,
an increase of 6% since their previous survey (NHANES II).68

Others69 reported that 11% of children and adolescents were over-
weight in the years 1988–1994. However, an additional 14% had a
BMI between the 85th and 95th percentiles. The prevalence of over-
weight did not vary systematically with race-ethnicity, family income
or education.

The National Longitudinal Survey of Youth later reported results of a
prospective cohort study of children aged four to 12 years conducted
between 1986 and 1998.70 They found that obesity increased signifi-
cantly and steadily among children of all ages. After age 12 years,
overweight prevalence was 12.3% in non-Hispanic whites, 21.5%
among African Americans, and 21.8% among Hispanics. Overweight
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also increased more rapidly among minorities and Southerners. More
recently, Ogden and associates71 surveyed a large group of children
from birth through age 19 years; the data was collected in 1999–
2000. The overweight prevalence was 15.5% among the 12- through
19-year-olds, 15.3% among the six- through 11-year-olds, and 10.4%
among the two- through five-year-olds compared with the 1988–1994
NHANES III report (10.5%, 11.3% and 7.2%, respectively). The
prevalence of overweight among non-Hispanic black and Mexican
American adolescents increased more than 10% between 1988–1994
and 1999–2000.

The rising prevalence of overweight and obese children is not limited
to the US. Reilly and associates72 reported a significant prevalence
of overweight and obesity among British children. Using cutoffs for
BMI above the 85th percentile to indicate overweight and above the
95th percentile as obese, they reported the following data for both
sexes at ages 24, 49 and 61 months, respectively: 15.8% overweight,
6.0% obese; 20.3% overweight, 7.6% obese; and 18.7% overweight,
7.2% obese. In addition, secular trends indicate that Canadian chil-
dren, aged seven to 13 years, are also becoming progressively over-
weight and obese.73 Thus, the prevalence of overweight among girls
increased from 15% in 1981 to 23.6% in 1996 and among boys from
15% to 28.8%. The prevalence of obesity in these children more than
doubled during the same period of time, from 5% in both sexes to
13.5% for boys and 11.8% for girls. Overweight and obesity are also
serious public health problems in the Navajo.74 These authors reported
that overweight and obesity also begin in childhood, and has become
more serious over the past decade.

As noted by Freedman et al.,75 there is a significantly higher preva-
lence of overweight and obesity among black women compared with
white women. However, since a similar pattern had not been de-
scribed in children, they studied 4542 black girls and 4542 white
girls, aged five to 17 years, between 1973 and 1994. They found
that although black girls were 1 to 3 kg heavier than comparable
white girls, they were also 2 to 3 cm taller. After adjusting for
differences in height, the mean relative weight of black girls was
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consistently greater than white girls only after age 13. In addition,
sexual maturation was a stronger correlate of relative body weight
among black girls. Taking these variables into consideration, they
concluded that black girls do not have a higher mean relative weight
than white girls until adolescence.

Weight concerns have also increased among the youth. In an attempt
to control their weight, there has been a significant increase in ciga-
rette smoking.76 As these investigators reported, it is very important
for parents, physicians and school health programs “to address healthy
methods of weight maintenance and to dispel the notion of tobacco
use as a method of weight control.”

National recommendations for food intake have been established and
are outlined in the Food Guide Pyramid (Chapter 4).77 Briefly, the
pyramid recommends the following mean daily servings for children
and adolescents two to 19 years of age: grains six to 11; vegetables
three to five; fruit two to four; dairy two to three; and five to seven
ounces of meat. Unfortunately, most American children and teens do
not meet the national recommendations.78 This report noted that mean
daily servings were below minimum recommendations for all food
groups except the dairy group for children aged two to 11 years. The
percentages of children and teens meeting recommendations ranged
from approximately 30% for fruit, grain, meat and dairy to 36% for
vegetables; 16% did not meet any recommendations and only 1%
met all recommendations. Moreover, the intake of total fat and added
sugar accounted for 35% and 15% of energy, respectively.

With regards to added sugar, Ludwig et al.79 recently concluded that
the consumption of sugar-sweetened drinks is associated with child-
hood obesity. In this prospective study, involving 584 ethnically
diverse group of children (mean age 11.7 years), they found, after
adjustment for anthropometric, demographic, dietary and lifestyle
variables, that for each additional serving of a sugar-sweetened drink
both BMI and frequency of obesity increased. Furthermore, baseline
consumption of these drinks was independently associated with
BMI changes. Furthermore, recent reports indicate increasing
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consumption of soft drinks by children, especially teenagers.79

Importantly, a 12-ounce can of regular soda contains 40 g of added
sugar (about 160 calories). Since girls 12–19 years of age drink, on
average, 12 ounces of regular soda each day and boys about 21 ounces
per day (280 calories), these “empty calories” are significantly re-
lated to the rising obesity rates.80 Unfortunately, these soft drinks are
too readily available in snack bars, school stores and vending ma-
chines outside school cafeterias.

Childhood, adulthood and parental obesity

An early study suggested that dietary intake patterns in childhood
and adolescence may be predictive of obesity in adulthood.81 These
findings were recently confirmed and expanded.82 Here, a group
of overweight children, mean age 13.3 � 0.3 years, were re-evalu-
ated at age 21.8 � 0.3 years. Blood pressure, weight and height
were measured at both periods of time. A euglycemic insulin clamp
(measure of insulin resistance) was performed in the young adult
group, as were fasting lipid levels (total and low-density lipopro-
tein cholesterol). The results showed that childhood BMI was
highly correlated with young adulthood BMI, inversely correlated
with young adult glucose utilization (i.e. insulin resistance), and
positively correlated with total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C) levels. Thus, childhood adipos-
ity is a strong predictor of young adult adiposity, altered cardio-
vascular risk, and early signs of potential diabetes. Whitaker et
al.83 also studied the predictability of young adulthood obesity
from childhood and parental obesity. They found that obese chil-
dren less than three years of age without obese parents were at
low risk of adulthood obesity. Among older children, however,
obesity was an increasingly significant predictor of adult obesity
regardless of parental obesity. In addition, parental obesity in-
creased the risk of adult obesity by more than two-fold among
both obese and non-obese children less than ten years of age. More
recently, Hardy and co-workers84 investigated the effects of child-
hood weight and socioeconomic status in Britain on the pattern of
BMI change between the ages of 20 and 43 years. Their results
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indicated that childhood manual social class, defined by the father’s
occupation and high relative weight at age 14 years, were associ-
ated with a higher mean BMI across adult life; these effects
increased with age. Moreover, these two risk factors for high adult
BMI were independent of subsequent educational attainment and
adult social class.

These latter studies indicate that weight gain prevention is very im-
portant in childhood. Moreover, parental attitudes and examples are
critical. For example, Davison and Birch85 studied the relationship
between weight status and self-concept in 197 five-year-old girls and
their parents. They found that those with a higher weight status had
lower body esteem and lower perceived cognitive ability than girls
who weighed less. Moreover, paternal concern about child overweight
was associated with decreased perceived physical ability; maternal
concern was associated with both lower perceived cognitive and physi-
cal abilities. Furthermore, parental food restriction was also associ-
ated with negative self-evaluations. The authors recommended that
public health programs regarding overweight children must also
provide “constructive and blame-free alternatives for addressing child
weight problems” which otherwise may be detrimental to a child’s
mental health.

Television viewing and body weight

Behavioral modifications, including dietary changes, increased
physical activity, and less time spent with video games and televi-
sion viewing are very important factors in weight control of children
and adolescents. For example, Dietz86 documented that increased
television viewing was a significant factor leading to obesity, and
Morgan87 reported that excessive television watching may also lead
to decreased school achievement.

The association between television viewing and child and adolescent
adiposity was recently confirmed.88 The author concluded that
reducing television, videotape and video game use may be a “prom-
ising population-based approach in preventing childhood obesity.”
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A more recent study further substantiated the relationship between
television viewing and risk of being overweight in preschool-aged
children.89 These researchers reported that “a TV in a child’s
bedroom is an even stronger marker of increased risk of being over-
weight.” They emphasized that since most children watch
television by age two, parents should limit television/video viewing
and must keep televisions out of a child’s bedroom. Moreover, paren-
tal marital status, as well as the mass media, significantly influence
the onset of eating disorders, at least in girls aged 12 years and older.90

These latter researchers also concluded that “the habit of eating alone
should be considered as a warning sign of eating disorders.” A recent
study also found that headache, back pain, eye symptoms and sleep
problems are more common among children who watch television
four or more hours per day compared with those who watch televi-
sion less than two hours per day.91

Increased television watching is also a common risk factor for
obesity in adults. Thus, a prospective cohort study of 50,277 women
(Nurses’ Health Study) showed that for each two hours/day incre-
ment in television watching, there was a 23% increase in obesity and
a 14% increase in risk of type 2 diabetes.92 These findings were
independent of age, smoking, exercise levels, dietary factors and other
covariates.

Breastfeeding and childhood body weight

Of considerable additional importance is the possible association
between infant breastfeeding and overweight children and adoles-
cents. Breast milk is clearly the preferred feeding for infants since
it has growth, immunologic and developmental benefits.93,94 More-
over, infants who are breastfed for at least six months were shown
to have increased cognitive developmental scores in comparison
with infants who were never breastfed.95 In addition, early reports
suggest that breastfeeding may be protective against being over-
weight during childhood and adolescence,96,97 although more
recent studies have been somewhat inconsistent. For example,
Hediger et al.98 found that breastfeeding reduced the risk of being
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at risk of overweight for ever breastfed children. However, there
was no reduced risk of being overweight. They concluded that
although breastfeeding is strongly recommended, it may not be as
effective as moderating familial factors (i.e. dietary habits and physi-
cal activity), since a significant predictor of child overweight sta-
tus was the mother’s concurrent weight. The rate of children being
overweight was almost three times if the mother was overweight
(i.e. BMI 25.0–29.9 kg/m2). Conversely, Gillman and associates99

reported that infants who were breastfed for at least seven months,
compared with those who were breastfed for three months or less,
had a lower risk for being overweight during older childhood
and adolescence.

Childhood/adolescent obesity and psychosocial problems

Although there is a growing awareness of the long-term health
risks of childhood and adolescent obesity, the most widespread
consequences may be psychosocial.100 Indeed, obese children and
adolescents are at increased risk for lower perceived competen-
cies on social, athletic and appearance domains, as well as
overall self-worth.101 Studies have also consistently shown an
association between both adult and adolescent obesity and
depression. However, it has not been clear as to whether depres-
sion leads to obesity or whether obesity leads to depression. To
further understand this association, Goodman and Whitaker102

prospectively studied 9374 adolescents in school grades 7
through 12. At baseline, 12.9% were overweight, 9.7% were obese
and 8.8% had depressed mood. After follow-up one year later,
the authors concluded that “depressed adolescents are at
increased risk for the development and persistence of obesity
during adolescence.” Moreover, baseline obesity did not predict
follow-up depression. In addition, Schwimmer and associates103

recently reported that severely obese children and adolescents
have more than a five-fold increase of a lower health-related
quality of life compared with healthy children. Importantly, the
risk is similar to that previously reported for children and ado-
lescents diagnosed with cancer.
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Prevention, Management and Treatment of Obesity

Thomas Edison wrote, “The doctor of the future will give no medi-
cine, but will interest his patient in the care of the human frame, in
diet and in the prevention of disease.” As with many medical disor-
ders, obesity prevention is significantly better than treatment. The
prevention and management of overweight/obesity is complex and
affected by numerous factors. As such, no single method is appli-
cable to all individuals. Although parents have a key role in pre-
venting overweight/obesity in their children, involvement in obe-
sity prevention by national, state and local public health agencies,
as well as schools and health care professionals, is also critical.
These groups and organizations must become more actively involved
in campaigns regarding the health consequences of being overweight
and stressing the importance of a proper diet and regular exercise.
Cities and counties should establish safe walking and bicycle lanes
and perhaps most important, schools should reinstate daily physi-
cal education and health classes. Moreover, physicians and other
health care professionals must become proactive in educating the
public and counseling their patients about the importance of this
serious epidemic.

Caloric intake

As noted previously, body weight depends on a balance between en-
ergy intake (i.e. calories) and energy expenditure. Thus, when an
imbalance exists, body weight increases. As a result, reduced energy
intake is critical in overweight and obese individuals. Moreover, it
should be individually tailored to allow normal activities. A daily
caloric deficit of 500 to 600 kilocalories (kcal) per day is usually
well tolerated and will result in significant weight loss over time (one
or more pounds per week). Emphasis on fat intake is essential since
the number of kcal per gram of fat (9.0) is slightly over twice that of
carbohydrate (4.0) and protein (4.0). Moreover, total fat intake should
not exceed 30% of total calories. For example, the participants in a
six-month trial entered a research “supermarket” and obtained either
fat-reduced or full-fat foods.104 Those who selected full-fat foods had
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higher energy intake and gained weight; those who selected fat-
reduced foods did not increase their energy intake and had no change
in body weight. Thus, dietary restraint protected against the weight-
promoting effect of a high fat diet.

A combination of diet and exercise is far more effective than either
alone. A recent study reported that more than two-thirds of American
adults are trying to lose or maintain weight.105 Yet, only 20% reported
using a combination of engaging in at least 30 minutes per day, five
days per week of leisure-time physical activity and eating fewer calo-
ries. Interestingly, among those attempting to lose weight, a common
strategy is to consume less fat. However, many of these individuals
give little attention to the total number of calories obtained from low-
fat foods. This suggests that some individuals fail to appreciate that
total caloric intake is the major concern regardless of the source.
Hence, an over-emphasis on consumption of low-fat foods may
inadvertently contribute to an increase in total energy intake.106

Metz et al.107 recently assessed the long-term effects of a nutritionally
complete pre-packaged prepared meal plan compared with a usual-
care diet on weight loss and various cardiovascular risk factors (blood
pressure, plasma lipids, glucose and glycosylated hemoglobin). In this
clinical trial, 302 overweight and obese adults were randomized to
receive either a nutrient-fortified prepared meal plan or a macronutri-
ent equivalent usual-care diet. Their results showed that these
long-term dietary interventions induced significant weight loss and
improved cardiovascular risk factors in those at high-risk.

The health benefit differences between a low-carbohydrate and a calo-
rie- and fat-restricted diet are of considerable public interest.
The conventional dietary approach to weight control is a high-
carbohydrate, low-fat diet. However, low-carbohydrate, high-protein,
high-fat diets have become increasingly popular among the general
public (e.g. Atkin’s diet). Nevertheless, randomized trials evaluating
the efficacy of these diets had not been evaluated until recently. In
2003, two studies compared a low-carbohydrate with a low-fat diet
in obese people. In a six-month study of 79 severely obese subjects,
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Samaha et al.108 found that obese individuals lost more weight on a
carbohydrate-restricted diet than on a calorie- and fat-restricted diet.
There was also a relative improvement in insulin sensitivity and se-
rum triglyceride levels. They noted, however, that due to the small
magnitude of overall and between-group differences in weight loss,
and the short study period (i.e. six months), the findings “should be
interpreted with caution.” Foster and associates109 also reported that
a low-carbohydrate diet produced greater weight loss than the
conventional diet in 63 obese men and women after three months.
However, after one year the differences were not significant. The
authors of both reports indicated that longer and larger studies
will be required to determine any long-term benefits of a low-
carbohydrate diet, as well as the efficacy and safety of these diets.
Indeed, in a recent systematic review of the efficacy and safety of
low-carbohydrate diets, Bravata et al.110 concluded that “there is in-
sufficient evidence to make recommendations for or against the use
of low-carbohydrate diets, particularly among participants older than
age 50 years. …” Moreover, the findings illustrated that low-
carbohydrate diets result in weight loss by reducing calorie intake,
thus reaffirming the first law of thermodynamics, as well as empha-
sizing that without carbohydrate-consuming foods in the diet, less
fat is ingested because few people eat much fat by itself. As a result,
low-carbohydrate diets cause weight loss because they reduce total
calorie intake.111

High-protein diets are also frequently promoted as a means to
successfully lose weight. However, a recent statement from the
Nutrition Committee of the Council on Nutrition, Physical Activity,
and Metabolism of the American Heart Association raised serious
concerns about these diets.112 The report noted that these diets are
generally associated with higher intakes of total fat, saturated fat and
cholesterol because the protein is derived mainly from animal sources.
For these and other reasons, the committee concluded that “high
protein diets are not recommended because they restrict healthful
foods that provide essential nutrients and do not provide the variety
of foods needed to adequately meet nutritional needs.” Thus, in addi-
tion to other potential problems (i.e. cardiac, kidney, bone and liver
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abnormalities), individuals on these diets are at risk for inadequate
essential vitamin and mineral intake.

Physical activity

Regular leisure-time physical activity is critical, not only for suc-
cessful weight loss but for long-term weight maintenance.113,114

The minimal recommended national guideline for physical ac-
tivity is 150 minutes per week (30 minutes per day, f ive days
each week).115 Yet, Serdula et al.105 reported that although two-
thirds of those who said they used physical activity as a way for
losing weight, only 40% met the minimum exercise level. It
should be noted, however, that the amount of exercise necessary
for enhancing long-term weight loss and associated health ben-
efits is probably greater than the minimum recommendation.116,117

Moreover, long-term low intensity exercise, such as walking, may
be as effective as high-intensity activities.118 In agreement with
this, Fogelholm and associates119 reported that a walking train-
ing program of moderate intensity, after an initial weight reduc-
tion, had a positive but minor effect on weight maintenance; a
more intense walking program had no independent effect of
weight maintenance. Moreover, Perri et al.120 have repeatedly
shown that a maintenance program is effective only as long as
the active intervention is ongoing. Thus, it appears likely that
long-term health professional contact and support from family,
friends and co-workers are the most important factors in main-
taining stable weight levels.

Unfortunately, physical activity as a method of weight loss is least
common among obese individuals who are less educated, as well as
those who are older.121 The prevalence of physical inactivity among
both children and adults is also extremely high.122 Thus, interven-
tions to help all individuals to become more physically active is a
significant challenge and successful strategies for improving partici-
pation in physical activity are sorely needed for underactive and
inactive individuals. Indeed, several alternative strategies have been
investigated.123 Since many people in developed countries are exposed
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to a “toxic environment” that reduces opportunities for physical
activity, environmental changes are needed to increase the conve-
nience of exercise participation. For example, Sallis et al.124 reported
that when exercise facilities are near an individual’s home there was
a higher participation in physical activity than when individuals were
more distant from exercise facilities. Thus, cities can stimulate
increased physical activity by providing convenient walking and
bicycle lanes, parks and other exercise promoting opportunities.

Lifestyle changes may also be advantageous in changing physical
activity behaviors.123 Thus, the incorporation of behavioral skills train-
ing, such as problem solving, may be successful in promoting the
adoption and maintenance of physical activity. Others125 have sug-
gested that lifestyle forms of physical activity such as gardening,
house cleaning, etc. may also help maintain body weight. Studies of
other alternative approaches to physical activity are needed to evalu-
ate techniques that may be successful in promoting increased physi-
cal activity, especially among those who are less inclined to control
their weight.

Miscellaneous preventive measures

Other factors are also important for successful weight control and
becoming metabolically fit. In addition to motivation, behavior
modification, which includes a daily record of physical activity (i.e.
time and distance), recording of food intake, professional nutrition
advice and separation from various sedentary activities (i.e. excess
television watching, computer time, etc.) are important. Psycho-
logical help may also be beneficial in selected cases. Although drugs
may be useful to curb the appetite, they must be medically super-
vised. Unfortunately, adults 30 years and younger who are trying to
lose weight are more likely to smoke than those not concerned about
their weight.126

It is an unfortunate fact that obese people tend to regain lost weight.
This raises the question as to whether metabolic factors are impor-
tant contributors to the regulation of body weight. This suspicion led
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to the set-point theory that suggests the body has a homeostatic feed-
back system that controls body fat stores. This system includes an
adaptation in the energy efficiency of metabolic processes that main-
tain constant fat stores and body weight.127 However, the suggestion
that weight-gain may be secondary to an adaptive down-regulation
in resting metabolic rate after weight loss is controversial.128 A recent
study evaluated this hypothesis and found no evidence to support
adaptive metabolic changes to explain the tendency of weight-reduced
persons to regain the lost weight.129

It should be noted that some concern has been raised that weight loss
with concomitant caloric restriction may precipitate eating disorders
or exacerbate them among those already affected.130 To investigate
this, the National Task Force on Prevention and Treatment of Obesity
recently reviewed the literature evaluating relations among dieting,
weight loss treatment, weight cycling, eating disorders and psycho-
logical functioning in overweight and obese adults.131 They concluded
that “concerns that dieting induces eating disorders or other psycho-
logical dysfunction in overweight and obese adults are generally not
supported by empirical studies.”

Professional counseling

Counseling by physicians and other health professionals can be very
effective in improving a patient’s lifestyle since most people will
follow professional advice, especially if its importance is clearly
explained. Counseling about weight reduction should include
advice about weight maintenance for all adults and caloric restric-
tion and increased physical activity for all overweight persons. Yet,
relevent physician advice is clearly not as frequent as it should be.
Moreover, obese patients have significantly more confidence in
health counseling and treatment of their disorder from non-obese
than from obese physicians.132

People often cite professional advice as a major motivating factor in
their decision to become physically active;133 however, the degree of
motivation depends significantly on the professional’s attitude about
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physical activity. Thus, a 1991 study reported that 59% of primary
care physicians believed that regular physical activity was very im-
portant for their patients; however, only 24% believed they would be
able to modify patient behavior.134 Unfortunately, 41% of the physi-
cians apparently did not believe that regular physical activity was
important.

In a national population-based survey, Wee and associates135 reported
that of the 17,317 respondents, only slightly over half (9299)
responded to the question about exercise and physician counseling.
Of these, 34% reported being counseled about exercise. Older
patients (�30 years) were counseled more often than younger
patients; those 40 to 49 years were counseled most often. In addi-
tion, patients with annual incomes above US$50,000, those with
college degrees, those with higher levels of physical activity, and
those who were overweight to obese (BMI > 25 kg/m2) were more
likely to be counseled.

The low proportion of office visits that include dietary counseling is
related to physician attitudes about dietary advice.133 Although about
one-half of US adults are overweight, Kuczmarski et al.11 reported
that only 10.4% were counseled for weight reduction. Others136

reported on 12,835 obese adults (BMI > 30 kg/m2) 18 years and older
who had visited their physician during the previous 12 months. Here,
2% of obese patients reported they were advised to lose weight. Those
most likely to receive advice were female, middle-aged, more edu-
cated, lived in the northeast, reported poorer perceived health, were
more obese and had diabetes mellitus.

Importantly, those who received advice to lose weight were signifi-
cantly more likely to report trying to lose weight than those who
did not. Taira and co-workers137 examined the relationship between
patient income, health risk behaviors, the prevalence of physician
discussion of these behaviors, and the receptiveness of patients to
their physicians’ advice. They concluded that physicians need to be
more diligent in identifying and counseling low-income patients
with regards to diet and exercise. They should also be more diligent
in counseling high income patients to stop smoking. In some cases,
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psychiatric help may be advisable since about one in four persons
seeing a primary care physician for weight problems has a psychi-
atric disorder (mainly depression).138

To aid physicians and other health care providers, the American
College of Sports Medicine recently published appropriate interven-
tion strategies for weight loss and prevention of regaining weight in
adults.139 The following guidelines were recommended for weight
loss treatment and prevention of weight regain.

(1) Overweight individuals (BMI 25–29.9 kg/m2) should consider
reducing their body weight, especially if the increased BMI is
accompanied by abdominal adiposity. All obese individuals
(BMI � 30 kg/m2) are encouraged to seek weight loss
treatment.

(2) Overweight and obese individuals should target reducing their
body weight by at least 5 to 10% and maintain at least this amount
of weight loss long-term.

(3) Individuals should strive for long-term weight maintenance and
prevention of weight regain.

(4) Weight loss programs should target changing both eating and
exercise behaviors. Moreover, programs targeting these modifi-
cations should incorportate strong behavioral modification
strategies to facilitate the adoption and maintenance of the
desired behavioral changes.

(5) Overweight and obese individuals should reduce their current level
of energy intake by 500 to 1000 kcal/day. Dietary fat should
constitute no more than 30% of the total energy intake.

(6) Overweight and obese persons should progressively increase
their moderate intensity physical activity to a minimum of
150 minutes/week. However, for long-term weight loss, this
leisure-time physical activity should be increased to 200 to
300 minutes/week.

(7) Resistance exercise should supplement the endurance exercise
program to improve muscle strength and endurance.

(8) Pharmacotherapy for weight loss should be used only in indi-
viduals with a BMI � 30 kg/m2. Moreover, they should only
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be used in combination with a strong behavioral intervention
program that focuses on eating and exercise modifications.

Adaptation of the treatment model used for smoking cessation into
the National Institutes of Health evidence-based obesity guidelines
has been developed.140,141 This weight-loss counseling tool consists
of the 5 A’s: (1) Assess obesity risk; (2) Ask about readiness to lose
weight; (3) Advise in designing a weight-control program; (4) Assist
in establishing appropriate intervention; and (5) Arrange for follow-
up. These guidelines were recently discussed in detail.142

Commercial weight loss programs have also been recommended.
However, since their efficacy has only rarely been rigorously evalu-
ated, Heshka et al.143 compared weight loss and health benefits
achieved and maintained through a self-help weight-loss program
versus a structured commercial program. The self-help program
consisted of two 20-minute counseling sessions with a nutritionist
and provision of self-help resources (i.e. printed dietary and exercise
guidelines, public library materials, websites, etc.). The commercial
weight-loss program consisted of a food plan, an activity plan and a
cognitive restructuring behavior modification plan at weekly
meetings. The authors concluded that the structured commercial plan
“provided modest weight loss but more than self-help over a two-
year period.”

The management of childhood and adolescent obesity is also criti-
cal, not only because of the marked increase in the prevalence of
obesity in these young people, but to the potentially serious conse-
quences they will face in adulthood. To control the obesity crisis fac-
ing American children and adolescents, immediate action is needed.
This must include education, research and appropriate intervention
directed not only to health care professionals, but toward policy mak-
ers, teachers, community leaders and parents, as well as children. In
1996, the Maternal and Child Health Bureau, Health Resources and
Services Administration, Department of Health and Human Services,
and the National Center for Education in Maternal and Child Health
convened an expert committee to recommend the medical, emotional
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and behavioral evaluations that should precede efforts to control
weight and introduce previously proven interventions in behavior pro-
grams.144 The major recommendations included the following:

(1) children with a BMI greater than or equal to the 85th percentile
with obesity complications should undergo evaluation;

(2) a BMI greater than or equal to the 95th percentile, with or
without complications, should undergo evaluation and possible
treatment;

(3) health professionals should be aware of the signs of rare exog-
enous causes of obesity (e.g. genetic syndromes, endocrine
abnormalities, psychologic disorders);

(4) overweight/obese children should be screened for hyperten-
sion, dyslipidemias, orthopedic disorders, sleep disorders, gall
bladder disease and insulin resistance;

(5) recommendations for a weight-management program should be
focused on healthy eating and adequate physical activity;

(6) early treatment should involve the parents; permanent changes
should be instituted in a stepwise manner; and

(7) ongoing family support from health care professionals is
essential.

A series of articles on the management of overweight children and
adolescents was recently published in the journal Pediatrics.145 These
studies were undertaken to examine the attitudes and practices of pe-
diatricians, pediatric nurse practitioners and registered dieticians in the
assessment and treatment of overweight and obese children and ado-
lescents. This series, as summarized by Barlow and Dietz,146 recom-
mended the following current and future strategies that may be helpful
in alleviating this major healthcare problem.

(1) To improve the thoroughness of medical asssessment, pediatri-
cians and pediatric nurse practitioners may require further
education regarding the risks and different obesity-related disor-
ders and the best screening techniques. The screening tests should
be implemented during office visits.

(2) Checklists or forms for medical records similar to those prepared
for well-child visits could be prepared and tested for their
effectiveness.
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(3) Providers must assess the readiness of overweight/obese children
to change their behavior. A lack of patient motivation must be
addressed. Established “wellness” techniques, such as those used
by health authorities for regular exercise, smoking cessation and
seatbelt use, could be applied for weight control.

(4) Reducing sedentary behavior is critical. The control of television
time in clinical and school-based programs has proven success-
ful. Thus, health care providers, schools and communities should
aggressively promote this strategy and encourage parents and other
family members to engage in collective physical activities to
reduce television time.

(5) Media promotion of healthy eating and regular physical activity
could be very beneficial, just as it has been for promoting smok-
ing cessation.

(6) Since markedly obese children are at risk for serious health prob-
lems, more intensive medical and psychological care is needed.

Surgical intervention

Bariatrics is the field of medicine that specializes in treating obesity.
In selected morbidly obese individuals (i.e. BMI � 40 kg/m2), surgi-
cal treatment (i.e. bariatric surgery) to restrict gastric volume may be
successful in those in whom other attempts have failed.147 For this
purpose, there are currently three types of gastric restrictive opera-
tions: gastric banding, stapled gastroplasty and Roux-en-Y gastric
bypass. Persons who undergo these procedures must eat very small
food portions since the smaller stomach cannot hold a lot of solid
food.

These surgical procedures have generally proven to be quite effec-
tive. For example, two recent publications148,149 reported that gastric
banding, a minimally invasive surgical procedure, “is a safe and
effective new method in the management of severe obesity.”148 This
technique reportedly can “noticeably improve the quality of life in
obese patients. Half of the excess body weight can be effortlessly
lost within two years.”149 The subject of bariatric surgery was recently
reviewed and the basic surgical techniques were illustrated.150 Since
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the demand for surgical intervention has significantly increased,
scientific and ethical questions were recently addressed.151

Economic Costs of Obesity and Physical Inactivity

A recent medical literature review of English-language articles on
the medical costs of obesity between 1990 and 2001 suggested that
obesity accounts for 5.5 to 7.0% of national health expenditures in
the US and 2.0 to 3.5% in other countries.152 Thus, the economic
effect of obesity in the US from both societal and payer perspec-
tives is enormous. In 1998, Wolf153 reported that the relatively
recent rapid increase in obesity has resulted in a 50% increase in
lost productivity, 36% increase in restricted activity and 28%
increase in the number of hospitalized days. Although the cost of
obesity is comparable to that of several chronic diseases (e.g.
type 2 diabetes, CHD and hypertension), it receives relatively little
attention. In addition, overweight and obesity are major risk factors
for several chronic diseases. Indeed, adults at even modest levels of
adiposity are at increased risk for CHD,154,155 type 2 diabetes melli-
tus,156,157 postmenopausal breast cancer158 and mortality.159 Morbid-
ity related to physical inactivity include cardiovascular disease,160

colon cancer,161 osteoporosis162 and type 2 diabetes.163 Overweight
and obesity also exacerbate hypertension, osteoarthritis and elevated
serum cholesterol levels.

The estimated US costs attributable to obesity for various medical
disorders in 1996 were as follows:164 US$11.3 billion for type 2
diabetes; US$22.2 billion for cardiovascular disease; US$2.4 bil-
lion for gall bladder disease; US$1.5 billion for hypertension; and
US$1.9 billion for breast and colon cancer. These figures, although
considered to be conservative, totaled US$39.3 billion or 5.5%
of the total costs of illness. In 1990, the direct cost of obesity-
associated diseases was estimated at US$45.8 billion.165 The indi-
rect obesity cost was estimated at US$23 billion, bringing the total
1990 economic cost to US$68.8 billion. In a later study, Colditz166

assessed the economic costs of obesity and physical inactivity for
1995. He reported a conservative estimate of the direct annual costs
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of lack of physical activity to be US$24 billion; direct costs of
obesity totaled US$70 billion per year. These latter costs were
independent of those resulting from physical inactivity. He con-
cluded that physical inactivity and obesity accounted for at least
9.4% of the 1995 national health care costs. In a follow-up report,
Wolf and Colditz167 updated and revised the estimates of the eco-
nomic impact attributable to obesity (BMI � 30 kg/m2) in 1995
dollars. These diseases included type 2 diabetes mellitus, hyperten-
sion, CHD, gallbladder disease, osteoarthritis and several cancers
(breast, endometrial and colon). Thus, the total 1995 cost attribut-
able to obesity was US$99.2 billion [includes direct medical costs
(US$51.64 billion, lost productivity, lost work, bed-days, restricted
activity and physician visits)]. The authors concluded that “the
economic and personal health cost of overweight and obesity are
enormous and compromise the health of the United States.” Since
the costs of being overweight (BMI 25–29.9 kg/m2) were not
addressed, the total costs were significantly higher. Moreover, since
obesity has continued to rise since 1995, the current costs are
undoubtedly much greater. However, the economic burden of obe-
sity is not limited to adults. Thus, from 1979–1981 to 1997–1999
the percentage of hospital discharges of youths aged six to 17 years
with obesity-associated diseases almost doubled (1.4–2.36%).168

Based on 2001 constant US dollar value, the obesity-associated
annual hospital costs increased more than three-fold (US$35 mil-
lion in 1979–1981; US$127 million during 1997–1999).

Quesenberry et al.169 reported an association between BMI and
annual rates of inpatient days, number and costs of outpatient visits,
outpatient pharmacy, laboratory and total costs. They found that rela-
tive to a BMI of 20 to 24.9 kg/m2, mean annual total costs were 25%
greater among those with a BMI of 30 to 34.9 kg/m2 and 44% higher
among those with a BMI of 35 kg/m2 or more. Interestingly, surgical
treatments that resulted in a maintained average weight reduction of
16% reportedly will not reduce total hospital costs compared with
conventionally treated obese patients, at least over the first six years.170

However, the authors noted that these costs could possibly be
reduced in a ten- to 20-year perspective.
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Diseases and Disorders Associated with Excess
Body Weight

There are numerous diseases and disorders associated with excess
body weight (i.e. BMI > 25.0 kg/m2; Table 2.4). For example, a
recent ten-year follow-up (1986–1996) of middle-aged women
(Nurses’ Health Study) and men (Health Professionals Follow-up
Study) found that the risk of developing diabetes, gall stones, hyper-
tension, heart disease, stroke and colon cancer increased significantly
with increasing BMI greater than 24.9 kg/m2.171 Moreover, these
researchers found that “the dose-response relationship between BMI
and the risk of developing chronic diseases was evident even among
adults in the upper half of the healthy weight average (i.e. BMI 22.0–
24.9 kg/m2).” Thus, to completely minimize the risk of these chronic
diseases, the BMI would have to be 18.5 to 21.9 kg/m2. In addition,
sleep apnea, chronic hypoxia and hypercapnia and degenerative joint
disease,172 as well as ischemic stroke, pulmonary dysfunction,
steatohepatitis, osteoarthritis and increased mortality14 are associated
with increased body weight. In the most recent study, Mokdad and
associates173 confirmed the association between overweight and obe-
sity with diabetes, hypertension and inceased plasma cholesterol.
Arthritis, asthma and overall poor health status were also signifi-
cantly associated with excess body weight. Furthermore, the risk of
having two or more of these diseases/disorders increase with body
weight across all racial and ethnic subgroups.174

Table 2.4: Overweight/Obesity-Related Diseases and Disorders

Arthritis Gout
Asthma Hypertension
Abnormal blood lipids Insulin resistance
Adult onset asthma Ischemic stroke
Cancer (several forms) Mortality
Coronary heart disease Psychopathology
Daytime sleepiness Quality of life
Degenerative joint disease Respiratory diseases
Type 2 diabetes mellitus Sleep apnea
Gallbladder disease Steatohepatitis
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The prevalence of obesity-related co-morbidities strongly emphasizes
the importance of concerted efforts to prevent and treat overweight/
obese persons rather than just the associated co-morbidities. This
would not only decrease the prevalence of these weight-associated
disorders and related medical costs, but improve the quality of life
(i.e. physical function and vitality and decreased bodily pain),175 as
well as overall life expectancy. To examine this latter point, Gregg
and associates176 studied 6391 overweight and obese persons who
were 35 years and older over a nine-year period in which they evalu-
ated both the intention to lose weight and actual weight change.
After adjusting for age, sex, ethnicity, education level, smoking, health
status, health care utilization and initial BMI, those who reported
intentional weight loss had a 24% lower all-cause mortality rate than
those not trying to lose weight and had no weight loss.

Hypertension

The lifetime risk statistic is the probability that a person will
develop hypertension over the course of his or her remaining life-
time. To estimate the residual lifetime risk for hypertension in
older Americans, Vasan et al.177 studied 1298 individuals aged 55
to 65 years who were free of hypertension at baseline. From their
data, they estimated that the residual lifetime risk for developing
hypertension (i.e. �140/90 mm Hg) for individuals 55 years and
older is 90%.

The relationship between obesity and hypertension has been recog-
nized since 1923;178 numerous subsequent epidemiologic studies have
confirmed this close association.179 However, a complete understand-
ing of this relationship is not currently known. An early Framingham
study provided strong evidence that hypertensive persons gain weight
more readily than normotensive individuals.180 Their data suggested
that about 78% of essential hypertension in men and 65% of essen-
tial hypertension in women was directly attributed to obesity.
Moreover, they reported that weight gain during early adult life
was an important risk factor for the subsequent development of
hypertension. In a cross-sectional study (1976–1980) involving a
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representative sample of Americans, van Italle181 reported that the
prevalence of hypertension among overweight adults was 2.9 times
that of non-overweight adults; the risk was 5.6 times greater in people
aged 20 to 44 years than in those 45 to 74 years. In this study, the
BMI cut-off was 27.8 kg/m2 for men and 27.3 kg/m2 for women
(levels � 25–29.9 kg/m2 overweight; �30 kg/m2 obese). A similar
cross-sectional study found that for individuals who are 20% or more
overweight, the prevalence of hypertension is double that of persons
of normal weight.182

It is also now apparent that the association between obesity and
hypertension is not limited to adults. Indeed, once considered rare,
primary hypertension in obese children has become “a problem of
epidemic proportions.” Thus, in a recent literature review, Sorof
and Daniels183 reported that obese children are “at approximately a
three-fold higher risk for hypertension than non-obese children.”
Moreover, childhood hypertension increases across the entire range
of BMI values.

Although obesity is associated with various factors, including neu-
roendocrine disorders, increased cardiac output, blood volume,
sodium stores and possible neural abnormalities, none of them fully
differentiate between hypertensive and normotensive people.184 Masuo
and associates185 recently evaluated the contribution of sympathetic
nervous system activity to weight gain-induced blood pressure
elevation and concluded that sympathetic nervous activation with
weight gain is a major mechanism of increased blood pressure. There
is also a significant heritable component to blood pressure levels and
hypertension. Heritability estimates of resting systolic and diastolic
blood pressures, based on family studies, reportedly vary from 15 to
35%; twin study estimates are approximately 30 to 40% for women
and 60% for men.186 Moreover, a heritable component to salt sensi-
tivity has been reported in blacks where numerous studies have
reported a significantly higher prevalence of hypertension than in
whites in the US.187 A recent report by Larson et al.,188 however,
revealed no association between hypertension status of any of three
physiologically important candidate gene mutations. This lack of
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association persisted after stratification of this sample of African
Americans by gender and body size.

Various studies have demonstrated that nutritional changes with
weight loss have resulted in a significant reduction in blood pres-
sure. Stamler et al.189 reported that nutritional therapy may substi-
tute for drugs in a significant proportion of hypertensives. This
four-year trial assessed whether nutritional therapy in less severe
hypertensives can result in discontinuance of antihypertensive drugs.
The participants were divided into three groups: (1) discontinue
drug therapy, reduce body weight, excess salt and alcohol; (2) dis-
continue drug therapy with no nutritional changes; and (3) con-
tinue drug therapy without nutritional changes. Their data showed
that 30% of group 1 lost and maintained at least a ten-pound (4.5 kg)
weight reduction; sodium intake fell 36%, and there was a modest
reduction of alcohol intake. At four years, 39% of group 1 remained
normotensive without drug therapy compared with 5% of group 2.
Others recently confirmed that weight loss and sodium reduction is
a feasible, effective and safe non-pharmacologic therapy for hyper-
tension in older individuals.190

Masuo et al.191 reported that weight loss in obese hypertensives was
associated with favorable metabolic improvements. Moreover, these
improvements were amplified when combined with pharmacologic
treatment. In addition, Ben-Dov and associates192 recently reported
that marked weight reduction in morbidly obese people (BMI > 40 kg/m2)
lowers both resting and exercise blood pressures. They further
recommended that gastroplasty should be considered in markedly
obese hypertensive people who are not well controlled with conven-
tional therapies and who fail to lose or maintain a reduced weight by
diet alone.

Current recommendations for the primary prevention of hyperten-
sion consist of a population-based approach and an intensive target
strategy focused on those who are at high risk for hypertension.193

These complementary strategies emphasize the following six proven
approaches in preventing blood pressure elevation: (1) maintain
normal body weight (BMI � 24.9 kg/m2); (2) engage in moderate
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physical activity; (3) limit alcohol consumption; (4) reduce sodium
intake; (5) maintain adequate potassium intake; and (6) consume a
diet rich in fruits and vegetables, low-fat dairy products, and reduced
saturated and total fat.

Coronary heart disease

Although the recent decline in the mortality rate attributed to CHD is
encouraging, this disease remains the leading cause of death in West-
ern societies among both men and women. The pathogenesis of CHD
is complex and multifactorial. The commonly recognized risk
factors include, in addition to advancing age and male sex until women
reach menopause, the following: serum lipid levels (i.e. increased
total cholesterol, low density lipoprotein and triglycerides, decreased
high density lipoprotein, and others), increased blood pressure,
diabetes mellitus, cigarette smoking, physical inactivity, and being
overweight/obese. Less well appreciated risk factors are blood levels
of homocysteine, C-reactive protein, uric acid, fibrinogen and hema-
tocrit, among others (Chapter 1).

The role of obesity in CHD morbidity and mortality has been some-
what controversial. Questions regarding its specific role in this
disorder have been raised since obesity enhances various major risk
factors for CHD including elevated blood cholesterol and triglycer-
ide levels, decreased high density lipoprotein levels, diabetes mel-
litus and hypertension. Nevertheless, obesity has been shown to be
an independent risk factor for CHD.194 Long-term observational
studies have also provided evidence that overweight is an indepen-
dent predictor of overall mortality, as well as coronary atheroscle-
rosis, in both men and women.195,196 In addition, this increase in
relative risk begins at overweight levels often considered clinically
insignificant.

Body mass index and CHD

Rimm et al.197 reported a 72% increased risk for non-fatal or fatal CHD
in middle-aged men with a BMI of 25 to 29 kg/m2 (i.e. overweight)
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compared with men having a BMI of less than 23 kg/m2. More specifi-
cally, they found that among men younger than 65 years, the relative
risk was 1.72 for a BMI of 25.0 to 28.9 kg/m2, 2.61 for BMI 29.0 to
32.9 kg/m2 and 3.44 for those with a BMI of 33 kg/m2 or more com-
pared to men with a BMI of 23 kg/m2 or less. Among men 65 years
and older, the association between BMI and CHD risk was weaker.
However, the waist-to-hip ratio was a much stronger risk predictor than
BMI (relative risk 2.76 between the extreme quintiles).

Overweight is also a major risk factor for CHD in women. In a recent
longitudinal study,198 115,886 women (Nurses’ Health Study) 30–55
years old and free of CHD, stroke or cancer were followed for eight
years. They found that a higher BMI was associated with the occur-
rence in each category of CHD. After adjustment for age and smok-
ing, the relative risk for non-fatal myocardial infarction and fatal CHD
were as follows: 1.0 for BMI less than 21 kg/m2, 1.3 for BMI 21 to
less than 25 kg/m2, 1.8 for BMI 25 to less than 29 kg/m2 and 3.3 for
BMI greater than 29 kg/m2. Although controlling for a history of
hypertension, diabetes mellitus and increased serum cholesterol lev-
els attenuated the strength of the association, even mild-to-moderate
overweight increased the risk for CHD. Other important data linking
BMI and CHD involved non-smoking male Seventh-day Adventists199

who were followed for 26 years. Here, three important findings were
emphasized: (1) there was no increased mortality rate in the leanest
group; (2) a significant trend toward increasing mortality rate with
increasing BMI for all end points studied was noted; and (3) survival
analysis showed the protective effect associated with low BMI
decreased with advancing age and disappeared by 90 years of age.
Others reported the protective effect associated with the lowest BMI
quintile for CHD death significantly decreased with advancing age;
however, the effect remained greater than 1.0 for men at all ages.200

Obesity has also been shown to be an important risk factor in
non-Caucasian populations. Although CHD used to be rare among
American Indians, there has been a highly significant increase in
recent years. Howard and associates201 recently reported their
findings involving 13 American Indian communities in Arizona,
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Oklahoma and North/South Dakota. They found that the prevalence
rate of CHD among American Indian men and women was about
two-fold higher than those reported in the Atherosclerosis Risk Com-
munities Study.202 The significant CHD risk factors, in addition to
age, were obesity, increased blood lipid levels, diabetes and hyper-
tension. In addition, Lee et al.203 recently reported the relationship
between obesity and cardiovascular disease in a cross-sectional clinical
study of Hong Kong Chinese subjects. Using a BMI of 19.0 to 20.9 kg/m2

as the reference interval, the lowest CHD risk was associated with a
BMI of less than 23.0 kg/m2; the risk increased to 3.1 with a BMI of
23.0 to 24.9 kg/m2 and 5.0 with a BMI greater than 25.0 kg/m2. To
further evaluate the association between obesity and atherosclerosis,
McGill et al.204 studied the arteries (e.g. coronary and renal), blood
lipid levels, other tissues and the BMI from about 3000 forensic
autopsies performed on persons aged 15 to 34 years dying of exter-
nal causes. Although BMI was not statistically associated with
coronary atherosclerosis in young women, albeit there was a trend,
obesity was significantly associated with accelerated coronary
atherosclerosis in adolescent and young adult males.

Abdominal adiposity has also been associated with increased cardio-
vascular morbidity and mortality through mechanisms suggesting a
link between the metabolic disorder and platelet and vascular abnor-
malities. To further investigate this possible association, Davi et al.205

studied the clinical and biochemical determinants of lipid peroxidation
(i.e. urinary 8-isoprostaglandin F

2�
and 11-dehydrothromboxane B

2
),

plasma levels of the inflammation marker C-reactive protein, plasma
insulin and leptin. Their results showed that abdominal obesity was
associated with increased lipid peroxidation (i.e. oxidative stress
associated with increased free radicals) and persistant platelet acti-
vation, which may lead to thrombosis. The authors concluded that
“these abnormalities are driven by inflammatory triggers related to
the degree of abdominal adiposity and are, at least in part, reversible
with a successful weight-loss program.” Similarly, Esposito et al.206

conducted a multidisciplinary program aimed at reducing body weight
in obese women through lifestyle changes. In those who consumed
more foods rich in complex carbohydrates, monounsaturated fat and
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fiber, and had a lower ratio of omega-6 to omega-3 fatty acids, lower
saturated fat and cholesterol intake, there was a significant decrease
in BMI, interleukin-6, interleukin-18 and C-reactive protein while
adiponectin levels increased. In addition to the improvement in these
vascular inflammation markers, there was a reduction in insulin
resistance.

Obesity and heart failure

According to the American Heart Association, heart failure is a
major health problem of increasing concern.207 As such, the preven-
tion of heart failure by identification of the major risk factors and
preclinical phases of the disorder is very important. Numerous
studies have shown that obesity is consistently associated with left
ventricular hypertrophy and dilatation, which are well-known
precursors of heart failure.208,209

To further evaluate the relationship between obesity and the risk of
heart failure, Kenchaiah and associates210 investigated the relation
between the BMI and the incidence of heart failure among 5881 in-
dividuals from the Framingham Heart Study (mean age, 55 years;
54% women). After adjustment for established risk factors, the risk
of heart failure was 5% for men and 7% for women for each incre-
ment of one in BMI. Thus, compared to those with a normal BMI,
obese subjects (BMI � 30 kg/m2) had twice the risk of heart failure.
For women, the hazard ratio was 2.12; for men it was 1.90. More-
over, there was a graded increase in heart failure risk across catego-
ries of BMI.

Abdominal adiposity and CHD

As demonstrated above, obesity is generally defined by the BMI.
However, whether regional fat distribution, as measured by the waist-
to-hip ratio (WHR) or waist circumference (WC), is an independent
risk factor has been debated. However, several reports have demon-
strated that the WHR is an independent risk factor for CHD in
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men197,211,212 and probably in women.212,213 To better clarify the role of
abdominal obesity as an independent risk factor in women, Rexrode
and associates214 studied 44,702 women (Nurses’ Health Study) aged
40 to 65 years over an eight-year period. After adjusting for BMI and
other common CHD risk factors, they found that women with a WHR
of 0.88 or higher had a relative risk of 3.25 for CHD compared with
women with a WHR of less than 0.72. In those with a WC of 38
inches (96.5 cm) or more, the risk ratio was 3.06. Those with a WHR
of 0.76 or more or a WC of 30 inches (76.2 cm) or greater had more
than a two-fold higher risk for CHD. Moreover, the WHR and WC
were independently associated with an increased risk for CHD in
women with a BMI of 25 kg/m2 or less. Other adiposity measures
and their relationship to CHD have also been reported. For example,
Folsom and associates215 found a significant increase in the preva-
lence of CHD in 45- to 65-year-old black men and women where
obesity was defined by using the sum of subscapular and triceps skin
fold measurements. Additional analyses also showed that abdominal
adiposity increased the risk for CHD. As a result of these and other
studies, the American Heart Association reclassified obesity as a major
modifiable risk factor for CHD in 1998.216

Prevention of CHD

Although considerable effort has focused on the pharmacologic treat-
ment of increased blood lipid levels, diabetes mellitus and hyperten-
sion, these treatments may be associated with side effects, require
considerable medical intervention, and are expensive. Importantly,
changes in diet and lifestyle are also highly effective in the treatment
and prevention of CHD. For example, Katzel et al.217 carried out a
randomized controlled trial involving 170 obese (BMI 30 � 1 kg/m2)
middle-aged and older men which involved three nine-month inter-
ventions: diet-induced weight loss, aerobic exercise training and a
weight maintenance control group. They found that weight loss sig-
nificantly improved lipoprotein concentrations, glucose tolerance,
blood pressure and postprandial insulin levels. Aerobic exercise, in
the absence of weight loss, had significantly fewer beneficial effects
on these risk factors. Others218 assessed the validity of the 1990 US
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weight guidelines for women that support a significant weight gain
at about 35 years of age. The guidelines recommend a BMI range of
21 to 27 kg/m2 in terms of CHD risk. However, this report, which
included 115,818 women (Nurse’s Health Study) and used a BMI
reference of 21 kg/m2 or less, found a risk of 1.19 for a BMI of 21 kg/m2

to 22.9 kg/m2; 1.46 for a BMI of 23 to 24.9 kg/m2; 2.06 for a BMI of
25 to 28.9 kg/m2; and 3.56 for a BMI of 29 kg/m2 or higher. In women
who gained weight after 18 years of age, compared with those with
no weight gain, the relative risks were 1.25 for a 11 to 17 pound
(5–7.9 kg) gain; 1.64 for a 17 to 24 pound (8 to 10.9 kg) gain; 1.92
for a 24 to 42 pound (11–19 kg) gain; and 2.65 for a gain of 44 pounds
(20 kg) or more. The authors concluded that the current guidelines
“may be falsely reassuring to the large proportion of women older
than 35 years who are within the current guidelines. …”

This, and other reports, strongly encourage the prevention of fat ac-
cumulation by improved diet and lifestyle. In this regard, a recent
report219 from the Nurses’ Health Study defined subjects at low risk
as those who were not currently smoking, had a BMI less than 25 kg/m2,
consumed an average of at least half a drink of alcoholic beverage
each day, were actively involved in moderate-to-vigorous physical
activity (30 minutes/day minimum), and scored in the highest 40%
of the cohort for a healthy diet (i.e. high in cereal fiber, marine n-3
fatty acids and folate, high ratio of polyunsaturated fatty acids to
saturated fatty acids, low trans fatty acids and glycemic load). Their
results indicated that although many of these factors were correlated,
each was independent in predicting the risk of CHD after adjustment
for age, family history, blood pressure, increased blood total choles-
terol level and menopausal status. Women in the low-risk category
had a relative risk of CHD of 0.17 compared with all other women.
In addition, 82% of the coronary events during the study could be
attributed to lack of adherence to this low-risk pattern.

With regards to prevention, a 1995–1996 survey of patients with
CHD in nine European countries found substantial potential for risk
reduction (EUROASPIRE I).220 A follow-up survey (EUROASPIRE
II) was carried out in 1999–2000 to determine whether the risks for
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CHD had decreased.221 There were 3569 patients with CHD in the
first survey and 3379 in the second. The findings were as follows:
(1) obesity (BMI � 30 kg/m2) increased from 25.3% to 32.8%;
(2) smoking remained essentially unchanged (19.4% versus 20.8%);
(3) hypertension remained essentially unchanged (55.4% versus
53.9%); (4) increased total serum cholesterol (�5.0 mmol/L;
about 200 mg/dL) decreased significantly (86.2% to 58.8%); and
(5) aspirin or other antiplatelet therapy was unchanged (83.9%).
The study panel concluded that adverse lifestyle trends in Europe-
ans with CHD remained serious and that there was “a collective
failure of medical practice in Europe to achieve the substantial
potential among patients with CHD to reduce the risk of recurrent
disease and death.” These same problems are probably even greater
for Americans since they are significantly more overweight and
obese than the Europeans.

Blood lipid levels

The association between atherosclerosis and increased serum
cholesterol levels was first reported in 1938 when an increased preva-
lence of premature CHD and acute myocardial infarction was recog-
nized in patients with hereditary xanthomatosis.222,223 Since then
numerous studies in both men and women have shown that, in addi-
tion to total cholesterol (TC), other lipid fractions are also correlated
with CHD;224 these include increased blood levels of low-density
lipoprotein cholesterol (LDL-C), triglycerides, lipoprotein (a) and
apolipoprotein B, decreased high-density lipoprotein cholesterol
(HDL-C) and increased TC to HDL-C ratio.

Although several early reports suggested a correlation between body
weight and TC, they involved very few subjects whose relative weights
were usually calculated from their observed weight and an expected
weight based on age, sex and height. Perhaps one of the most com-
plete early studies of the relationship between serum cholesterol and
body fatness was reported in 1966 when Montoye and associates225

studied these parameters in an entire community of 6500 male and
female subjects aged four to over 80 years. They concluded that “a
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low but statistically significant relationship was found between
serum cholesterol levels and body fatness, even at an early age and
particularly among male subjects.”

Serum HDL levels are strongly and inversely correlated with CHD.226

In addition, the concentration of plasma HDL-C correlates inversely
with body mass.227 This latter study, involving 6865 white children
and adults (males, females about equal), found that overall weight,
weight/height, weight/height2 and weight/height3 were significantly
associated with triglyceride levels and inversely associated with
HDL-C. After multiple regression analysis which included cigarette
smoking, alcohol intake and exogeneous estrogen use, the weight/
height2 index was significantly and inversely correlated with HDL-C
levels in both children and adults of both sexes.

Several studies have shown a direct relationship between abdomi-
nal obesity and CHD which is partially mediated through altered
dyslipidemia metabolism. In a recent report,228 dyslipidemia
(defined as TC/HDL-C ratio > 5.0) was compared with waist-to-
hip ratio (WHR) and waist circumference (WC) [abdominal
obesity: WHR � 0.90 in men, 0.80 in women; WC � 94 cm in men
(42.7 inches), >80 cm in women (36.4 inches)]; the data showed a
consistent direct association between abdominal obesity and
dyslipidemia. Moreover, these findings held for caucasians from
two different regions and for persons of black descent. The authors
emphasized that since the data was consistent across ethnicities and
environments, the hypothesis of a common etiopathological mecha-
nism is strengthened.

Others229 also reported an inverse relationship between serum HDL-C
levels and visceral obesity, while hyperinsulinemia, increased plasma
triglycerides and small dense LDL particles were directly
associated. Pouliot et al.230 also reported an inverse relationship
between abdominal obesity and plasma HDL-C and a positive corre-
lation with plasma triglyceride and insulin levels. The glucose and
insulin areas under the curves measured during an oral glucose toler-
ance test also correlated with abdominal fat.
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Importantly weight loss has been shown to improve lipid profiles in
postmenopausal obese women.231 This study, which extended over a
nine-month period, showed that women who reduced their body weight
by 14% significantly lowered their plasma concentrations of LDL-C
and triglycerides and raised their plasma HDL-C levels. The TC/
HDL-C ratio was also significantly decreased. Childhood and ado-
lescent obesity has also been associated with increased plasma levels
of TC, triglycerides and LDL-C.232 These authors reported that in a
multidisciplinary weight reduction program, a combination of diet,
behavior modification and exercise was effective in lowering these
lipid levels in both boys and girls. They also noted that obese girls
were more susceptible than boys to decreases in their plasma LDL-C
concentrations.

Type 2 diabetes mellitus

Type 2 diabetes mellitus (non-insulin-dependent diabetes; late-onset
diabetes), which comprises at least 90% of all diabetics, has increased
dramatically over the past few decades and is now the sixth leading
cause of death in the US,233 but may actually be higher since it is an
important risk factor for numerous medical conditions. Thus, diabet-
ics are at risk for the development of diabetic ketoacidosis, hypergly-
cemic hyperosmolar non-ketotic coma and hypoglycemia, as well as
neurologic deficits and skin disorders. Diabetes is also a major risk
factor for premature CHD and stroke and is a leading cause of blind-
ness, kidney failure and limb amputation. In the year 2000, there
were an estimated 110 million people worldwide with diabetes; in
2010, an estimated 220 million people will be diabetic.234

Harris et al.235 estimated that the prevalence of diagnosed diabetes in
1988–1994 was about 5.1% of American adults 20 or more years of
age. When extrapolated to the 1997 American population, the total
was 10.2 million people; an additional 5.4 million Americans were
estimated to be diabetic but undiagnosed. Moreover, the number of
individuals with impaired fasting glucose was estimated to be 13.4
million. A more recent study236 reported that the prevalence of diabe-
tes rose from 4.9% in 1990 to 6.5% in 1998 — an increase of 33% in
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eight years. This translates into about 13 million known diabetics in
1998, and presumably more than the 5.3 million undiagnosed cases
noted above. These authors reported increases in both sexes and all
ages, ethnic groups, education levels and in most states. Hispanics
had a 38% increase compared with 27% of whites and 26% of blacks.
They, among others, emphasized that the prevalence of diabetes is
highly correlated with the prevalence of obesity. These latter authors
sought to determine whether this increase was continuing.237 Using
1999 data from the Behavioral Risk Factor Surveilance System, they
found the prevalence increased to 6.9% in 1999, a 6% increase in
just one year. The average weight also increased from 76.2 kg in 1998
(167.4 pounds) to 76.7 kg (168.7 pounds) in 1999. By the year 2050,
an estimated 29 million Americans will suffer from type 2 diabe-
tes.238 The largest percent increase in diagnosed diabetes is expected
in individuals aged 75 years and older.

African American men are reportedly 20 to 50% more likely and
African American women greater than 100% more likely to de-
velop type 2 diabetes than white men and women, respectively.239,240

There has also been a marked increase in the prevalence of diabe-
tes in American Indians. For example, the prevalence of diabetes
in Navajos over the past several decades has markedly increased.
In 1981 an estimated 10% of Navajos over age 45 years had
diabetes; in 1996 the prevalence was 21.2%.241 Furthermore, a sur-
vey conducted between 1931 and 1936 reported only one case of
diabetes in 6331 Navajo hospital admissions.242 Major risk
factors in both African Americans and Navajos include being over-
weight and physically inactive. Others243 reported that the number
of Native Americans and Alaskan Natives of all ages diagnosed
with diabetes increased from 43,262 to 64,474 between 1990 and
1997. In 1997, the age-adjusted prevalence among these two
groups was 8.0%. Although the prevalences of diabetes during
1990–1997 was higher among women, the rate of increase was
greater among men (37% versus 25%). Interestingly, the 1997 age-
adjusted prevalence varied by region, ranging from 3% in Alaska
to 17% in the Atlantic region.
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In 1986, it was conservatively estimated that the annual medical costs
of diabetes were US$11.6 billion.244 In 1992 total costs rose to about
US$45.2 billion,245 which was almost 15% of the national health care
expenditures,246 and in 1997 the estimated total diabetic costs had
risen to US$77.7 billion.247 The current annual costs are at least
US$100 billion248 and will continue to rapidly escalate unless wide-
spread lifestyle changes occur.

Valdmanis and co-investigators249 assessed the cost and burden of
diabetes in broad terms of economic status as reflected in income,
employment, general health, disability days, general health status and
medical care access. Their findings for diabetics, compared with con-
trols matched for age, sex and race/ethnicity for the most recent
30 days, were respectively as follows: (1) poor physical health, 8.3
versus 3.0 days; (2) poor mental health, 2.8 versus 1.8 days; (3) total
disability, 5.2 versus 1.3 days; and (4) lower general health status,
50% versus 20%. In addition, among persons with diabetes, 16%
had no health insurance compared with 10% of the matched group;
22% of persons with diabetes needed a physician but were unable to
pay for the services compared with 11% for the matched group; and
16% of diabetics were unemployed compared with 3% of the com-
parison group. Thus, in this Oklahoma study, persons with diabetes
were disadvantaged on all measures of well-being compared with
the matched control group.

Body weight and diabetes mellitus

The hallmark of type 2 diabetes is insulin resistance, a defect in the
body’s ability to remove glucose from the bloodstream despite the
presence of normal or even elevated insulin levels. Thus, recent stud-
ies suggest that the disease is triggered when the delicate balance
between insulin responsiveness and insulin production goes awry.250

The exact mechanism whereby this occurs is still poorly understood.
However, the current epidemic of type 2 diabetes has generally been
attributed to an increasingly sedentary lifestyle and Westernized diet
in genetically susceptible populations.
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An association between the average weight of population groups and
the prevalence of type 2 diabetes has been repeatedly observed. In an
early report, the risk of diabetes was two-fold in mildly obese, five-
fold in moderately obese and ten-fold in severely obese people com-
pared with those of normal weight.251 Moreover, both men and women
are affected equally. Colditz et al.252 reported on the relationship
between BMI and risk of diabetes in a cohort of 113,861 American
women aged 30 to 55 years in 1976; the follow-up period was eight
years. Here, women with a BMI of 23.0 to 23.9 kg/m2 were
3.6 times more likely to develop diabetes than women with a BMI of
22 kg/m2. Moreover, the risk continued to increase as the BMI
increased beyond 24 kg/m2. In addition, after age 18 years, an in-
crease of 20 to 35 kg (44–77 pounds) resulted in a relative risk of
11.3 and for an increase of more than 35 kg, the relative risk was
17.3. Importantly, adjustment for a family history of diabetes did not
appreciably affect the relationship between BMI and diabetes. A
subsequent study by the same scientific group, involving 114,281
female nurses,253 showed similar results. In addition, the authors
emphasized the importance of maintaining constant body weight
throughout adult life. They also noted that the 1990 US Department
of Agriculture guidelines that allow a substantial weight gain in women
after age 35 years are misleading.

Chan and associates254 investigated the relation between obesity, fat
distribution and weight gain through adulthood and the risk of diabe-
tes from a cohort of 51,529 American men. Not surprisingly, their
results also showed a strong positive association between BMI and
risk of diabetes in men of all ages. However, the strongest associa-
tion between diabetes and weight involved the 50- to 59-year-old
group. Here, the multivariate relative risk (RR) compared with a BMI
of less than or equal to 23.0 kg/m2 were as follows: BMI 24.0–24.9 kg/m2,
RR 2.9; BMI 27.0–28.9 kg/m2, RR 13.3; BMI 31.0–32.9 kg/m2,
RR 23.0; and BMI � 35 kg/m2, RR 42.6. Although the RR was less
for men under age 50 and over age 60, it was still highly significant
in both groups. The BMI at age 21 years and absolute weight gain
throughout adulthood were also significant risk factors for diabetes.
On the other hand, the WHR was a good predictor of diabetes only
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among the top 5% while the WC was positively associated only among
the top 20%. Similarly, others255 recently reported a direct correla-
tion between increased weight and diabetes from a national cohort of
American adult men and women. However, there was no evidence
that the results differed by age, sex or race. They predicted that the
increase in BMI of American adults that occurred during the 1980s
may portend a significant increase in type 2 diabetes with important
subsequent public health consequences. Interestingly, Shaper et al.256

concluded, from their study of the effects of body weight on diabe-
tes, CHD and stroke in middle-aged men, that the healthiest BMI
was about 22 kg/m2.

Anthropometric measures of overall and central obesity as predic-
tors of type 2 diabetes have not been studied as thoroughly as BMI,
especially in women. As a result, Carey and co-workers257 recently
reported that in American women the measurement of waist circum-
ference, with or without hip circumference, is a potentially useful
and simple tool for counseling patients regarding their risk for type 2
diabetes. They found that a BMI of �29.9 kg/m2, compared with a
BMI of 20.1 kg/m2, increased the risk ratio to 11.2; the risk for a
waist to hip ratio of 0.86 versus 0.70 was 3.1; and the risk of a waist
circumference of 36.2 inches versus 26.2 inches was 5.1. In addition,
Boyko et al.258 compared visceral (intra-abdominal) and regional (tho-
racic and thigh areas) adiposity by computed tomography in both
second- and third-generation Japanese American men. They concluded
that increased visceral adiposity precedes the onset of type 2 diabe-
tes and that it is independent of fasting insulin and blood glucose
levels, total and regional adiposity and family history of diabetes.

Type 2 diabetes and hypertension have both been associated with a
decline in cognitive function.259 The Atherosclerosis Risk in Com-
munities biracial cohort, which consisted of 8729 white persons and
2234 black persons, underwent cognitive assessments on two occa-
sions separated by six years. Subjects ranged from 47 to 70 years at
the first assessment. In multivariate analysis, controlled for demo-
graphic factors, the presence of diabetes at baseline was associated
with greater decline in both the digit symbol subtest (DSS) and word



130 Chapter 2

fluency test; those with hypertension at baseline were associated with
a greater decline in the DSS alone. The association of diabetes with
cognitive decline persisted when analysis was restricted to the 47- to
57-year-old subgroup. The authors suggested that control of these
two disorders before age 60 may decrease the burden of cognitive
impairment in later years.

Unfortunately, the prevalence of obesity and diabetes continues to
increase significantly among American adults. A recent report260

estimated the prevalence of obesity (BMI � 30 kg/m2), diabetes and
use of weight control strategies among American adults in 2000. Here,
the Behavioral Risk Factor Surveillance System was used to conduct
a random survey in all states involving 184,450 persons 18 years and
older. Their results showed the following: (1) obesity prevalence was
19.8%; (2) diabetes prevalence was 7.3%; (3) Mississippi had the
highest rate of obesity (24.3%) and diabetes (8.8%); (4) Colorado
had the lowest rate of obesity (13.8%); (5) Alaska had the lowest rate
of diabetes (4.4%); (6) 27% did not engage in any physical activity;
(7) 28.2% were not regularly active; and (8) only 24.4% consumed
five or more servings of fruits and vegetables daily. These authors,
along with others, emphasized the critical national need for interven-
tions to improve diet and increase physical activity and thereby
control the current obesity epidemic.

Type 1 diabetes (insulin-dependent diabetes; juvenile diabetes)
usually begins in late childhood or early adolescence, the peak
age of onset being about 12 years. The disease most often begins
somewhat abruptly and is characterized by insulinopenia, depen-
dence on exogenous insulin, and a tendency to develop ketoaci-
dosis. Although the etiology is unknown, the lack of insulin
production may be due to injury to the pancreatic islet beta cells,
possibly secondary to a genetic predisposition to a viral infection
or to autoimmunity. However, recent studies suggest that other
factors may be involved. For example, Hypponen et al.261 recently
reported an association between infant weight gain and the devel-
opment of type 1 diabetes. Moreover, others262,263 previously noted
that children with juvenile diabetes were taller than non-diabetic
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children up to several years before the development of diabetes.
In addition, a more recent study found that both obesity and rapid
linear growth appear to be important risk factors for type 1 diabe-
tes.264 These studies suggest that the progressive increase in the
number of overweight and obese children over the past few de-
cades may be an important factor in explaining the corresponding
increase in type 1 diabetes.

Type 2 diabetes in children and adolescents

Until relatively recently, type 1 diabetes was the only relatively com-
mon form of diabetes in children (1–2% of diabetic children had
type 2 diabetes or another rare form). Recent studies, however, in-
dicate that the current childhood and adolescent obesity epidemic
is associated with a dramatic increase in type 2 diabetes (previ-
ously referred to as “late onset diabetes”). Indeed, estimates
suggest that type 2 diabetes may now represent about 50% of all
new cases of diabetes in certain pediatric populations.265 This very
costly diabetic epidemic is primarily attributable to the increased
rates of childhood obesity. Indeed, the annual obesity-related
hospital costs in 6- to 17-year-olds has been estimated at
US$127 billion.266

A recent multiethnic study of obese children and adolescents showed
that impaired glucose tolerance (IGT) is highly prevalent, irrespec-
tive of ethnic group.267 Thus, IGT was present in 25% of obese
children aged four to ten years and 21% of obese adolescents aged
11–18 years. However, impaired glucose tolerance is not limited to
obese American children and adolescents. For example, a recent
study of 710 grossly obese Italian children and adolescents, aged
six to 18 years, found that glucose intolerance was present in 4.5%.268

In addition, insulin resistance, impaired insulin secretion and dias-
tolic blood pressure “were significantly and independently related
to 2-h postload glucose values.” The prevalence of type 2 diabetes
is also rapidly increasing in Canadian269 and Asian-Indian270

children and adolescents.
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The American Diabetes Association recently reviewed the literature
regarding the significant increase in type 2 diabetes in children and
adolescents and noted the following:271

(1) 8–45% of children/adolescents recently diagnosed with diabetes
had type 2 (the variation in percentages depended on race/ethnicity
and sampling differences);

(2) the peak age of type 2 diabetes in children was mid-puberty;
(3) in white children, total adiposity accounted for about 55% of

variance in insulin sensitivity;
(4) obese children were hyperinsulinemic and had about 40% lower

insulin-stimulated glucose metabolism;
(5) the inverse relationship between abdominal fat and insulin sensi-

tivity was stronger for visceral than for subcutaneous fat; and
(6) African-American children aged seven to 11 years had signifi-

cantly higher insulin levels than age-matched white children.
Published data suggested that minority children may have a
genetic predisposition to insulin resistance.

Testing (fasting blood glucose) for type 2 diabetes was recommended
for the following children and adolescents:271

(1) Overweight (BMI > 85th percentile for age, sex).
(2) Plus any two of the following:

(a) family history of type 2 diabetes in first- and second-degree
relatives;

(b) belong to a specific race or ethnic group (African-American,
American Indian, Hispanic American and Asian/South
Pacific Islander); and

(c) signs of insulin resistance or conditions associated with
insulin resistance (acanthosis nigricans, hypertension and
dyslipidemia).

Prevention of type 2 diabetes

Type 2 diabetes mellitus is, to a highly significant degree, a prevent-
able disease. Several recent reports will serve as examples. It has
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long been assumed that type 2 diabetes is due primarily to obesity, a
sedentary lifestyle and a positive family history. To evaluate these
factors, Tuomilehto and associates272 randomly assigned a large group
of middle-aged, overweight and obese men and women (mean BMI
31 kg/m2) with IGT, a well-known significant risk for type 2 diabe-
tes, to either an intervention or control group. Each person in the
intervention group was counseled to reduce their weight and intake
of total and saturated fat, and to increase their fiber intake and physi-
cal activity (i.e. moderate exercise at least 30 minutes/day). After
four years, the cumulative incidence of diabetes was 11% of the
counseled group compared with 23% of the control group (a 58%
reduction). Similarly, a large Chinese study was reported in which
110,660 men and women were initially screened for IGT and diabe-
tes in 1986.273 Of these, 577 were classified as having IGT (WHO
criteria) and were randomized either to a control group or to one of
three active treatment groups: diet only, exercise only or diet plus
exercise. Regular follow-up evaluations were carried out over a
six-year period. The cumulative incidence of diabetes at six years
was 67.7% in the control group. After adjusting for differences in
baseline BMI and fasting glucose, the diet, exercise and diet-plus-
exercise interventions were associated with 31%, 46% and 42%
reductions, respectively in the risk of developing diabetes.

More recently, the results of a large scale study involving a diverse
group of overweight men and women with IGT was reported.274 This
three-year study involved 3234 participants aged 25 to 85 years; 45%
were minorities. Compared with the control group, those who lost
just ten to 15 pounds (5–7% of body weight) and walked briskly for
30 minutes five days/week, decreased their risk by 58%; those
60 years and older reduced their risk by 71%. A second group of
non-dieting, non-exercising participants who took 850 mg of
metformin, an antihyperglycemic agent, twice daily reduced their risk
by 31% compared with the control group. The percent of persons
who developed type 2 diabetes during the study period is shown in
Fig. 2.1. Similarly, Hu and associates275 recently reported their find-
ings on the association of diet and lifestyle with type 2 diabetes in
84,941 female nurses who were followed for 16 years. Their results
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showed that overweight or obesity was the single most important pre-
dictor of type 2 diabetes. In addition, lack of exercise, a poor diet and
current smoking and excess alcohol intake were all associated with a
significantly increased risk of type 2 diabetes independent of BMI.
Of prime importance is that 91% of the 3300 new cases of type 2
diabetes were attributed to an unhealthy lifestyle and were, there-
fore, preventable.

These recent publications make it clear that weight control (maintain
BMI < 25 kg/m2), proper nutrition and moderate daily exercise would
markedly decrease the risk for this common, highly destructive and
extremely costly disease. It would also improve the quality of life,
increase life expectancy and substantially decrease medical costs.

Cancer

Cancer is the second leading cause of death in the US and other
industrialized countries. In 2002, the estimated number of new
cancer cases and deaths in the US was 1,284,900 and 555,500,
respectively.276 The relationship between overweight or obesity and
cancer has been studied for many decades and several forms of can-
cer have been associated with excess body weight (Table 2.5). In
1959, the American Cancer Society began a 12-year prospective study
involving about 750,000 male and female volunteers.277 They com-
pared the death rates for persons of average weight with those who

Figure 2.1: Lifestyle, metformin and type 2 diabetes mellitus.274
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were considered both overweight and underweight. Men who were
considered 40% or more overweight had a cancer mortality ratio of
1.33; the ratio for women was 1.55. Overweight men had signifi-
cantly higher mortality ratios for colorectal and prostate cancers while
overweight women had increased rates for endometrial, ovarian, cer-
vical, gall bladder and breast cancers. In a recent prospective study,
more than 900,000 American adults (404,576 men; 495,477 women)
who were free of cancer in 1982 were followed for 16 years.278 After
controlling for other risk factors, the authors estimated “that current
patterns of overweight and obesity in the US could account for 14%
of all deaths from cancer in men and 20% of those in women.”

A report of physicians’ failure to screen obese women for cancer is
also of considerable importance.279 In this study, overweight and obese
women were less likely to be screened for both cervical and breast
cancer with Papanicolaou (pap) smears and mammography than nor-
mal weight women. This is particularly unfortunate since overweight
women have higher mortality rates for these two cancers and should,
therefore, be targeted for increased screening.

Breast cancer

Breast cancer is the second most common worldwide malignancy
among women; it is the most common female cancer in developed
countries. In 2002, an estimated 205,000 new breast cancer cases
were diagnosed in the US (1500 were men).276 However, early
diagnosis and treatment greatly improves the prognosis (about
40,000 deaths/year; 19.5% of total cases). In addition to the Ameri-
can Cancer Society’s study,277 several other studies have also shown a
correlation between the degree of obesity and increased mortality

Table 2.5: Excess Body Weight and Associated Cancers

Breast Liver Prostate
Colon Multiple myeloma Rectum
Endometrial Non-Hodgkin’s lymphoma Stomach
Gallbladder Ovary Uterine cervix
Kidney Pancreas
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for breast cancer in postmenopausal women.280–284 Almost 50% of
breast cancer cases among postmenopausal women reportedly occur
in those with a BMI of 29 kg/m2 or greater.285 In addition, women in
the Nurse’s Health Study gaining more than 9 kg (20 pounds) from
age 18 to midlife doubled their risk for breast cancer compared with
those whose weight was stable during this time period.286 Similarly,
Li and associates287 reported the following: (1) women who gained
70 pounds or more since age 18 had a significantly increased risk for
breast cancer relative to those whose weight remained within ten
pounds of their weight at age 18; (2) women with a BMI below what
is usually considered healthy (i.e. �18 kg/m2) had a significantly
reduced breast cancer rate; and (3) women with BMI in the obese range
(i.e. �30 kg/m2) had an increased risk of breast cancer.

Other studies have reported on the association between waist cir-
cumference and waist-to-hip ratio and breast cancer risk. For example,
a recent report from the Nurses’ Health Study288 (47,382 women)
found that in postmenopausal, but not premenopausal, women who
had never received hormone replacement therapy, the risk for the
highest quintile of waist circumference (36–55 inches) versus the
lowest quintile (< 27.9 inches) was 1.88. A similar direct association
was noted between waist-to-hip ratio and breast cancer risk.

For both colon and breast cancer, and presumably others, there is
some controversy regarding the competing etiologic roles of high-fat
diets versus obesity.289 That is, does obesity, which reflects an
individual’s lifestyle (high calorie intake and physical inactivity)
result in the increased cancer rate or is it the nature of the diet (e.g.
high fat and low antioxidants)? The hypothesis that a high intake of
dietary fat may increase the risk for breast cancer came mainly from
animal studies. Here, experiments with rats and mice showed that
high fat intake increases the incidence of breast cancer.290 In agree-
ment with the animal studies, Wakai et al.291 conducted a case-
controlled study with Indonesian women from 1992 to 1995. They
found that in the pre-marriage period, the greater the fat intake the
greater the breast cancer risk while increased carbohydrate intake
during this period decreased the risk. A similar, albeit not quite as
strong, association in the post-marriage period was also noted.



Overweight and Obesity 137

Colorectal cancer

Colon cancer is the third most common cancer among both men and
women in the US; it is the second most common cause of cancer deaths.
In 2002, there were an estimated 107,300 newly diagnosed cases of
colon cancer in the US (50,000 men; 57,300 women) and 48,100 deaths
(23,100 men; 25,000 women).276 In addition, there were an estimated
41,000 cases of rectal cancer (22,600 men; 18,400 women) with 8500
deaths (4700 men; 3800 women).276

There is consistent and strong evidence that obesity is associated
with an increased risk of colorectal cancer, as well as a diet high in
red meat and animal fat, and a low intake of vegetables, whole grain
cereals and fish. Although up to 50% of colon cancers have a strong
inherited factor, the remaining cases are primarily related to diet and
lifestyle. Thus, the largest prospective study showed that mortality
from colorectal cancer was significantly elevated in men who were
40% or more overweight; however, no such increase was noted in
women.292 Ford,293 however, reported that excess body weight is a
strong colon cancer risk factor for both men and women. Compared
with individuals whose BMI was � 22 kg/m2, the hazard ratios for
increased BMI was 1.79, 1.86, 2.47, 3.72 and 2.79 respectively for
those with BMI (kg/m2) 22–23.9, 24–25.9, 26–27.9, 28–29.9 and >30.

Because study results have been somewhat conflicting, Shike292 sug-
gested that being overweight is likely a surrogate and that other risk
factors, including high fat diet, energy-dense food, inadequate fruits
and vegetables, and lack of physical activity are the major risk fac-
tors. Conversely, several important studies have shown that body
weight is directly associated with colon cancer. For example,
Giovannucci et al.294 studied the association between obesity, physi-
cal inactivity and colon cancer and adenomas in 47,723 male profes-
sionals (Health Professionals Follow-up Study). Their results showed
that physical activity was inversely associated with colon cancer.
However, BMI was also directly associated with increased risk of
colon cancer and was independent of the level of physical activity.
Waist circumference and waist-to-hip ratio were also strong colon
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cancer risk factors. These latter associations also persisted after
adjustment for physical activity and BMI. Similar associations were
noted for colon adenomas 1.0 cm or more in diameter, but not in
smaller ones.

Recent Italian studies have also shown that excessive weight at vari-
ous ages predict an increased risk for colorectal cancer in men while
in women, abdominal obesity indicated by increased waist-to-hip ratio,
was a more reliable risk indicator.295 Others studied the association
between obesity, weight gain and large weight changes and colorectal
adenomatous polyps.296 Compared with subjects in the lowest BMI
quartile, these authors reported increasingly higher odds ratios for
those in increasingly higher BMI quartiles as follows: 2.1, 1.8 and
1.7 compared with subjects with a net weight loss during the
ten years before sigmoidoscopy. Those with net weight gains of 1.5
to 4.5 kg (3.3–9.9 pounds) or greater than 4.5 kg (> 9.9 pounds) had
odds ratios of 2.5 and 1.8, respectively. Thus, BMI, weight gain,
unstable weight, waist circumference and waist-to-hip ratio may all
be independent risk factors for colorectal cancer.

Although the association between body weight and colorectal cancer
is strong for men, studies have been inconsistent in women. How-
ever, this inconsistency may have been explained in a recent study of
89,835 women aged 40 to 59 years during an average of 10.6 years
follow-up (Canadian National Breast Screening Study).297 The
results showed that obesity (BMI � 30 kg/m2) was associated with
about a two-fold increased risk of colorectal cancer among women
who were premenopausal at baseline. However, there was no
association among women who were postmenopausal at baseline.

It is also of considerable importance to note the similarity of lifestyle
and environmental risk factors for colon cancer and type 2 diabetes
(increased BMI and central obesity, physical inactivity and increased
intake of refined carbohydrates). Although this relationship is not
fully understood, diabetics reportedly have slightly elevated rates
of colorectal cancer.298–300 In a recent prospective study with 13 years
follow-up, Will and co-workers301 found a significant positive
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correlation between type 2 diabetes and colorectal cancer in men; a
weaker but non-significant positive association was noted in women.
However, Hu et al.302 recently reported data from their prospective
study supporting the hypothesis that diabetes may be an indepen-
dent risk factor for colorectal cancer in women (Nurses’ Health
Study). After a follow-up period of 18 years and adjustment for
age, BMI and physical activity, the relative risk for diabetics was
significant at 1.43 for colorectal cancer, 1.49 for colon cancer, 1.11
for rectal cancer, 1.56 for advanced colorectal cancer and 2.39 for
fatal colorectal cancer.

Prostate cancer

Prostate cancer is the most common malignancy in American men.
In 2002, there were an estimated 189,000 new cases and 30,200
deaths.276 The incidence was highest among Black Americans and
lowest in the population from Eastern Asia.303 However, little is cur-
rently known regarding its causes. Many studies have linked obesity,
physical inactivity and diet with prostate cancer. Obesity has also
been associated with endocrine changes (i.e. decreased testosterone
and increased estrogen blood levels) which have been implicated in
prostate carcinogenesis. Hence, an association between body weight
and risk for prostate cancer may be expected.

Following the National Cancer Society’s report linking obesity with
prostate cancer,283 Snowdon and associates304 reported similar
findings in white male Seventh-day Adventists. They reported that
overweight men had a significantly higher risk of fatal prostate can-
cer than those near their “desirable” weight; the relative risk was 2.5
for those who were overweight. Their data also suggested a positive
correlation between fatal prostate cancer and increased consumption
of milk, cheese, eggs and meat in that the relative risk for prostate
cancer was 3.6 for those who consumed large quantities of all four
animal products.

A more recent population based case-controlled Swedish study305

found that high BMI and total food consumption are independent
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risk factors for prostate cancer. More specifically, an odds ratio of
2.22 was found for those who consumed somewhat more and 3.89
for those who consumed much more food than men in general. The
increased trend for BMI showed an odds ratio of 1.44 for BMI of 26
to 29 kg/m2 and 1.80 for those whose BMI was over 29 kg/m2 com-
pared to men with a BMI of 23 kg/m2. Multivariate analysis showed
that both total food consumption and BMI remained as independent
risk factors. In addition, neither tobacco nor alcohol use changed the
risk for prostrate cancer.

Others have also reported a direct association between body weight
and prostate cancer. In the Iowa 65+ Rural Health Study, Cerhan
et al.306 reported a risk ratio of 1.7 for men with a BMI greater
than 27.8 kg/m2 compared with a BMI less than 23.6 kg/m2. In
addition, the percent change in BMI after age 50 was positively
associated with an increased risk. In this study, cigarette smoking
and physical inactivity were also independent risk factors for
prostate cancer.

Anderson and others307 studied the relationship between body size
(BMI, weight, height and lean body mass) and prostate cancer among
135,006 Swedish men. They found that all anthropometric measure-
ments were positively associated with the risk of prostate cancer.
Moreover, these factors were more strongly associated to cancer
mortality than to incidence. The excess risk of death from prostate
cancer was also significant in all BMI categories above the reference
category (relative risk 1.4). Both height and lean body mass were
also directly associated with the incidence of prostate cancer, although
BMI was not.

Endometrial cancer

In 2002, there were an estimated 39,300 new cases of endometrial
cancer with 6600 deaths in the US.276 Several early clinical investiga-
tions found that excess body weight was common in women with
endometrial carcinoma. For example, in 1959 Kottmeier308 reported
that 29% of a series of Swedish women weighed 180 pounds or more;
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an additional 7% weighed over 220 pounds. The incidence of obesity
and endometrial cancer from seven additional early reports varied
from 21% to 64%.309

In an Italian case-controlled study to evaluate endometrial cancer
risk factors, the use of non-contraceptive estrogens was found to be
of moderate risk.310 Obesity, however, was noted to be the most
important single risk factor related to endometrial carcinoma. More
recently, an estimated 34% to 56% of cases of endometrial cancer
has been attributed to increased body weight (BMI > 29 kg/m2).288

Others311 recently reported that increased body weight, BMI and waist-
to-hip ratio were significantly higher in postmenopausal women with
endometrial adenomatous and atypical hyperplasia than in controls.
However, after multivariate analysis, only BMI remained statistically
associated with precancerous adenomatous hyperplasia. It should also
be noted that, as with other epithelial tumors, an increased incidence
of endometrial cancer has been associated with type 2 diabetes.312

However, as these authors noted, the increased risk may be confounded
by obesity.

Renal cancer

Renal cell cancer accounts for about 2% of all cancers worldwide.
There was an estimated 31,800 new cases of kidney and renal pelvis
cancers in the US in 2002 (19,100 men; 12,700 women) with 11,600
deaths (7200 men; 4400 women).276 McLaughlin and Lipworth313 re-
cently reviewed the epidemiology of renal cell cancer and reported
the following: (1) renal cell carcinoma accounts for about 2% of
worldwide cancers; (2) the incidence of renal cell cancer has been
increasing in North America and northern Europe but not in other
countries; (3) in recent years the rate has increased in the US by
about 3% per year; (4) cigarette smoking is an important risk factor;
(5) obesity and increased relative body weight are major determi-
nants of renal cancer, especially in women.

Mellemgaard and co-workers314 reported their results from an inter-
national multicenter population-based case-control study of renal cell
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cancer. They considered BMI, height, physical activity and use of
amphetamines as possible risk factors for renal cancer. BMI was found
to be a significant risk factor among women but to a lesser extent in
men. A three-fold increased risk was observed for women with a
relative weight in the top 5% compared with those in the lowest
quartile. The rate of weight change per year was an independent risk
factor for women but not men. Physical activity and height were un-
related to renal cancer regardless of the BMI. Interestingly, the use of
amphetamines was associated with an increased risk among men. In
their review of the epidemiology of renal cell cancer, Tavani and
LaVecchia315 also concluded that an elevated BMI, mainly in women,
is an established risk factor for renal cell carcinoma. More recently, a
study of 363,992 Swedish men, who were physically examined at
least once from 1971 to 1992, were followed until their death or the
end of 1995.316 Compared with men in the lowest three-eighths for
BMI, men in the middle three-eighths had a 30% to 60% greater risk
for renal-cell carcinoma, and men in the highest two-eighths had al-
most twice the risk. A direct association between higher blood pres-
sure and increased risk for renal-call cancer was also noted to be an
independent risk factor.

Ovarian cancer

There were an estimated 23,300 newly diagnosed cases of ovarian
cancer with 13,900 deaths in the US in 2002.276 Mink and associ-
ates317 investigated the association of epithelial ovarian cancer with
waist-to-hip ratio, physical activity, reproductive factors and family
cancer history in a prospective cohort involving 31,396 postmeno-
pausal women. Multivariate-adjusted relative risks for the upper three
quartiles of waist-to-hip ratios, compared with the lowest quartile,
were 2.0, 1.6 and 2.3, respectively. A family history of ovarian can-
cer in a first-degree relative had a relative risk of 2.5. Similarly, after
controlling for the effects of potential confounders, the odds ratio of
ovarian cancer in Japanese women across increasing quartiles of the
heaviest body weight were 1.0, 1.15, 1.71 and 2.29.318 In addition,
significantly increased risks were noted in diabetics and for those
with a family history of ovarian cancer.
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Interestingly, Fairfield and co-workers319 recently assessed the asso-
ciation between ovarian cancer and current weight, weight at age 18
years, and adult weight changes among 109,445 women covering the
period 1976 to 1996 (Nurses’ Health Study). Although their findings
showed no association between recent BMI and ovarian cancer, there
was a two-fold increase in premenopausal ovarian cancer risk associ-
ated with a BMI at age 18 of 25 kg/m2 or higher compared with a
BMI of 20 kg/m2.

Pancreatic cancer

Pancreatic cancer represents the fifth leading cause of cancer-related
deaths in the US.320 In 2002, there were an estimated 30,300 cases of
pancreatic cancer in the US (14,700 men; 15,600 women), 98% of
which resulted in death (14,500 men; 15,200 women).276 Although
several epidemiologic studies on the relationship betwen pancreatic
cancer and obesity have been reported, the results have been con-
flicting. However, Silverman et al.321 recently published the results
of their population-based case-controlled study based on direct
interviews with individuals 30 to 79 years of age. They found that
obesity was associated with a statistically significant 50% to 60%
increased risk of pancreatic cancer. Moreover, there was a signifi-
cant positive risk with increasing caloric intake with those in the high-
est quartile caloric intake experiencing a 70% higher risk than those
in the lowest quartile. In addition, those in the highest quartile of
both BMI and caloric intake had a 180% higher risk compared with
those in the lowest quartile. The authors concluded that obesity is a
significant risk factor for pancreatic cancer in both white and black
individuals although it contributes to a higher risk among blacks than
among whites, particularly among women.

Michaud and co-workers322 reported their data regarding obesity and
pancreatic cancer from two recent cohort studies, the Health Profes-
sionals Follow-up Study and the Nurse’s Health Study. The cohorts
consisted of a total of 46,648 men, aged 40 to 75 years, and 117,041
women, aged 30 to 55 years, who were free of prior cancer at baseline
and had complete height and weight data. The authors found that
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both men and women with BMI � 30 kg/m2 (i.e. obese) had a
significantly elevated risk of pancreatic cancer compared to those
with BMI < 23 kg/m2 (relative risk 1.72). More specifically, obese
individuals were 72% more likely to develop pancreatic cancer than
those who were neither overweight or obese. Moreover, overweight
and obese persons who were involved in sustained regular exercise
of moderate intensity (i.e. walking and hiking) were less likely to
develop pancreatic cancer compared with inactive persons.

Cancer incidence and diabetes mellitus

Diabetes mellitus also appears to be an important risk factor for
various cancers. As noted above, Japanese diabetic women have an
increased risk for ovarian cancer.318 Diabetes has also been associ-
ated with an increased incidence of colorectal301 and pancreatic
cancers.323 In this latter meta-analysis, the authors examined 30 case-
controlled and cohort studies of diabetes mellitus and pancreatic
cancer published between 1975 and 1994.323 The pooled relative risk
ratio and 95% confidence interval of pancreatic cancer for diabetics,
relative to non-diabetics, was 2.1; in those with a diabetic history of
at least five years the risk ratio was 2.0.

A recent report of diabetics in Denmark showed increased rates for
renal, endometrial, biliary tract, liver and pancreatic cancers.324 Here,
the incidence ratios for liver cancer, after exclusion of hepatitis and
cirhosis, were 4.0 and 2.1 in men and women, respectively. For renal
cancer, the incidence ratios were 1.4 in males and 1.7 in females. The
authors indicated that the elevated risks for endometrial and kidney
cancers may be confounded by obesity.

Miscellaneous obesity-associated diseases/disorder

An increased incidence of several other diseases/disorders has also
been associated with obesity. These include ischemic stroke, adult-
onset asthma, gallbladder disease, sleep apnea, daytime sleepiness,
gout and psychological problems.
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Ischemic and hemorrhagic stroke

As discussed earlier in this chapter, excess body weight is a well-
documented risk factor for CHD, hypertension and type 2 diabetes.
However, the question of whether obesity is an important risk factor
for stroke has been somewhat inconclusive, especially in women. In
men, several earlier studies indicated that obesity significantly in-
creases the risk of ischemic stroke.325–327 The association between
excess body weight and stroke in men has recently been further
solidified. In a recent prospective cohort study among 21,414 Ameri-
can male physicians (Physician’s Health Study), there were 747 docu-
mented strokes (631 ischemic, 104 hemorrhagic and 12 undefined)
during 12.5 years of follow-up.328 Compared to men with
BMI < 23 kg/m2, those with BMIs � 30 kg/m2 had an adjusted
relative risk of 2.00 for total stroke, 1.95 for ischemic stroke and
2.15 for hemorrhagic stroke. When the BMI was evaluated as a
continuous variable, an increase in each BMI unit resulted in a
significant 6% increase in the relative risks for total, ischemic and
hemorrhagic stroke. After adjustment for hypertension, diabetes and
hypercholesterolemia, there was only a slight risk attenuation for
total and ischemic stroke, but not for hemorrhagic stroke.

Few studies, primarily epidemiologic, have been carried out on the
association between obesity and stroke in women; the results have
been somewhat inconsistent. However, Rexrode et al.329 recently
reported the results of their 16-year prospective study of 116,759
women (Nurses’ Health Study). Multivariate analysis adjusted for
age, smoking, postmenopausal hormone use and menopausal sta-
tus showed that women with BMI � 27 kg/m2 had a significantly
increased risk for ischemic stroke. The relative risks, compared to
women with BMI � 27 kg/m2 had a significantly increased risk for
ischemic stroke. The relative risks, compared to women with
BMI < 21 kg/m2, were as follows: BMI 27–28.9 kg/m2, 1.75; BMI
29–31.9 kg/m2, 1.90; and BMI � 32 kg/m2, 2.37. In addition, weight
gain after age 18 years was associated with a relative risk of 1.69
for a gain of 11 to 19.9 kg (24–44 pounds) and 2.52 for a gain of
20 kg or more (�44 pounds).
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Asthma

Asthma reportedly affects about 5% of the US population; the asso-
ciated medical costs exceed US$6 billion a year.330 The increasing
prevalence of asthma is a major health concern. Moreover, since the
increased prevalence of asthma and obesity have occurred concomi-
tantly, they appear to be causally related. To investigate whether BMI
and weight change are associated with adult-onset asthma, Camarego
et al.330 carried out a prospective cohort study involving 85,911 women
aged 26 to 46 years (Nurses’ Health Study II). The relative risks of
asthma for six increasing categories of BMI were 0.9, 1.0 (reference),
1.1, 1.6, 1.7 and 2.7. In addition, women who gained weight after age
18 were at a significantly greater risk for developing asthma during
the four-year follow-up period. Others recently studied the relation-
ship between asthma-like symptoms and obesity in a general popula-
tion of children.331 The prevalence and incidence of asthma, skin tests
and BMI were determined in 688 children, mean age 6.3 years and
600 children mean age 10.9 years. Lung function, bronchodilator
responsiveness and daily peak flow variability were measured at age
11 years. Their findings showed that females, but not males, who
became overweight or obese between six and 11 years of age signifi-
cantly increased their risk of developing asthma-like symptoms at
age 11 and 13 years. The increased association of obesity and asthma
in females was also previously noted.332 Possible explanations for the
increased prevalence in females are as follows:331 (1) obesity may
influence female sex hormones which in turn increase the risk of
asthma; and (2) the presence of a subgroup of girls with genetic
alterations in receptor responsiveness to female sex hormones. The
authors suggested that both genetic and environmental factors are
probably important in this association.

Gall bladder disease

Obesity has long been recognized as a risk factor for gall bladder
disease. In the Framingham longitudinal study,333 the prevalence of
gall bladder disease increased significantly with increasing weight.
In addition, the presence of gallstones was three to four times more
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common in obese than non-obese persons.333,334 More recently, these
latter authors studied 59,306 women (Nurses’ Health Study) and con-
cluded that there is a strong association between symptomatic gall-
stones and obesity. They suggested that women who are only moder-
ately overweight may also have an increased risk. Numerous other
studies have reportedly shown that obesity is a strong risk factor for
gallstones.335 More recently, a longitudinal prospective Nurses’ Health
Study336 showed that severely obese women are particularly at risk
for gallstones. Here, women with BMI > 45 kg/m2 had a seven-fold
excess risk compared with those whose BMI was < 24 kg/m2. Those
with a BMI of � 30 kg/m2 had a yearly symptomatic gallstone inci-
dence rate over 1%; in those whose BMI was � 45 kg/m2 the rate
was about 2%.

Respiratory disorders

Both increased chest wall and abdominal fat negatively affect respira-
tion which results in decreased compliance of the respiratory sys-
tem.337,338 In those who are severely obese, a ventilation-perfusion
abnormality occurs and hypoxia may develop.339 Sleep-disordered
breathing (SDB), a condition characterized by repeated episodes of
apnea and hypopnea events during sleep, is common in Western coun-
tries. Peppard et al.340 evaluated 690 randomly selected adults, mean
age 46 at baseline (56% males), twice at four-year intervals for SDB.
They found that relative to stable weight, a 10% weight gain resulted
in an approximate 32% increase in the apnea-hypopnea index (AHI:
apnea events + hypopnea events/hour of sleep). This weight gain also
predicted a six-fold increase in the odds of developing moderate-to-
severe SDB. Conversely, a 10% weight loss resulted in a 26% decrease
in AHI.

Kopelman et al.341 reported that a modest but significant fall in
hemoglobin oxygen saturation without apnea occurs during sleep in
premenopausal obese women whereas no such abnormality occurs
in normal weight women of similar age and menstrual status. How-
ever, both obese and normal weight postmenopausal women and obese
men reportedly develop oxygen desaturation and occasional apneic
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episodes during sleep.342 These latter investigators studied respira-
tions during sleep in 20 asymptomatic obese men (age range 18–59
years; mean weight 125 kg; 275 pounds) and compared them with
20 normal weight (67 kg; 147 pounds) men aged 19 to 67 years old.
Their findings showed that disordered sleep breathing with severe
hypoxia and apnea were common in the obese men of all ages. They
suggested that these abnormalities result from mechanical impedence
of breathing due to increased abdominal fat combined with abnor-
mal central respiratory control.

Daytime sleepiness and fatigue are also frequent problems in obese
people, including those who do not have sleep apnea.343 In this study,
daytime sleepiness was found to be “a morbid characteristic of obese
patients.” The authors stressed that daytime sleepiness has a poten-
tially significant impact on their lives and on public safety. They attrib-
uted this phenomenon to a metabolic and/or circadian abnormality.

Gout

Increased serum uric acid levels and gout have long been associated
with excess body weight. In an early cross-sectional survey of Cana-
dian men,344 serum uric acid levels greater than 0.416 mmol/L
(7.05 mg/dL) increased from 7% to 31% as the BMI increased from
21 to 31 kg/m2. In one study,345 uric acid levels reportedly did not
increase in women until the BMI reached 31 kg/m2, although an ear-
lier report by Rimm et al.346 showed a direct correlation between uric
acid levels and body weight in women. More recent studies have also
shown a direct correlation between hyperuricemia and body weight.
Cigolini and associates347 studied a random group of 38-year-old
healthy non-diabetic adults without a history of gout. Their results
showed that serum uric acid levels were significantly higher in men
than women. After adjustment for sex, serum uric acid levels were
directly associated with BMI, waist : hip girth, waist : thigh girth,
and subscapula : triceps skinfold ratios.

Others348 studied various clinical features of black South African
patients with gout, 79% of whom were from the lower income
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groups of workers (“blue collar,” pensioners and unemployed);
44.4% had polyarticular gout. Case control analysis showed that
obesity (odds ratio 7.8), “white collar” occupation (odds ratio 6.4),
hypertension (odds ratio 4.9) and alcohol intake (odds ratio 3.5)
were significant risk factors for gout in men. However, only alco-
hol intake correlated with the presence of gout in women (odds
ratio 5.0). The authors suggested that in a population where gout
was previously rare, changing dietary habits, lifestyle and
improved socioeconomic conditions have contributed significantly
to its increasing prevalence.

Dessein et al.349 recently reported on the beneficial effects of weight
loss and various dietary changes on serum uric acid levels in patients
with gout. At the study onset, the average BMI was 30.5 kg/m2. The
dietary recommendations consisted of calorie restriction to 1600 kcal/
day with 40% derived from carbohydrates, 30% from protein and
30% from fat. In addition, refined carbohydrates were replaced by
complex ones and saturated fats with mono- and polyunsaturated ones.
Weight loss averaged 7.7 kg (16.9 pounds) and the incidence of gouty
attacks decreased from 2.1 to 0.6 per month. The mean serum uric
acid levels decreased from 0.57 to 0.47 mmol/L (9.7 to 8.0 mg/dL)
and were normalized in 58% of the subjects.

Osteoarthritis

Several early studies reported an increased prevalence of osteoar-
thritis in overweight persons.350,351 Since then, numerous studies have
verified this relationship. Overweight people are particularly at risk
for developing osteoarthritis of the knees, although other joints are
often involved (i.e. hand and hip).352 In addition, being overweight
accelerates disease progression. These latter authors noted that
increased joint stress due to obesity generally explains the strong
relationship between obesity and knee osteoarthritis. However, it does
not fully explain why obese women are at higher risk than men for
knee disease or why obese individuals have a higher risk for osteoar-
thritis in the hand. Although studies are few, weight loss in obese
people suggests it has favorable effects.
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Cooper et al.353 studied the risk factors for the incidence and progres-
sion of radiographic knee osteoarthritis. After adjusting for age and
sex, the risk of incident radiographic knee osteoarthritis was signifi-
cantly increased in those with BMI in the highest versus lowest third
(odds rato 18.3), previous knee injury (odds ratio 4.8), and a history
of active sports participation (odds ratio 3.2). Another recent report
assessed the association between obesity and osteoarthritis of the knee,
hip and hand, and whether the arthritis was bilateral or generalized.354

In this group, 85% had bilateral disease, 26% generalized disease
and 31% were obese (BMI � 30 kg/m2). The odds ratios for obesity
and overweight (BMI 25–29 kg/m2) were both strongly associated
with bilateral knee osteoarthritis (odds ratios 8.1 and 5.9, respec-
tively). No association between obesity and bilateral hip or general-
ized osteoarthritis was found. They concluded that obesity “seems to
be a mechanical rather than a systemic risk factor for osteoarthritis.”
Conversely, others355 reported that both obesity and hip injury are
important risk factors for hip osteoarthritis in both men and women.
In agreement with this latter study, Oliveria et al.356 studied cases of
symptomatic osteoarthritis involving the hip, knee and hand in women
aged 20 to 89 years. After controlling for estrogen use, smoking,
height and health care use, they found that body weight was a predic-
tor of incident osteoarthritis of all three joints. Odds ratios ranged
from 3.0 to 10.5 for women in the upper weight tertile compared
with those in the lowest tertile. Similar associations were reported
for BMI.

Cataract

Recognizing that obesity is associated with increased oxidative stress,
glycosylation and osmotic stress, Weintraub and associates357 exam-
ined the association between increased body weight and the inci-
dence of cataract extraction. This prospective study involved 87,682
women (Nurses’ Health Study) and 45,549 men (Health Profession-
als Follow-up Study) aged 45 years and older who did not have cata-
ract diagnosis at baseline. After adjusting for smoking, age and lutein/
zeaxanthin intake, those who were obese (i.e. BMI � 30 kg/m2) had
a 36% greater risk of any type of cataract compared with individuals
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whose BMI was � 23 kg/m2. In addition, obesity was primarily as-
sociated with posterior subcapsular cataract; obesity was not signifi-
cantly associated with nuclear cataract.

Maternal obesity and birth defects

Maternal obesity is associated with various fetal complications,
including an increased risk of birth defects.358,359 Recent studies have
also shown that obese pregnant women are at increased risk for
neural tube defects.360–362 A recent study added further evidence that
the risk of birth defects is increased in obese pregnant women.363 Not
only was the association between maternal obesity and neural tube
defects confirmed, but these researchers also “found an association
for omphalocele, heart defects and multiple anomalies among
infants of obese women.”

Psychological effects

In their review of the psychological aspects of obesity, Wadden and
Stunkard364 concluded that the “epidemiological and clinical stud-
ies refute the popular notion that overweight persons as a group are
emotionally disturbed.” In a more recent study of the psychological
aspects of severe obesity in patients seeking treatment, these
authors concluded “that this population does not report greater
levels of general psychopathology than do average-weight control
subjects.”365 They also emphasized that there is great psychological
heterogeneity in obese individuals. However, a wide variety of stud-
ies are in support of an increased incidence of depression among
obese individuals compared with the non-obese. The 1985 Consen-
sus Conference on Obesity concluded that obesity creates an
enormous psychological burden on these individuals.366 Moreover,
several recent studies also support an increased incidence of
depression among the obese compared with the non-obese. Several
examples will be cited.

In a community-based study (Alameda County Study, 1994–1995),367

depression was measured using the outcome measures covered in the
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Diagnostic and Statistical Manual of Mental Disorders. The covariates
were age, sex, education level, marital status, social isolation and
social support, chronic medical disorders, functional impairment, life
events and financial strain. Although the results were mixed, cross-
sectional analysis showed that an increased risk (odds ratio 1.73) for
depression was present in the obese (defined as BMI scores � 85th
percentile). Analysis of the data, with obesity def ined as a
BMI � 30 kg/m2, showed similar results. The authors concluded that
although their study did not resolve the role of obesity as a major risk
factor for depression, it suggests an association between the two. They
also noted that there is no support for the “jolly fat” hypothesis that
suggests obesity reduces the risk of depression. Moreover, Riva
et al.368 concluded that psychopathological aspects, mainly depres-
sion, are strongly linked to the eating attitudes of the clinically obese
and highlights the need for psychological support in diet therapy.

Carpenter and associates369 studied the relationships between rela-
tive body weight and clinical depression, suicide ideation and
suicide attempts in 40,086 African Americans and Caucasians in the
US. The outcome measures were diagnosed according to the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth Edition.
Their results showed that relative body weight was associated with
major depression, suicide attempts and suicide ideation. These
relationships, however, differed between men and women. Among
men, lower BMI was associated wth major depression, suicide
attempts and suicide ideation while in women, increased BMI was
directly associated with depression and suicide ideation. There were
no racial differences.

Others370 examined how education and gender moderate the associa-
tion between obesity and cynical hostility and depression. Here,
education was found to moderate the positive association between
cynical distrust and obesity among women. That is, cynical distrust
was not related to BMI or waist-to-hip ratio among highly educated
women. However, depression did have a positive association with
waist-to-hip ratio among both genders; BMI was associated with
depression only among women. BMI, eating attitudes and
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depression may also be clinically important in the postpartum
period. For example, a recent study371 found that although symptoms
of anxiety and depression were not correlated with eating attitudes
or BMI during pregnancy, overweight women were at moderate risk
for increased anxiety at four months and depression at both four and
14 months postpartum.

Overweight and Alzheimer disease

Dementia is a major personal and public health problem that is
increasing rapidly as people live longer. By age 85 years, the inci-
dence of dementia approaches 10%,372 and its prevalence is about
30%.373 The most common form of dementia is Alzheimer’s disease
(AD), a neurodegenerative disorder; the second most common
dementia is vascular dementia which is a consequence of cerebrovas-
cular disease. Importantly, several recent studies have shown an
association between AD and various vascular disorders.374,375 Recog-
nizing that overweight is a major risk factor for coronary heart and
cerebrovascular disorders, Gustafson et al.376 studied the association
between AD and dementia risk in a cohort of 392 nondemented
Swedish adults aged 70 to 88 years. After an 18-year follow-up, women
who developed dementia between ages 79 and 88 years were over-
weight with a higher BMI at age 70 years (27.7 versus 25.7 kg/m2),
75 years (27.9 versus 25.0 kg/m2) and 79 years (26.9 versus 25.1 kg/m2)
compared with nondemented women. Additionally, a higher
degree of overweight was observed in women who developed AD at
age 70 years (29.3 kg/m2), 75 years (29.6 kg/m2), and 79 years
(28.2 kg/m2) compared with nondemented women. Thus, the risk for
AD increased by 36% for every 1.0 increase in BMI at age
70 years. Interestingly, these associations were not present in men.

Obstructive sleep apnea

Obstructive sleep apnea is a common condition with multiple
symptoms, as well as repeated episodes of upper airway obstruction
during sleep that results in episodes of hypoxia. Moreover,
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population-based epidemiologic studies have consistently shown that
even mild obstructive sleep apnea may be associated with significant
morbidity. Thus, a recent literature review found that undiagnosed
obstructive sleep apnea has been independently associated with an
increased risk of hypertension, stroke, CHD, daytime sleepiness, motor
vehicle accidents and decreased quality of life.377 Although obstruc-
tive sleep apnea has been associated with various modifiable risk
factors including obesity, alcohol intake, smoking and nasal conges-
tion, “the only intervention strategy supported with adequate
evidence is weight loss.”

Socioeconomic status

The early seminal literature review by Sobal and Stunkard378 showed
that people in the lower socioeconomic status in all industrialized
nations were at higher risk of becoming obese, especially among
women. To explain this phenomenon, Stunkard and Sorensen379 pro-
posed the following possibilities: (1) socioeconomic status influences
obesity; (2) obesity influences socioeconomic status; or (3) a com-
mon factor(s) influences both obesity and the socioeconomic level.

A recent English study compared the odds ratios for obesity in men
and women by education, occupation and two economic markers
after controlling for age, ethnicity and marital status.380 Their re-
sults showed that obesity risk was greater among both men and
women with fewer years of education and poorer economic circum-
stances. In addition, the risk of obesity was greater in women, but
not men, of lower occupational status. Moreover, an earlier study
found a significantly lower prevalence of obesity among college
students; this was particularly striking in womens’ colleges.381

Examination of academic qualifications for admission among the
obese and non-obese groups showed no objective differences that
would account for the lower acceptance rate of obese students. Simi-
larly, no relation was found between social class and obesity. These
authors concluded that discrimination, albeit unconscious, was
exercised by high school teachers and college interviewers against
the obese applicants.



Overweight and Obesity 155

Gortmaker et al.382 studied the social and economic consequences of
obesity in adolescents and young adults. This study, begun in 1981
and concluded in 1988, found that women who were overweight at
baseline completed fewer years of school, were less likely to marry,
had lower household incomes, and had higher rates of household
poverty than women who were not overweight at baseline. This data
was independent of socioeconomic status and aptitude-test scores.
Overweight men at baseline were less likely to be married. Impor-
tantly, those with other chronic disorders did not differ from the
non-overweight subjects. The study confirmed earlier reports corre-
lating the socioeconomic status with obesity. For example, an early
prospective study383 controlled for various baseline characteristics and
followed up for 12.5 years showed a higher occupational level in
non-obese versus obese men (e.g. ranking of 0 for unskilled, manual
labor to 7 for judge, professor, etc.). Here, only 30% of the obese
attained a position above social class 2 compared with 51% of the
non-obese control group. These findings were independent of paren-
tal social class, intelligence and education. In an earlier study,
Goldblatt and associates384 reported that 22% of downwardly mobile
persons were obese whereas only 12% of upwardly mobile people
were obese.

Oxidative stress

Oxidative stress due to excess free radical formation has been
implicated in the pathogenesis of numerous diseases including
atherosclerosis, cancer, inflammation, cataract and
neurodegenerative disorders, among others. It is also a major
theory of aging.385 Moreover, obesity has been associated with
increased oxidative stress. Keaney et al.386 examined 2828 indi-
viduals from the Framingham Heart Study and measured urinary
8-epi-PGF

2�
as a systemic oxidative stress marker. Their results

showed that smoking, diabetes and body mass index were all
“highly associated with systemic oxidative stress” and that the
effect of body mass index “may suggest an important role of oxi-
dative stress in the deleterious impact of obesity on cardiovascu-
lar disease.”
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Chapter Summary

Overweight (BMI 25–29.9 kg/m2) and obesity (BMI � 30 kg/m2) are
now major public health problems in both developed and developing
countries. Obesity, now acknowledged as an epidemic in industrial-
ized nations, has mainly developed during the past 25 years. It
affects not only wealthy and middle-income people, but also the poor.
An extensive study of the relationship between overweight/obesity
and various chronic diseases/disorders was very recently published
that further documented the significant relationship between body
weight and various diseases. Here, Field and co-workers387 evaluated
the risks of overweight/obesity on the development of several dis-
eases/disorders involving 73,690 women (Nurses’ Health Study) and
46,060 men (Professionals Follow-up Study) during a ten-year
period. They found that the incidence of diabetes, gallstones, hyper-
tension, heart disease, colon cancer and stroke (men only) increased
with the degree of overweight in both men and women. Perhaps most
surprising was that the dose-response relationship between the risk
of developing these medical conditions and BMI was present even
among those in the upper half of the generally accepted healthy weight
range (i.e. BMI 22.0–24.9 kg/m2). Their data suggested that a BMI
of 18.5 to 21.9 kg/m2 would be needed to fully minimize the risk of
these and possibly other chronic weight-related diseases/disorders.

The economic costs of obesity, independent of those associated with
physical inactivity and the numerous medical diseases/disorders as-
sociated with obesity, are striking; they now equal or exceed those
due to smoking.36 Thus, in terms of 1995 dollars, Wolf and Colditz167

estimated that the economic impact attributable to obesity was
US$99.2 billion dollars per year. Moreover, the personal costs of obe-
sity such as lower socioeconomic status, decreased self-esteem, dis-
crimination, depression and suicide are all very common and lead to
an untold number of additional problems.

It is apparent that, although genetics is an important determinant of
obesity, the major factors are excess caloric intake and physical inac-
tivity. As noted by Jebb,388 “despite decades of intensive research,
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there is relatively little evidence of genetic or metabolic defects to
explain the majority of cases of human obesity. Instead, we must look
to behavioral and/or environmental factors which may be underpin-
ning the current epidemic of obesity.” More intense education of the
general public, public officials, the education system and professional
health community regarding the medical and economic consequences
of excess body weight is critical.
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3
Physical Activity: Its Role
in Disease/Disorder Prevention

Introduction

In their struggle for survival, it was critical for early humans to main-
tain a high level of physical fitness. However, modern day humans
are dying from various diseases because of physical inactivity.
According to the 1990 Global Burden of Disease Study,1 physical
inactivity was among the top ten risk factors for global health.
Indeed, the modern sedentary lifestyle most likely represents an
important violation of biological principles to which humans have
genetically adapted. As such, it is not surprising that physical fitness
and the will to remain fit is associated with health and survival. Thus,
in addition to its critical role in weight control strategy, regular
exercise has numerous health benefits (Table 3.1). An extensive sci-
entific literature over the past two decades has shown that increased
physical activity is a major factor in the prevention/control of numer-
ous diseases/disorders including coronary heart disease (CHD),
stroke, type 2 diabetes mellitus, hypertension, osteoporosis, some
types of cancer, falls/fractures and blood lipid abnormalities. Exer-
cise also improves the immune system, quality of life and confers a
protective benefit against all-cause mortality. Moreover, a sedentary
and physically unfit lifestyle leads to various functional limitations
as one ages. Furthermore, regular physical activity is associated with
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improved mental health and is used as adjunctive therapy in drug-
and alcohol-dependency programs. These studies consistently
demonstrate that health benefits begin to accrue at a significant and
measurable level when one moves from a sedentary lifestyle to one
involving even moderate physical activity. Importantly, these health
benefits increase even more with regular vigorous physical activity.

Since many of these facts are widely appreciated, why is it so diffi-
cult to get people to exercise? Although the most common New Year’s
resolutions are to lose weight and exercise more, they are soon dis-
carded for various reasons (i.e. muscle/joint pain, too tired, too busy,
don’t have time, don’t like to exercise, among others). It is suggested
that the major problem for most of us is a lack of commitment and
persistence. As the sayings go, “one of these days is none of these
days” and “hoping and wishing are excuses for not doing.”

In 1996, the Centers for Disease Control and Prevention (CDC)
reported physical activity data from 105,390 adults in 49 states and
the District of Columbia (D.C.).2 Overall, reported participation in
regular physical activity by state varied from 16.0% (D.C.) to 35.7%
(Oregon) (median: 26.9%); the ranges among states were similar for
men and women (15.8–39.0% and 15.6–38.3%, respectively). How-
ever, participation in no leisure-time physical activity ranged from
18.3% (Washington) to 49.3% (D.C.); for men, from 16.0% to 49.1%
and for women, from 19.5% to 50.1%. Importantly, insufficient physi-
cal activity (i.e. no leisure-time activity and irregular activity com-
bined) estimates ranged from 64.3% to 84.0%. Thus, although there

Table 3.1: Exercise-influenced Diseases/Disorders

Aging Hypertension
All-cause mortality Decreased immunity
Blood lipids Mental health
Cancer (some forms) Type 2 diabetes mellitus
Cardiovascular disease Obesity/weight control
Falls/fractures Osteoporosis
Functional decline Quality of life
Gallbladder disease Sarcopenia (muscle loss)
Gastrointestinal bleeding Stroke
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was considerable variation between states, in every state 60% or more
of adults did not achieve the minimum, recommended level of physi-
cal activity and in about half the states, about 73% of adults were
insufficiently active. Since these figures are self-reported, it is prob-
able that the true numbers are significantly higher.

Casperson and Merritt3 studied the physical activity trends among
26 states involving 34,800 adults aged 18 and older during the years
1986–1990. They scored leisure time physical activity into four
patterns: (1) physically inactive, (2) irregularly active, (3) regularly
active, not intensive, and (4) regularly active, intensive. Their results
indicated that six in ten persons were physically inactive or irregu-
larly active; although almost four in ten were regularly active, less
than one in ten was regularly active, intensive. In addition, they found
that women and older adults were the most likely to have increased
their physical activity during this time period, while non-white popu-
lations and the least educated groups were significantly less likely to
do so. Similarly, Ransdell and Wells4 recently reported their findings
of physical activity in urban white, African-American and Mexican-
American women. Here, only 8% of African-American women, 11%
of Mexican-American women and 13% of white women participated
in the physical activity level recommended by the surgeon general
(i.e. moderate physical activity most days of the week for 30 minutes
or longer). Women of color, over age 40, and those without a college
education had the lowest levels of participation.

A 1995 CDC report on the changes in physical inactivity among per-
sons aged 65 years and above showed a modest decline during 1987–
1992.5 Those engaging in no physical activity during leisure time
declined from 43.2% in 1987 to 38.5% in 1992. However, one of the
national health objectives for the year 2000 was to reduce the propor-
tion of physically inactive adults aged 65 years and above to 22%.
Unfortunately, based on their data, they projected the 1997 physical
inactivity in this age group to be 36–37% and would be well below
the 2000 year goal. In fact, as of 1999, only one of the 13 physical
activity and f itness objectives for 2000 had been met or
exceeded.6 In 1997, the CDC reported that 65% of adolescents in
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grades 9 to 12 engaged in at least 20 minutes of vigorous physical
activity three or more times per week; only 15% of adults aged 18
years and older engaged in 30 minutes of moderate physical activity
five or more days per week (minimal CDC recommendations).7 The
goals of Healthy People 2010 is to increase adolescent activity to
85% and adult activity to 30%.

Gordon-Larsen et al.8 studied the determinants of physical activity
and inactivity in adolescents. They found that moderate to vigorous
physical activity was lower and inactivity higher for non-Hispanic
blacks and Hispanic adolescents compared with white and Asian ado-
lescents. In addition, participation in physical education programs
was significantly lower in the former adolescents and decreased with
age. This study also found that the level of maternal education was
inversely associated with high physical inactivity patterns. However,
participation in daily school physical education (PE) classes and use
of community recreation centers increased the likelihood of engag-
ing in moderate to vigorous physical activity. Unfortunately, only
21.3% of all adolescent participated in one or more days per week of
school PE. Increased crime rates were also associated with a
decrease in regular moderate to vigorous physical activity. More
recently, Kimm and co-workers9 further substantiated the decline in
physical activity among adolescent girls. Here, leisure time physical
activity in black and white girls, followed from ages nine to ten to
16 to 17 years, decreased 100% and 64% respectively. Thus, by age
16 to 17 years, 56% of black girls and 31% of white girls were not
involved in any leisure time activity. Although a lower level of paren-
tal education was associated with a greater decline in activity for
white girls at both ages, it applied only to the older black girls. Preg-
nancy was associated with a decline in activity only among black
girls, whereas smoking was associated with decreased physical
activity among white but not black girls. Among both black and white
girls, the body mass index (BMI) was inversely associated to physi-
cal activity.

The intensity and frequency of physical activity is also very low in
preadolescent children. The current health recommendation for
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children is to have daily school PE classes that engage them in
moderate to vigorous physical activity at least 50% of class time. To
evaluate these recommendations, 814 third-grade children (414 boys,
400 girls) at ten different sites were observed.10 The study found that
the children averaged 33 minutes in each of 2.1 PE lessons per week.
Only 5.9% had daily PE in which they accrued 4.8 very active and
11.9 moderate to vigorous minutes of physical activity per PE lesson
(15.0% and 37.0% of lesson time, respectively). Thus, the children
were involved in only 25 minutes per week of moderate to vigorous
physical activity, a level markedly short of the minimum national
recommendation.

Others studied the relationship of physical activity and television
watching with body weight and degree of fatness in children.11 Here,
80% of American children reportedly performed three or more bouts
of vigorous physical activity each week. The physical activity rate
was lower in non-Hispanic black (69%) and Mexican-American girls
(73%). Twenty percent of the children participated in two or less bouts
of physical activity each week; the rate was higher in girls (26%)
than in boys (17%). Overall, 26% of the children watched four or
more hours of television per day while 67% watched at least 2 hours
each day. Non-Hispanic black children had the highest rate of televi-
sion watching per day (42%). Furthermore, girls and boys who
watched four or more hours of television each day had significantly
greater body fat and higher BMI than those who watched television
for two hours or less each day.

To further understand the relationship between health beliefs, self-
efficacy, social support and sedentary activities and physical activity
levels in children, as well as the relationship between physical activ-
ity and self-esteem, Strauss and associates12 studied 92 children aged
ten to 16 years. Their findings were as follows: (1) physical activity
significantly decreased between ages ten and 16 years, mainly in girls;
(2) pre-teen girls spent about 35% more time in low- and high-level
activity than did teenage girls; (3) overall, children were inactive
75.5% of the day (watching television, using a computer and home-
work); and (4) only 1.4% of the day (mean 12.6 minutes) was spent
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in vigorous activity. Importantly, time spent in high-level activity
correlated with both self-efficacy and social influence scores. High
level physical activity was also significantly associated with increased
self-esteem.

Physical Activity versus Exercise

The terms “exercise” and “physical activity” are commonly used
interchangeably, although their meanings are clearly different when
applied to health matters. Physical activity refers to any bodily move-
ment produced by skeletal muscles that burn calories (i.e. gardening,
lawn mowing, housework, etc.). Exercise, on the other hand, is con-
sidered to be a subcategory of physical activity; it is planned, struc-
tured, repetitive and results in the maintenance or improvement of
one or more facets of physical fitness. It includes regular activities
such as cycling, jogging, brisk walking, swimming, etc. “Aerobics”
or “aerobic exercises” refer to endurance activities which increase
the heart and breathing rates for an extended period of time.
Exercises that build muscles are referred to as “strength training,”
“resistance training,” “weight training,” or “weight lifting.” Physical
fitness is not considered a behavior but rather an individuals’ achieve-
ment which includes muscular strength or endurance, body compo-
sition, aerobic endurance and flexibility. As such, physical activity
and exercise are health-related behaviors that can improve or main-
tain various aspects of physical fitness.

Physician Counseling

A clear understanding of the medical and financial benefits of regu-
lar exercise is poorly appreciated, even by many physicians. Indeed,
physicians counsel their patients less often about the need for
increased physical activity than about most other important lifestyle
behaviors. For example, a recent CDC report indicated that only 19%
of physicians said they counseled their patients about exercise.13

Frolkis et al.14 also reported that physicians are poorly compliant with
the National Cholesterol Education Program (NCEP) guidelines even
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with patients at high risk for CHD. Here, only 1% of physicians rec-
ommended exercise, 50% followed the NCEP algorithms for lipid
screening, 4% encouraged patients to quit smoking, and 14%
referred overweight patients to dieticians. Reasons for the failure to
adequately counsel patients include lack of knowledge and prepara-
tion, inadequate time, perceived effectiveness and lack of training in
behavioral counseling.15–17 With respect to exercise, a recent study
not only found that physician counseling was nationally very low,18

but that physicians were more likely to counsel as secondary preven-
tion. That is, patients were counseled to become more physically
active after they had developed cardiac disease or diabetes. Further-
more, physicians were less likely to counsel patients at risk for
obesity, younger disease-free adults, those with lower socioeconomic
status and the less educated. The authors concluded that failure to
counsel these latter groups “represent important missed opportuni-
ties for primary prevention.”

Albright and associates19 recently reported the effectiveness of phy-
sician advice alone compared with physician advice plus behavioral
counseling to increase levels of physical activity in healthy but sed-
entary patients. Physicians were trained to integrate three to four
minutes of initial physical activity advice into the routine office visit.
This advice included assessment of current physical activities, ad-
vising patients about appropriate goals and referrals to a health care
educator. Ninety-nine percent of patients received the initial physi-
cian advice about physical activity. Their results showed that 83% of
physicians spent less than five to six minutes providing advice while
46% spent the recommended three to four minutes. Furthermore, there
was little disruption in physician routine and attitudes regarding the
advice protocol were positive and beneficial. Hence, with appropri-
ate education and stimulation, many physicians can and will modify
their practices to address this highly important lifestyle factor. Sev-
eral recent publications have recommended ways whereby physicians
can more effectively motivate patients to increase their physical
activity.20–23 Indeed, data from the 1998 National Health Interview
Survey (NHIS)24 showed that the prevalence of older adults who met
the recommended level of physical activity was significantly higher
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among those who were simply asked by their physicians about their
activity than among those who were not asked (36% versus 23%).

Deitrick25 also emphasized that an appropriate exercise program with
personal counseling can lead to very effective results. Thus, prior to
recommendations for exercise counseling, the physician should do
the following:

(1) evaluate the patient’s cardiac risk;
(2) establish mutually agreed upon goals;
(3) recognize that health benefits accrue at different levels of

physical activity;
(4) emphasize the need for regular exercise (see below);
(5) increase exercise duration prior to exercise intensity; and
(6) recommend low intensity exercise for diabetics and improved

mental health.

After evaluation of these items, he recommended the following:

(1) assess patient readiness to participate;
(2) review patient’s exercise history and select the most likely

successful program;
(3) agree on a specific plan of action;
(4) suggest ways to overcome perceived barriers;
(5) convey a strong conviction as to the value of exercise and

educate the patient as to the specific diseases/disorders that can
be prevented or delayed; and importantly,

(6) serve as a role model.

Others stressed that community-based programs for older people are
also needed to facilitate increased physical activity.26 The Commu-
nity Healthy Activities Model Program for Seniors (CHAMPS) is
designed to promote lifetime physical activity in older persons and
allows them “to choose activities that take into account their health,
preferences, and abilities.” This study “led to meaningful physical
activity increases.” Although overweight persons especially benefit-
ted from the program, it was also effective in women, older adults
(i.e. 75 years and older) and those who were completely inactive at
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baseline. Elley et al.27 also recently reported that counseling seden-
tary patients in general practice on exercise is effective not only in
increasing physical activity, but improving the quality of life.

How much exercise does one need? In 1995, the CDC and the Ameri-
can College of Sports Medicine concluded that every adult should
accumulate at least 30 minutes of moderate-intensity physical activ-
ity “on most, preferably all, days of the week.”28 Here, “physical
activity” was defined as “any bodily movement produced by skeletal
muscles that results in energy expenditure.” Moderate physical
activity is the equivalent of walking at three to four miles per hour.
Thus, aerobic activity such as brisk walking, cycling, swimming and
dancing that gradually increases the heart rate and requires deep
breathing without undue strain, is of major benefit. However, it should
be emphasized that this activity level is the minimum recommended.
Those who already meet it “are likely to derive some additional health
and fitness benefits from becoming more physically active.”28 More
recently, however, the Institute of Medicine committee recommended
that people who want to stay healthy should essentially double these
recommendations.29 More specifically, they recommended at least
one hour of moderate physical activity daily, such as walking, swim-
ming, bicycle riding or golfing without a cart.

In an interesting related topic, Allen et al.30 evaluated bed rest as a
treatment for various medical conditions. They reviewed 39 clinical
trials of bed rest for 15 different conditions (total patients, 5777). In
24 trials following a medical procedure, bed rest did not significantly
improve the outcomes and in eight trials, some procedures (lumbar
puncture, spinal anesthesia, radiculography and cardiac catheteriza-
tion) worsoned the outcomes. In 15 trials, where bed rest was a
primary treatment, no outcomes were significantly improved and in
nine trials some conditions worsened (labor, proteinuric hyperten-
sion during pregnancy, acute low back pain, myocardial infarction
and acute infectious hepatitis). The authors concluded that “we should
not assume any efficacy for bed rest.”

Are there contraindications to increasing physical activity in older
adults? The answer is yes, but these are few and generally related to
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cardiac disorders (Table 3.2).31,32 They include recent electrocardio-
gram changes or an acute myocardial infarction, unstable angina,
uncontrolled arrhythmias and acute congestive heart failure. Other
potential contraindications, depending on their control and severity,
include uncontrolled hypertension, cardiomyopathy, valvular heart
disease and uncontrolled metabolic disorders. Gill et al.33 recently
published a detailed set of recommendations to minimize possible
adverse cardiac events among previously sedentary elderly people
without symptomatic cardiovascular disease. Although an older per-
son generally does not need a treadmill test or stress test prior to
beginning a modest exercise program, the physician should inquire
about the following:34 (1) presence of chest pain during physical
activity; (2) recent chest pain when not engaged in physical activity;
(3) loss of balance because of dizziness; (4) loss of consciousness;
and (5) medications for hypertension or a cardiac disorder.

Exercise and Weight Reduction

Due to the significant personal and public health burden of overweight
and obesity, it is extremely important to identify interventions that
prevent weight gain, as well as weight regain for those who have lost
significant weight. Since weight-loss occurs when a person maintains a
negative energy balance for a period of time, exercise is an important
companion of decreased caloric intake for losing and controlling weight.
As such, physically active people are significantly less likely to become
overweight than their sedentary peers. Although dietary restriction
results in greater weight loss than does exercise, more of the loss is from

Table 3.2: Contraindications for Exercise Training in Elderly People31,32

                    Absolute                    Relative

Abdominal aortic aneurysm Cardiomyopathy
Acute heart failure Complex ventricular ectopy
Myocardial infarction (recent) Uncontrolled hypertension
Recent electrocardiogram changes Uncontrolled metabolic disorder
Third degree heart block Valvular heart disease
Unstable angina
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lean body mass than from fat.29 Thus, the combination of leisure-time
physical activity and caloric reduction produces more weight loss than
diet alone. In addition, exercise has a more favorable effect on body fat
distribution (i.e. reduction of waist-to-hip ratio).35 Indeed, numerous stud-
ies conducted over the past two decades have clearly shown that without
physical activity, weight control is usually not achieved. Conversely, regu-
lar physical activity can improve weight control, as well as longevity,
even for those with BMIs in the overweight category.36 Moreover, unlike
diet-induced weight loss, exercise-induced weight loss increases cardio-
respiratory fitness.37

In a study of the association between recreational physical activity and
weight change, Williamson et al.38 reported a strong inverse
association in both cross-sectional and retrospective analyses over a
ten-year period in both men and women. The estimated relative risk of
major weight gain for those in the low physical activity levels com-
pared with the highest activity levels at the follow-up survey were 3.1
and 3.8 in men and women, respectively. For those whose activity level
was low at both baseline and follow-up, the relative risks were 2.3 for
men and 7.1 for women. More recent studies have also shown a posi-
tive effect of physical activity for weight control in women. Anderson
and associates39 examined short- and long-term changes in weight and
body composition by a low fat diet (about 1200 kcal/d) combined with
either structured aerobic exercise or moderate-intensity lifestyle activ-
ity in obese women. Their results showed mean weight losses during
the 16-week treatment period of 8.3 kg for the aerobic group and 7.9 kg
for the lifestyle group. During the one-year follow-up, the aerobic group
regained 1.6 kg while the lifestyle group regained 0.08 kg. Thus, the
program of low fat diet plus a moderate-intensity lifestyle was equiva-
lent in weight loss to the diet plus aerobic activity in obese women. In
addition to an increased risk for various chronic medical disorders, the
degree of adiposity in women correlates directly with lower daily physi-
cal functioning (e.g. climbing stairs and other moderate activities), as
well as lower feelings of well-being and greater burden of pain.40

Although walking is a very popular form of exercise, the exact num-
ber of calories expended is difficult to determine since the energy
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cost is not linearly correlated to the walking speed, as it is with
running and jogging. However, one can get a rough caloric esti-
mate by comparing the distance walked with the caloric cost
obtained from running. Harger et al.41 noted that a 150-pound (68 kg)
person uses 147 calories by jogging 1.5 miles (2.4 km). The
authors emphasized that even if the daily caloric expendure is only
100 calories, this translates to a weight loss of about ten pounds per
year (3500 calories burn one pound of fat). Alternatively, an extra
100-calorie expenditure per day avoids gaining about ten pounds
per year. Others42 reported that the inclusion of a moderate walking
regimen into a weight maintenance program in premenopausal obese
women improved maintenance of losses in both total body weight
and waist circumference.

Although these and other recent studies43,44 indicate that physical
activity is very important in weight control, others have stressed the
need for more randomized controlled trials to more accurately evalu-
ate the effect of increased physical activity and fitness as a tool for
the prevention of excess body weight and composition.45,46 Indeed,
Lawlor et al.47 noted that two-thirds of English women participating
in their study were active according to the recent recommended lev-
els. However, if domestic activities were excluded, only 21% were
regularly active. After adjusting for the usual confounders, women
who walked briskly for at least 2.5 hours per week reduced their odds
of being overweight (odds ratio, 0.5), whereas women who partici-
pated in at least 2.5 hours of heavy housework per week did not
reduce their risk of being overweight (odds ratio, 1.1). The authors
emphasized the need for prospective studies in order “to demonstrate
an independent health benefit of participating in domestic activities.”

Recognizing the importance of randomized controlled trials, Jakicic
et al.48 recently reported their findings from an 18-month random-
ized trial involving 148 sedentary, overweight or obese women (mean
BMI 32.8 kg/m2) aged 36.7 � 5.6 years. The women were divided
into three groups in which each subject was prescribed a similar vol-
ume of exercise five days per week. The long-bout exercise duration
progressed from 20 minutes per day (min/d) during weeks 1 to 4 to
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30 min/d for weeks 5 to 8 and to 40 min/d for the duration of the
study. The short-bout exercise group progressed from 20 min/d to
40 min/d by the ninth week. Rather than exercising continuously for
the duration, the exercise period was divided into multiple ten-minute
bouts performed at convenient times throughout the day. The pre-
scription for the short-bout group with treadmill was otherwise the
same as the short-bout exercise group. The results showed that weight
loss was significantly greater in the short-bout with treadmill group
(mean 7.4 kg; 16.28 pounds) compared with the short-bout (mean
3.7 kg; 8.14 pounds) and long-bout (mean 5.8 kg; 12.76 pounds)
exercise groups. Moreover, subjects in the short-bout exercise plus
treadmill group maintained a higher level of exercise than the other
groups. The mean weight loss after 18 months was also significantly
greater in those exercising more than 200 minutes (3.3 hours) per
week (mean 13.1 kg; 28.82 pounds) compared with those exercising
150 to 200 minutes per week (mean 8.5 kg; 18.70 pounds) or less
than 150 minutes per week (mean 3.5 kg; 7.70 pounds).

More recently, Irwin and associates49 carried out a randomized con-
trolled trial from 1997 to 2001 involving 173 sedentary overweight
postmenopausal women aged 50 to 75 years. The women were ran-
domly assigned to either an intervention consisting of exercise facil-
ity and home-based moderate intensity exercise or to a stretching
control group. The exercisers, in which walking was the most fre-
quently reported activity, showed statistically significant differences
from the controls in both total weight loss and intra-abdominal fat.
There was also a significant dose-response for greater body fat loss
with increasing duration of exercise.

Exercise and All-Cause Mortality

Exercise versus physical inactivity

A number of prospective studies have shown lower mortality rates in
both physically active men and women compared to those who are
sedentary. For example, an early study50 of 10,269 men aged 45 to
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84 years, who were free of any life-threatening diseases at baseline,
were followed for 15 years. The authors analyzed changes in their
level of physical activity, along with cigarette smoking, blood pres-
sure and body weight. Beginning a moderately vigorous sports activ-
ity was associated with a 23% lower risk of death compared with
those not starting an exercise program. Similar findings were reported
for the other lifestyle characteristics. The authors concluded that be-
ginning a moderately vigorous sports activity, maintaining normal
blood pressure, averting obesity and quitting smoking were separately
associated with lower death rates for all causes, as well as from CHD.
In a later report, Blair and co-workers51 evaluated the relationship
between physical fitness changes and mortality risk in 9777 men with
two clinical examinations separated by an average of 4.9 years. The
highest age-adjusted all-cause mortality was in men who were unfit
at both examinations; the lowest death rate was in those who were
deemed physically fit at both examinations. Mortality was reduced
by 44% for those who improved from physically unfit to fit relative
to those who remained physically unfit at both examinations.

The intensity of exercise also appears to be directly related to
all-cause mortality and longevity in men.52 This prospective study
involved 17,321 Harvard University alumni who were initially evalu-
ated in 1962 and 1966 and followed through 1988. The results
showed a graded inverse relationship between total physical activ-
ity and all-cause mortality. In addition, vigorous physical activi-
ties, but not non-vigorous activities, were associated with increased
longevity. In a follow-up report from the Harvard Alumni Health
Study, covering the years 1977–1992, 13,455 men (mean age 57.5
years) reported their walking, stair climbing and sports/recreation
activities.53 Distance walked and floors climbed were independent
predictors of longevity. Although light activities were not associ-
ated with a reduced mortality rate, moderate activities were “some-
what beneficial” while vigorous activities “clearly predicted lower
mortality rates.” In agreement with this, Sarna et al.54 studied 2613
world-class Finnish male athletes who competed in a wide variety
of sports (Olympic games, World or European championships and
inter-country competitions) during 1920–1965 and who survived
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until 1985. The mean life expectancy adjusted for marital status,
occupational group and age at entry was as follows: (1) endurance
sports (long distance running and cross-country skiing), 75.6 years;
(2) team games (soccer, ice hockey, basketball and short-distance
runners), 73.9 years; and (3) power sports (boxing, weight-lifting,
etc.), 71.5 years. The reference group, which consisted of 1712 men
matched for age and area of residence, had a mean life expectancy
of 69.9 years.

A graded, inverse correlation between all-cause mortality and physi-
cal activity in postmenopausal women has also been reported.55 In
this study involving 40,417 postmenopausal women aged 55 to
69 years, those who reported regular physical activity were at a
significantly reduced mortality risk during follow-up compared with
those who were not physically active. In addition, increasing the
frequency of moderate physical activity during the follow-up
period was also associated with a reduced risk of death (i.e. those
rarely or never engaging in physical activity to activity at least four
times each week). Nevertheless, engagement in moderate activity
as infrequently as once each week demonstrated a reduced mortal-
ity risk. In general agreement with this report, others56 conducted a
ten-year randomized clinical trial of regular walking and health sta-
tus in women. Compared with the control group, those involved in
regular periods of walking had fewer cardiac problems, hospital-
izations, surgeries and falls. More recently, Gregg and associates57

conducted a prospective cohort study of community-dwelling white
women 65 years or older at four United States research centers.
The participants were initially evaluated in 1986–1988 and again
in 1992–1994 (median time difference, 5.7 years). After control-
ling for age, smoking, BMI, comorbid conditions and baseline
activity level, those who increased their physical activity levels
between baseline and follow-up had lower mortality from all causes
(hazard rate ratio, 0.52), cardiovascular disease (hazard rate ratio,
0.64) and cancer (hazard rate ratio, 0.49) compared with the con-
tinually sedentary women. All-cause and cardiovascular mortality
were also significantly lower in women who were physically active
at both visits.
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Kujala et al.58 studied the relationship of leisure-time physical activity
and mortality and sought to determine whether genetic factors might
modify this relationship. The study included 7925 healthy men and
7977 healthy women of the Finnish Twin Cohort aged 25 to 64 years.
“Conditioning exercisers” included those who exercised at least six
times each month with an intensity of at least vigorous walking for a
mean duration of 30 minutes. Those who did not participate in any
leisure-time physical activity were classified as “sedentary,” the others
who exercised somewhere between these two groups were classified
as “occasional exercisers.” The study showed an inverse correlation
between the level of exercise and all-cause mortality in both men and
women. Moreover, the beneficial effects of physical activity remained
even after genetic and other familial factors were considered.

Other reports have shown that physical activity in the elderly also
has a positive effect on mortality. For example, Bijnen et al.59 studied
the associations between physical activity patterns of elderly men
aged 64 to 84 years and mortality from CHD, stroke and all causes.
After adjusting for major chronic diseases, cigarette smoking and
alcohol consumption, mortality risks from CHD and all causes
decreased significantly with increasing physical activity. In addition,
except for CHD, time spent in more intense activities was more
strongly associated with favorable mortality outcomes than less
intense activities. Walking or cycling at least three times per week
for 20 minutes also decreased all-cause mortality and CHD. These
findings are similar to those more recently reported60 involving
707 non-smoking retired men aged 61 to 81 years. After adjustment
for age, the mortality rate among men who walked two miles or more
each day was only half that of men who walked less than one mile
per day. After 12 years, the cumulative incidence of death for the
most active walkers was reached in less than seven years among those
who were least active. In addition, the distance walked each day was
inversely related to mortality after adjustment for overall activity
measures and other risk factors.

Several recent studies have also shown an inverse relationship
between increased physical activity and all-cause mortality.61–64 For
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example, Stessman and others64 studied a community-based cohort
of 456 70-year-old subjects born in 1920–1921. Unadjusted mortal-
ity at six-year follow-up was significantly greater for those reporting
no regular exercise than those walking as little as four hours per week
(23.4% versus 9.9%). The significance of these benefits applied to
both males (30.28% versus 12.14%) and females (16.9% versus
6.86%). Moreover, increased regularity of activity correlated with
declining mortality. Several earlier publications documenting the
importance of physical activity and physical fitness in averting
premature deaths have been reviewed.65

The above studies, among others, clearly show that higher levels of
physical activity and increased aerobic fitness are protective against
premature mortality. However, the relationship between musculo-
skeletal fitness and all-cause mortality is less well understood. To
increase this understanding, Katzmarzyk and Craig66 quantified this
relationship by studying 8116 men and women aged 20 to 69 years
who participated in the Canada Fitness Survey. Musculoskeletal
fitness levels were measured by sit-ups, push-ups, grip strength and
sit-and-reach trunk flexibility. Their findings showed that sit-ups, a
measure of abdominal muscular endurance, was particularly pre-
dictive of mortality in both men and women. Here, the relative
mortality risks of the lowest quartile compared with the highest
quartile were 2.72 and 2.26 for men and women, respectively.
Although there was a 49% increased risk of death for men in the
lower versus the higher quartile of grip strength, there was no asso-
ciation among women. Neither trunk flexibility nor push-ups were
associated with mortality.

Measured indicators of mortality

Exercise testing is well recognized as being important in the follow-
ing patients with CHD. Thus, exercise blood pressure, heart rate
acceleration during exercise and deceleration after stopping exercise
are predictors of death from CHD.67–69 Erikssen et al.70 have shown
that changes in fitness are also strongly associated with changes in
mortality. More specifically, Cole and associates69 reported a delayed
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decrease in the heart rate during the first minute after graded exer-
cise “is a powerful predictor of overall mortality independent of
workload, the presence or absence of myocardial perfusion defects
and changes in heart rate during exercise.” In this study, an abnormal
value for heart rate recovery was defined as a reduction of 12 beats
or less per minute from the heart rate at peak exercise.

Exercise capacity, also a known prognostic factor in patients with
cardiovascular disease, was recently evaluated as a predictor of mor-
tality among 6213 men referred for treadmill exercise testing.71 The
group was followed for 6.2 � 3.7 years, during which there were
1256 deaths. Those who died were older, had a lower maximal heart
rate, lower maximal systolic and diastolic blood pressures and lower
exercise capacity. The authors concluded that exercise capacity, mea-
sured in metabolic equivalents, was the strongest predictor of the
risk of death among both normal subjects and those with cardiovas-
cular disease. Moreover, exercise capacity was “a more powerful
predictor of mortality among men than other established risk
factors for cardiovascular disease.”

From the various studies referred to in this section, one would likely
predict that the use of hospital facilities, and therefore medical costs,
would be significantly less for the physically active elderly compared
with those who are essentially inactive. In this regard, Kujala and
coworkers72 investigated the use of hospital care from all causes among
2049 former elite male athletes and compared them with 1403 male
controls. They found that, compared with the controls, all-cause hos-
pital days per person were significantly lower in the former athletes.
This difference was primarily related to involvement in those sports
that required vigorous aerobic activity.

Exercise and Aging

“Use favors function. Disuse invites decay.”73 Sedentary lifestyles
are due to several cultural and environmental factors, including
extensive television watching, dependence on the automobile and vari-
ous “labor-saving” devices, lack of public, as well as the healthcare
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profession awareness of the importance of exercise, and the false
belief that people should “slow down” in their later years. As a result,
most older individuals are not physically fit. Indeed, a recent study
of 33,466 Swedish men found that total physical activity decreased
by 4.1% between ages 45 and 79 years.74 Moreover, the observed
decrease with age was greatest among those who were obese (�8.7%),
current smokers (�7.9%) and with a low level of education (�5.6%).
Others reported that 70% of women aged 65 years and older were
involved in low-intensity activity (50%) or none at all (20%), while
67% indicated six to eight hours of just “sitting” each day.75 In addi-
tion, less than 10% of people 65 years and older engaged in vigorous
routine physical activity in 1981;76 the percentage may well be even
lower today.

Unfortunately, many older individuals are reluctant to increase
their physical activity, even though they may be aware of the
potential health benefits. The reasons for a reluctance to begin
exercising vary. Some older adults fear that exercise will harm
them; others think they have to join a gym or have special equip-
ment, neither of which they can afford. Still others may feel
embarassed to exercise because they believe it is for younger
people or for those who “look good” in workout attire. Still others
may think that exercise is only for those who are able to play ten-
nis, jog, swim, etc. A recent report77 on this topic examined
17 possible reasons for avoidance or limitation of physical activties
in older people. In women, the lack of an exercise companion was
the most common reason given, while lack of interest was the
most common for older men. Certainly, most older people can
increase the level of their physical activity at little or no cost.
Simple things such as regular walking, swimming, dancing, house-
work, gardening, lawn mowing, etc. are effective ways to increase
one’s physical activity. A major problem is lack of adequate edu-
cation as to the benefits of exercise in older people. Organization
of exercise programs by public officials, churches and other groups
interested in the health of older people would be extremely ben-
eficial. After all, its never too late to promote healthy lifestyles
and prevent illness in older people.
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Disuse syndrome

Lack of adequate physical activity and its consequences results in
the so-called “disuse syndrome” (i.e. premature aging, obesity, car-
diovascular vulnerability, musculoskeletal fragility and depression).78

The author emphasized that this syndrome is experimentally repro-
ducible; however, both preventive and restrictive efforts are inexpen-
sive, safe, accessible and effective. Moreover, these principles apply
not just to the young and middle-aged, but also to the older person.
We must recognize that age per se is not responsible for many disor-
ders attributed to it. Bortz suggested that, “illness as we see it has
another component that is due neither to disease per se nor to time
effects but to disuse, the third dimension.”78

Several early studies indicated that exercise can retard many of the
changes commonly attributable to aging.73,79 Hodgson80 studied the
effect of age on VO

2
max (i.e. the body’s ability to extract oxygen

from air and transmit it to the circulatory system), a measurement
that involves the circulatory, respiratory and blood systems. He showed
that VO

2
max progressively decreases as one ages. However, when

“moderately active” and “athletic” men were studied, the rate of
decline with age was markedly reduced. In fact, there is a decrease of
5% to 15% per decade after 25 years of age.75 If a 70-year-old person
begins a “moderately active” exercise program, there will be a gain
of 15 years in VO

2
 max; if this individual attains the “athlete” level,

the potential improvement would be 40 years.73 Results from other
early reports are in general agreement.81–83 For example, Dehn and
Bruce82 found that sedentary men had a two-fold greater decline in
VO

2
max than did physically active men.

Sarcopenia

Physical frailty in elderly people is a state of reduced physiologic
reserve associated with increased susceptibility to disability.84 It is
widely recognized that there is an age-related, slow inexorable loss
of muscle mass (sarcopenia), even in those who engage in regular
aerobic exercise. This phenomenon usually goes unnoticed for
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decades since the muscle loss is replaced with fatty tissue. For
example, there is reportedly a decrease of about 50% of both total
muscle mass and urinary excretion of creatinine, a metabolic prod-
uct of muscle creatine, between the ages of 20 and 90 years.85 In
addition, Imamura et al.86 showed that after age 30, there is a cross-
sectional decrease in individual thigh muscles, decreased muscle
density and increased intramuscular fat. More recently, Poehlman
and associates87 followed a group of healthy but sedentary premeno-
pausal women aged 44 to 48 years, for six years. After six years
follow-up, about half had spontaneously stopped menstruating for at
least 12 months. The study results showed that those who experi-
enced menopause, compared with women who remained premeno-
pausal, lost more lean mass, had greater decreases in resting
metabolic rate and leisure-time physical activity, and greater increases
in fat mass, fasting blood insulin levels and waist-to-hip ratios.

Lack of exercise is particularly detrimental to women who are, on
average, smaller and weaker than men. Women also have more body
fat and less muscle and bone mass than men. Importantly, strength
training can improve the quality of life by increasing muscle power
to perform daily activities and remain independent longer. Thus,
strength training not only increases muscle mass but preserves bone
and improves strength, power and balance which can modify such
risk factors for fractures as skeletal fragility, muscle weakness and
deteriorating balance. Current standards, guidelines and position state-
ments regarding strength training for healthy sedentary adults, the
elderly and cardiac patients were recently published.88

The Framingham Disability Study89 showed that 40% of women aged
55 to 64 years, 45% aged 65 to 74 years and 65% of women aged
75 to 84 years were unable to lift 4.5 kg (9.9 pounds). Moreover,
similar percentages were unable to perform some aspects of normal
housework. Indeed, both cross-sectional and longitudinal studies
indicate a 15% loss of muscle strength per decade in the sixth and
seventh decades of life and approximately 30% thereafter.31 How-
ever, increased physical activity in frail elderly persons can preserve
lean body mass.90 These authors carried out a 17-week randomized,
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controlled intervention trial following a 2 � 2 factorial design:
(1) enriched foods, (2) exercise, (3) both, or (4) neither in 143 frail
persons aged 78.6 � 5.6 years. Exercise focused on skill training (i.e.
strength endurance, coordination and flexibility); food was enriched
with multiple micronutrients. Their results showed that exercise
significantly preserved lean body mass compared with the non-
exercisers, while those receiving micronutrients slightly increased
their bone density and mass.

Improvement of physical function is also effective in reversing
community-dwelling frailty in very old people.91 In this nine-month
randomized controlled trial, 115 sedentary men and women (mean
age, 83 � 4 years) were assigned to either a control group that per-
formed a low-intensity home exercise program (flexibility exercises)
or an exercise training group consisting of the following: an initial
three months flexibility, light resistance and balance training; second
three months, resistance training was added; and third three months,
endurance training was added. After nine months, the exercise train-
ing group showed significantly greater improvements in three of the
four primary outcome measures (modified Physical Performance Test,
peak oxygen uptake and Functional Status Questionnaire).

Others92 studied the maximum values for isometric strength dynamic
strength and speed of movement in the quadriceps muscle of male
subjects between 11 and 70 years. They found that isometric and
dynamic strength increased up to the third decade of life and
remained essentially constant to the fifth decade, after which they
decreased with increasing age. There was no measurable external
muscle atrophy to explain the decline in strength. However, micro-
scopic studies of muscle biopsies showed a decrease in the propor-
tion of type II fibers, as well as a selective atrophy of these fibers
with increasing age.

The mechanisms leading to sarcopenia are unclear but a combi-
nation of several factors are probably responsible for the age-re-
lated changes in muscle mass and function.93 Thus, the various
factors responsible for this disorder should, at some point, affect
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muscle protein turnover and an ultimate imbalance between pro-
tein synthesis and breakdown. However, a recent study showed no
difference in basal muscle protein turnover between younger men
(mean age 22 years) and older men (mean age 70 years).94 Never-
theless, an inadequate daily intake of dietary protein is very com-
mon in those over 65 years, including the so-called “healthy eld-
erly.” This protein deficiency, along with lack of physical exer-
cise, is a very important cause of sarcopenia. The current mini-
mum US Recommended Dietary Allowance (RDA) of protein is
0.8 g/kg body weight/day and recent data suggest that the safe
protein intake for elderly adults is 1.25 g/kg body weight/day. Thus,
the diet of a 70 kg (154 pounds) person should include 70–87.5 g
of protein each day.95

Disability and functional capacity

A recent literature review reported that 20% of older Americans
have chronic disabilities, 7–8% have severe chronic impairments,
about 33% have mobility problems, 20% have visual limitations
and 33% have a hearing impairment.96 In the 1994 National Health
Interview Survey, 38% of persons aged 65 years and older had at
least one functional disorder.97 In this report, the risk of death asso-
ciated with decreased functional limitations was 2.5 times greater
in persons aged 70 to 79 who were functionally limited compared
to those with no limitations. Over time, the decline in chronic
disabilities can have major implications for fiscal stability of
Medicare and Social Security programs, since the medical cost for
a disabled elderly person is, on average, three times that for a non-
disabled person.98 Moreover, in 2000 the long-term expenditures
for older disabled Americans, including those receiving commu-
nity-based and nursing home care, was US$123 billion, about 65%
of which was paid by the government.99

Numerous studies have shown that increased physical activity can
significantly reduce the frequency of these deficiencies. In a cross-
sectional study involving 705 community-dwelling Japanese women
aged 55 to 93 years, the aim was to determine whether remaining
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strong, lean and physically active contributes to successful aging
(maintaining function and independent living).100 Multivariate mod-
els based on physical methods (i.e. walking speed, chair stands, func-
tional reach, hand and foot reaction times and a “Get Up and Go”
test), along with eight questions regarding daily living activities
yielded the following results: (1) increases in strength were associ-
ated with 2–4% increases in performance compared with the cohort
mean; (2) physical activity was independently and positively associ-
ated with the most complex test (i.e. “Get Up and Go”); (3) a one
standard deviation increase in BMI was negatively associated with a
3–8% reduction in performance; and (4) strength was positively
associated with daily living activities. The authors concluded that
remaining strong, physically active and lean provides a wide variety
of benefits.

Similarly, a group of ambulatory nursing home residents were stud-
ied to determine the effects of a 12-week walking program on walk
endurance capacity, physical activity level, mobility and quality of
life.101 These individuals had been previously identified as having
low physical activity levels and low walk endurance capacities. After
12 weeks, the walking group improved their maximal walk endur-
ance by 77% and distance by 92%; there were no changes in walking
speed. There were no significant changes in these variables in the
control group. In another study, Fries and associates102 sought to
determine whether regular vigorous running activity is associated
with accelerated, unchanged, or postponed disability with increasing
age. This longitudinal study involved 451 active members of a runner’s
club and 330 non-runner community controls; the participants, at the
beginning, were 50 to 72 years of age. At baseline, the runners were
leaner, had fewer joint complaints, disablity problems, medical
disorders and took fewer medications. After eight years of follow-up,
those who engaged in vigorous running and other aerobic activities
had significantly lower mortality and slower development of disabil-
ity than the control group. These findings were attributed to the
runners’ increased aerobic activity, strength, physical fitness and
increased organ reserve. Similarly, Wang et al.103 carried out a
13-year prospective cohort study of 370 members of a runners’ club
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for persons aged 50 years and older and 249 control subjects initially
aged 50 to 72 years (mean 59 years). Compared with the control
group, the runners’ club members had significantly lower disability
levels. Reaching a Health Assessment Questionnaire (i.e. deaths and
their causes) disability level of 0.75 was postponed by 8.7 years in
the runners’ club members versus the controls. Participants in other
aerobic exercises and the runners’ club members were also protected
against mortality (rate ratio 0.88 and 0.36, respectively), while male
sex and smoking were detrimental (rate ratio 2.4 and 2.2, respec-
tively). The control group also had a 3.3 times higher death rate than
the runners’ club members in every disease category. Moreover,
accelerated disability rates were not seen in the runners’ club mem-
bers. Thus, running and other aerobic exercises were protective against
disability and early mortality in elderly runners.

The age-associated decline in muscle strength results in a significant
loss in functional capacity, including impaired mobility, with an in-
creased risk of falls, fractures and functional dependency. However,
a growing literature indicates that the declines in functional capacity
among older people may be significantly improved by exercise train-
ing and that interventions that increase muscle strength are success-
ful, even in the very old.104,105 Indeed, other functional deficiences
can also be overcome by exercise to a significant degree. For
example, Bassey et al.106 reported a significant direct association
between preferred walking speed and muscle strength in elderly men
and women. In another report, a group of frail individuals
aged 90 � 1 years undertook an eight-week program consisting of
high-intensity resistance training.107 Their quadriceps strength was
negatively correlated with walking time. Upon training completion,
strength gain averaged 174%, mid-thigh muscle area increased 9.0%
and mean tandem gait speed improved 48%. Others108 reported simi-
lar findings in frail, very elderly people. The results were as follows:
(1) muscle strength increased by 113% in the exercisers but decreased
1% in the non-exercisers; (2) gait velocity increased 11.8% in
the exercisers but declined 1% in the non-exercisers; and (3) stair-
climbing power improved in the exercisers by 25.4% but declined
3.6% in those who did not exercise.
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McMurdo and Rennie109 reported their findings in a controlled trial
of seated exercise in elderly persons aged 64 to 91 years who lived in
local authority rest homes. After seven months, the changes in the
exercise group, compared with the non-exercising control group,
showed significant improvements in grip strength, spinal flexion,
chair-to-stand up time, activities of daily living and self-rated
depression. Another study110 examined five-year trends in measures
of physical performance, and the impact of chronic diseases in
community-dwelling persons aged 64 to 94 years. They focused on
performance in three areas: musculoskeletal strength, flexibility and
cardiovascular fitness Their results showed a gradual improvement
in physical performance for the first two to three years after which a
gradual decline in performances occurred, irrespective of baseline
disease status.

These studies have clearly shown that increased physical activity sig-
nificantly improves functional capacity and endurance in older
persons. Conversely, elderly people who are not otherwise at risk for
disabilities in activities of daily living, “restricted activity is an
important predictor of functional decline and not just a benign fea-
ture of old age.”111 These researchers studied 680 community-living
persons 70 years and older who were categorized into three groups
(low, intermediate or high) according to their disability risk in activi-
ties of daily living. After adjusting for several covariates, including
baseline disability risk, the disability score at 18 months worsened
by 11.2% for each additional month with restricted activity. For the
low- and intermediate-risk groups, the adjusted disability scores
increased by 18.7% and 7.5%, respectively, for each additional month
of restricted activity. There was no association between functional
decline and restricted activity in those at high risk.

Postural stability (balance)

There is considerable evidence that postural stability declines with
age.31 However, studies have shown that increased physical activity
improves both postural stability and flexibility and thereby decreases
the frequency of imbalance and falls. For example, data from a group
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of brisk walking postmenopausal women aged 61 to 71 years, showed
that postural stability was significantly better than in the age-matched
non-walking control group.112 Furthermore, a dose-response relation-
ship was present between the intensity of walking and postural
stability. In addition, Lord et al.113 sought to determine whether a
12-month regular exercise program could improve balance, reaction
time, neuromuscular control and muscle strength and thereby decrease
the rate of falling in older women aged 60 to 85 years. Compared
with the inactive controls, their results demonstrated improved
performance in strength measures, reaction time and balance. The
findings also suggested that compliance to an exercise program
may reduce the frequency of falls, although further studies were
recommended.

Other reports suggest that Tai Chi, a Chinese martial art, may be
helpful in improving balance and strength. For example, Wolfson
and coworkers114 evaluated the results from 110 healthy people,
mean age 80 years, who underwent three months of intensive
balance and/or weight training followed by six months of low
intensity Tai Chi training for maintenances of the gains. Their find-
ings indicated that balance training restored performance to a level
similar to an individual three to ten years younger. In addition,
significant gains persisted after six months of Tai Chi, although
there was minor decrement. Others115 evaluated the effects of two
exercise programs, Tai Chi and computerized balance training, on
primary [i.e. biomedical (strength, flexibility, body composition
and cardiovascular endurance), functional and psychosocial frailty
indicators] and secondary (frequency of falls) outcomes in
200 persons 70 years and older (mean age 76.2). Three arms in
this study consisted of Tai Chi, balance training and education.
Their results showed that grip strength declined in all groups and
lower extremity range of motion showed limited changes.
However, lowered blood pressure before and after a 12-minute
walk was present following Tai Chi participation. In addition,
Tai Chi resulted in a decrease in responses of both fear of
falling and intrusiveness and reduced the risk of multiple falls
by 47.5%.
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Another potential balance problem is the presence of orthostatic hy-
potension in frail elderly nursing home residents.116 This disorder
reportedly occurs in over 50% of these individuals and is most preva-
lent in the morning when they first arise and when the supine blood
pressure is highest. Other major risk factors include dizziness or light-
headedness on standing, male sex, medication for Parkinson’s dis-
ease, time of day and low BMI.116

Falls

Falls are among the most common problems affecting the elderly.
They are a major public health problem and are associated with
significant morbidity, mortality, reduced functioning and early
admission to nursing homes. Moreover, fall-related injuries in 1999
reportedly resulted in more than US$8 billion in injury treatment and
accounted for 6% of Medicare fee-for-service claims.117 As the eld-
erly increase in number, fall-related injuries and resulting deaths will
likely increase. About 25% of persons aged 65 to 74 years, and at
least 33% of those 75 years and older, reportedly have fallen.118 In
addition, approximately 66% of older people who fall will do so again
within the following six months.119 An early study indicated that
injury was the sixth leading cause of death in people aged 65 years
and older, and most of these fatal injuries were related to falls.120

More recently, injury was reported as the fifth leading cause of death
in older adults and most of the fatal injuries were again reportedly
fall-related.121 Moreover, in 1994 falls were the second leading cause
of deaths from unintentional injuries.122

In a well-defined white Finnish population, the authors studied all
persons aged 50 years and older who were admitted to hospitals from
1970 to 1995 for treatment of a first fall-induced injury.121 Their
findings were as follows: (1) both total and population-adjusted num-
ber (i.e. per 100,000) significantly increased; (2) total fall-induced
injuries increased by 284%, the rate increased 183%; (3) age-adjusted
incidence increased in both women (127%) and men (124%); (4) the
number of deaths increased by 80% and the rate increased 34%.
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Importantly, the age-adjusted incidence of fall-induced deaths did
not show an increasing trend over time.

Fall risk factors

The age-related risk factors for falls are multifactorial and include,
among others, gait and balance disorders, strength, various car-
diovascular abnormalities, use of sedatives and other medications, cog-
nitive status, vision and lower extremity dysfunction (Table 3.3).123–128

More specifically, in a multivariate analysis, the authors reported
increased odds of two or more future falls for persons who had the
following: (1) difficulty standing up from a chair; (2) difficulty
performing a tandemwalk; (3) arthritis; (4) Parkinson’s disease;
(5) multiple falls during the previous year; (6) a fall-related injury
during the previous year; and (7) were white.125 Others129 reported
the major risk factors for falls resulting in a fracture were: (1) fear
of falling; (2) abnormal heel-shin test; (3) reduced knee extension
strength; (4) reduced grip strength; (5) poor distance visual acuity;

Table 3.3: Fall Risk Factors in Elderly People

Age Low BMI
Cardiovascular Disorders Lower Extremity Dysfunction

Arrhythmias Arthritis
Orthostatic hypotension Muscle weakness (sarcopenia)
Syncopy Foot deformities, bunnions, calluses

Cognitive Dysfunction Medications/Drugs
Dementia Alcohol
Depression Antidepressants

Gait and Balance Impairments Antihypertensives
Cerebellar Benzodiazopines
Hypothyroidism Diuretics
Parkinson’s disease Narcotics/other addicting drugs
Postural instability Sedatives
Sedentary lifestyle Sex (females � males)

General Frailty Visual Problems
Hearing Disorders Cataracts
History of Previous Falls Macular degeneration



212 Chapter 3

(6) low supine pulse rate; (7) inability to carry a 5 kg (11-pound)
load 100 meters; (8) not doing heavy outdoor work; and (9) no
regular exercise.

Although depression is a risk factor for falls in elderly people, it can
also occur after a fall-related injury.130 In this prospective cohort study,
159 patients who sustained various kinds of fall-related injuries to
the limbs were evaluated at pre-injury baseline and post-injury at
eight weeks, five months and one year. Mean depression levels of all
patients remained stable until five months post-injury but then
increased between five months and one year. Physical functioning
decreased between baseline and eight weeks post-injury, increased
between eight weeks and five months, but did not improve thereafter.
Both disability and depression were higher one year post-injury than
at baseline. Thus, “depressive reactions did not occur as long as
patients experienced improvements in physical functioning but
became manifest as recovery appeared to stagnate.”

Balance, flexibility and falls

Exercise has an important role in both balance and flexibility in
older people. Here, balance (postural stability) implies little or no
risk of a person losing balance while standing or falling during a
physical activity.31 Although balance is only one of many risk fac-
tors for falls, improvement may directly lead to a significant reduc-
tion in falls in some older people. Flexibility refers to the range of
motion of single or multiple joints and the ability to successfully
carry out various tasks. The range of motion depends mainly on the
structure and function of muscle, bone and connective tissue.31 Age,
however, affects these tissues such that flexibility is progressively
reduced in both women and men after about 30 years. However,
exercise can improve muscle and connective tissue properties and
also improve flexibility.

As noted previously, postural stability can be improved by exercise
participation (i.e. walking, jogging, Tai Chi and strength exercises).
Province et al.131 studied the effects of short-term exercise on falls and
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fall-related injuries in ambulatory and cognitively intact persons aged
60 to 75 years. Training was performed in one or more areas of endur-
ance, flexibility, balance, Tai Chi and resistance. From their data, the
authors concluded that “treatments including exercise for elderly adults
reduce the risk of falls.” Others132 examined the possibility that weight-
bearing exercises, with added resistance from weighted vests, might
improve dynamic balance, muscle strength and power and bone mass
in postmenopausal women, and thereby reduce the risk of falls and hip
fractures. Indeed, significant improvements were seen for indices of
lateral stability, lower-body strength, muscular power and leg lean mass.
However, there was no significant improvement for femoral neck bone
mass. Although these results demonstrated that fall risk elements were
favorably altered by the training, a decreased risk of hip fracture
remained uncertain. Other studies133–135 have also shown significant
improvements in the flexibility of various joints, including shoulder,
neck, wrist, hip, knee and ankle of elderly people who were involved
in regular exercise programs.

Guidelines for the prevention of falls were recently released by the Ameri-
can Geriatric Society, British Geriatric Society and the American
Academy of Orthopedic Surgeons.136 The major general considerations
included the following: (1) physicians should ask patients and caregivers
about falls during routine office visits; (2) involvement in exercise train-
ing programs; (3) patients on multiple medications should be carefully
assessed as to their possible contribution to falls and modified if appro-
priate to reduce the risks; (4) referral for home assessments to identify
possible environmental hazards; (5) consideration of assistive devices;
and (6) involvement in behavioral and education programs. Other
potential considerations include bone strengthening medications,
cardiovascular intervention, visual evaluation and improved footwear.

Osteoporosis, Bone Fractures and Osteoarthritis

Osteoporosis

An estimated ten million people in the US have osteoporosis and an
additional 18 million have decreased bone mass, both of which greatly
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increase the risk of fractures with increasing age.137 Importantly, these
fractures are not limited to women; about 20% will involve men.
Thus, about one-half of women and one in eight men will suffer a
bone fracture as a result of osteoporosis during their lifetime. The
probability of a future hip fracture for 50-year-old white women is
14%; 6% for African American women, 5–6% for white males and
3% for African American males. In addition, the estimated annual
direct medical costs of osteoporotic fractures (hip and vertebral col-
umn) is US$10–15 billion; estimated indirect costs are significantly
greater. Approximately 28% of patients with hip fractures enter nurs-
ing homes within the year following the fracture and 20% die within
one year.137

Bone-mineral density (BMD) in later life is the strongest predictor
of a future fracture. Up to the age of 70 years, BMD is primarily
influenced by the peak value achieved during skeletal growth.138 Up
to 85% of the population variance in peak BMD has been attributed
to genetic factors, while smoking, body weight, exercise and cal-
cium intake contribute most of the remaining portion.139 Hence, the
prevention or delay of osteoporosis must be through healthy lifestyles
and possible medications to prevent bone loss. Indeed, after a two-
year study of a group of young male college basketball players,
Klesges et al.140 concluded that bone loss is calcium-related and that
exercise is positively related to bone mineral content provided cal-
cium intake is adequate to replace its loss. Similarly, de Jong and
associates141 carried out a 17-week randomized trial involving
143 frail elderly persons (aged 78.6 � 5.6 years). The participants
were separated into four groups: (1) supplementation with enriched
foods, (2) exercise, (3) both, and (4) neither. The foods were enriched
with multiple micronutrients while exercise focused on strength
endurance, coordination and flexibility. The authors concluded that
foods containing a physiologic dose of micronutrients increased bone
density, bone mass and calcium whereas moderately intense exercise
preserved lean body mass.

Nutritional factors, primarily an inadequate intake of calcium and
vitamin D, contribute significantly to bone loss. The current
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recommended calcium intake guidelines are as follows:142

(1) 1000 mg/day for postmenopausal women under 65 years who are
on supplemental estrogen; (2) 1500 mg/day for postmenopausal
women under 65 years not on supplemental estrogens; (3) 1000 mg/day
for men 65 years and under; and (4) 1500 mg/day for all individuals
over age 65 years regardless of hormone intake.

The overall role of exercise in the prevention and treatment of
osteoporosis remains somewhat unclear although there is strong
evidence that moderate levels of weight-bearing exercise is posi-
tively related to bone mineral content and that (1) disuse results in
the loss of BMD, (2) sedentary people usually have less bone mass
than those who regularly exercise, (3) exercise may produce a
modest increase in BMD, and (4) exercise cannot compensate for
estrogen loss.143 As such, it is reasonable to highly recommend the
avoidance of a sedentary lifestyle and participate in moderate physi-
cal activity. There are, of course, many reasons to exercise regu-
larly other than to prevent or delay osteoporosis. For example, Bravo
et al.144 studied the effects of a 12-month exercise program in a
group of postmenopausal women between 50 and 70 years of age
with low BMD. They found that spinal BMD stabilized in the exer-
cisers but decreased significantly in the control group; however,
there was no change in femoral BMD in either group. In addition,
the exercising osteopenic women had increased levels of functional
fitness, well-being and self-perceived health.

Other studies have also shown that exercise is important in the pre-
vention of osteoporosis. For example, a multiple linear regression
analysis study of 352 premenopausal women, aged 40 to 54 years,
showed that moderate physical activity had beneficial effects on
BMD.145 In this report, women who were using estrogen replace-
ment therapy, had smoked within the past five years, or were preg-
nant were ineligible to participate, as were women with a history of
several diseases/disorders (i.e. type 1 diabetes, inflammatory bowel
disease, parathyroid disease, liver or kidney disease). Others146 evalu-
ated the effects of brisk walking on BMD in 165 postmenopausal
women who had suffered an upper limb fracture. The women were
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divided into two groups: intervention (self-paced brisk walking) or
placebo (upper limb exercises). Both groups were assessed at three-
month intervals. After two years, among those completing the trial,
BMD at the femoral neck had decreased significantly in the pla-
cebo group compared with the brisk walking group; lumbar spine
BMD increased to a similar extent in both groups. These studies
support an earlier report147 that exercise offers protection against
bone loss in premenopausal women. Moreover, men who jog at least
nine times per month reportedly develop bone density that is at
least 5% greater than those who jog eight or fewer times each
month.148 Compared with sedentary men, the bone density of
joggers was about 8% better. Furthermore, those who jogged only
one to eight times each month still had significantly higher bone
density than the non-joggers.

As noted earlier in this chapter, weight-bearing exercises with added
resistance from weighted vests results in significant improvements
in lateral stability, lower-body strength, muscular power and leg lean
mass.138 This research group later studied the effects of long-term
exercise using weighted vests on hip bone loss in postmenopausal
women age 64.1 � 1.6 years at baseline.149 Half of the women en-
gaged in weighted vest plus jumping exercise three times per week
for 32 weeks of the year for five years. The control group was active
but not engaged in the exercise program. BMD of the proximal
femur was assessed by dual energy X-ray absorptiometry at baseline
and after five years in both groups. After five years, the exercise
group maintained hip BMD by preventing significant bone loss while
the BMD in all members of the control group decreased significantly.
Importantly, the program also appeared to promote long-term
adherance and compliance to regular exercise.

Hannan et al.150 recently examined the major risk factors for bone
loss in 800 men and women aged 75 � 4.5 years at baseline
(Framingham Osteoporosis Study) and measured a four-year longi-
tudinal change in BMD at the hip, radius and spine. They examined
the relation of the following factors at baseline to percent of BMD
loss: age, weight, weight change, height, smoking, caffeine and
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alcohol intake, physical activity, serum 25-OH vitamin D level, cal-
cium intake and current estrogen replacement in women. After
multivariant analysis, they found the following: (1) women who gained
weight also gained BMD or had insignificant BMD changes; (2) cur-
rent estrogen users had less bone mass than non-users; (3) men with
lower baseline weight and weight loss also lost BMD; (4) men who
smoked cigarettes at baseline lost more BMD at the trochanter site
than non-smokers; and (5) caffeine, physical activity, serum 25-OH
vitamin D level or calcium intake did not affect bone loss. Thus, the
major risk factors for osteoporosis were female sex, thinness and
weight loss while weight gain protected against bone loss in both
sexes. This latter point was recently emphasized by Salamone et al.151

who examined the effect of lifestyle interventions aimed at lowering
dietary fat intake and increasing physical activity to produce modest
weight loss or prevent weight gain on BMD in premenopausal women.
The intervention group experienced a mean weight loss of
3.2 � 4.7 kg (7.04 � 10.34 pounds) over an 18-month period; the
control group gained 0.42 � 3.6 kg (0.9 � 7.92 pounds). The annu-
alized rate of hip BMD loss was two-fold higher in the intervention
group. A similar, but non-significant loss was observed in spine BMD.
Although increased physical activity attenuated spine BMD loss, it
had no significant effect on the loss of BMD at the hip. This data
readily explains why those with a low BMI (�19 kg/m2) or an eating
disorder (i.e. anorexia nervosa) are at increased risk for osteoporosis
and fractures.

The benefits of exercise on BMD may be mediated through both the
indirect effects on lean muscle mass and direct effects on the skel-
eton. Increased lean mass produces an additional direct loading ef-
fect on the skeleton with a compensatory increase in BMD. Increased
muscle activity and strain also add to the bone load.

Fractures

An estimated 1.3 million osteoporotic fractures in women reportedly
occur annually in the US; for 16% of women, the most serious is hip
fracture152 which is most often related to accidental falls. Femoral
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neck fractures are also very common in other countries. For example,
in 1991–1992 there were an estimated 56,613 such fractures in the
UK; the estimate for 2001 was 69,000 at a cost of about £288 mil-
lion.153 The total US costs are significantly greater due to a much
larger population. Importantly, after adjusting for age and sex, the
risk for hip fracture was found to be 10.5 times greater for those
living in institutions compared with those living in private homes.154

These authors suggested that fall prevention programs, particularly
those aimed to increase physical activity, would significantly decrease
the risk of fractures and would be very cost-effective.

At least 21 published studies155 have examined the association be-
tween physical activity and hip fractures, including several recent
ones. For example, Gregg et al.152 sought to determine whether higher
levels of physical activity were related to a lower incidence of hip,
wrist and vertebral fractures in 9704 non-black women aged 65 years
or older. Their results revealed that those involved in higher levels of
leisure time sports activity and household chores and fewer hours of
daily sitting, had a significantly reduced risk for hip fracture (study
was adjusted for age, diet, falls at a baseline and health status). After
7.6 years of follow-up, the most active women had a 36% reduction
in hip fractures compared with those who were least active. The in-
tensity of physical activity was also related to fracture risk; com-
pared with inactive women, moderate to vigorous physical activity
led to reductions of 42% and 33% in risk for hip and vertebral frac-
tures, respectively.

How much physical activity is needed to significantly decrease the
risk of hip fracture in postmenopausal women? To answer this ques-
tion, Feskanich and associates156 recently reported the results of a 12-
year prospective study involving 61,200 postmenopausal women aged
40 to 77 years (Nurses’ Health Study). After controlling for various
confounders (i.e. age, BMI, use of postmenopausal hormones and
smoking), the risk of hip fracture was lowered by 6% for each one
hour per week walking at an average pace. Among women who did
no other exercise, the risk of hip fracture decreased by 41% for those
who walked for at least four hours per week. Moreover, the risk of
hip fracture decreased linearly with increasing level of physical
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activity among women not taking postmenopausal hormones but not
among those taking hormones.

Other studies are also supportive of the role of exercise in preventing
osteoporotic fractures. In a randomized controlled trial, 98 healthy
sedentary premenopausal women aged 35 to 45 years, were randomly
assigned to either a training or control group.157 The training group
was involved in progressive high-impact exercises three times each
week for 18 months. BMD was measured in specific axial and lower-
limb sites at baseline and after 12 and 18 months. Maximum isomet-
ric strength, muscular and cardiovascular performance and dynamic
balance were also evaluated. The findings showed that femoral neck
BMD increased significantly more in the training group compared
with the controls. By contrast, at non-weightbearing sites (e.g. distal
radius), there was no difference between the two groups. However,
the training group also showed improvement in vertical jump and
oxygen consumption per minute at maximum exercise compared with
the controls. Similarly, others155 studied the association between hip
fracture risk and recreational physical activity at various ages, changes
in activity during adult life, occupational physical activity and how
risks vary by adult weight change in postmenopausal women aged
50 to 81 years. The participants consisted of 1327 women with prior
hip fractures and 3662 randomly selected controls. Information was
gathered on leisure activity before ages 18, 18 to 30 years and during
recent years. Compared with sedentary women, there was a signifi-
cant inverse association between the degree of exercise and the
incidence of fractures. In addition, the protective effect was most
pronounced in women who had lost weight after age 18. There was
no relation between occupational activity and fracture risk.

High-intensity strength training exercises were studied for one year
in a group of sedentary estrogen-depleted postmenopausal women
aged 50 to 70 years.158 The participants were divided into two groups;
one involved in high-intensity strength training exercises for two days
each week using five different exercises (double leg press, knee
extension, lateral pull-down, back extension and abdominal flexion)
and a non-exercising control group. The strength-training group
showed significantly increased femoral neck mineral density and
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lumbar spine BMD; there was a mild decrease in both areas in the
controls. Moreover, total body bone mineral content was preserved
in the strength-trained group but it tended to decrease in the
controls. In addition, muscle mass, muscle strength and dynamic
balance increased in the strength-trained group and decreased in
the controls.

Appropriate exercise also reportedly benefits those recovering from
a hip fracture.159 In this report, 148 community-living participants
65 years and older who underwent repair of a fractured hip, partici-
pated in a six-month home-based rehabilitation program. The pro-
gram consisted of a physical therapy component designed to identify
and ameliorate impairments in balance, strength, transfers, gait and
stair-climbing; a second function component was designed to iden-
tify and improve unsafe and/or inefficient performance of specific
daily living activities. Of those that were able to complete the pro-
gram (70%), 94% and 96% progressed in upper and lower extremity
conditioning respectively; 33% progressed to the highest level in the
graduated resisted exercise program. All participants progressed in
the competency-based graded balance program (55% progressed to
the most difficult level). Similarly, the majority progressed in trans-
fer maneuvers, stair climbing and outdoor gait. In addition, there was
general improvement in elbow and knee extension, gait deviations
and performance of various daily living activities. The study results
strongly suggest that similar home-based protocols be instituted for
those recovering from a hip fracture. In a recent literature review of
physical activity, falls and fractures among older persons, the
authors concluded that epidemiologic studies support a positive rela-
tionship between higher levels of leisure-time physical activity and
reduced incidence of hip fractures.160 More specifically, they found
consistent evidence that increased physical activity was associated
with a 20% to 40% reduced risk of hip fracture compared with sed-
entary individuals. In addition, randomized control trials indicated
that certain exercise programs, such as lower extremity strength train-
ing and balance, reduce the risk of falling.

Interestingly, two recent studies161,162 suggest that the lipid-lowering
statin drugs [3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
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reductase inhibitors] may stimulate bone formation and reduce the
risk of a hip fracture in persons aged 50 years and older. Both re-
ports, however, emphasized that additional prospective controlled
trials are needed to exclude the possibility of undetermined con-
founders.

Arthritis/chronic joint symptoms

Arthritis and other rheumatic conditions comprise the leading cause
of adult disability in the US;163 the cost of this health burden is
expected to significantly increase as the population ages. In 2001,
the estimated prevalence of arthritis and chronic joint symptoms
among American adults was 33.0%, affecting about 69.9 million adults
[22.4 million (10.6%) with physician diagnosed arthritis, 20.9 mil-
lion (10.0%)] with chronic joint symptoms only and 26.6 million
(12.4%) with both conditions.164 The prevalence increased with age
and was more common in women than men. In addition, the preva-
lence was higher among non-Hispanic whites and non-Hispanic blacks
than Hispanics. Other important risk factors included not complet-
ing high school, being physically inactive and overweight/obese
(BMI � 25 kg/m2). The lowest prevalence was in Hawaii (17.8%)
and the highest in West Virginia (42.6%).

About 20% of people aged 70 years and older have difficulty per-
forming essential activities of daily living (difficulty transferring from
a bed to a chair, eating, dressing, bathing and using the toilet).165

However, the prevention of activities of daily living may prolong the
autonomy of older persons. To evaluate activities of daily living in
older persons with knee osteoarthritis, Penninx and associates166

carried out a randomized controlled trial of a group of persons aged
60 years and older over an 18-month period. The participants were
assigned to an aerobic exercise program, a resistance exercise pro-
gram or an attention control group. The cumulative incidence of
activities of daily living disability was lower in the exercise group
(37.1%) compared with the control group (52.5%). After adjustment
for demographics and physical function at baseline, both exercise
programs prevented activities of daily living disability; the relative
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risks were 0.60 for resistance exercise and 0.53 for aerobic exercise
compared with the attention control group. In a similar study, Ettinger
et al.167 determined the effects of structured exercise programs on
self-reported disability in 439 community-dwelling adults aged
60 years and older with knee osteoarthritis. The three exercise pro-
grams involved aerobic exercise resistance exercise, and health edu-
cation. Compared with the health education group, their results
showed the following: (1) participants in the aerobic exercise group
had a 10% lower adjusted mean score, a 12% lower score on knee
pain and performed better on the six-minute walk test, time to climb
and descend stairs, time to lift and carry ten pounds, and mean time
to get in and out of a car; while (2) the resistance exercise group had
an 8% lower pain score, greater distance on the six-minute walk,
faster times on the lifting and carrying task, and the car task. There
were no differences in X-ray scores between either the exercise group
or the health education group. This study adds further support for
exercise as part of the treatment for knee osteoarthritis.

Occupational physical activities may also be important risk factors
for some people. Coggon et al.168 compared 518 osteoarthritic pa-
tients scheduled for surgical knee treatment with a similar number of
control participants matched for sex and age. After adjustment for
BMI, history of knee injury and the presence of Heberden’s nodes,
risk for knee osteoarthritis was significantly increased in those who
reported kneeling or squatting, walking two miles or more each day
and regularly lifting weights of at least 25 kg (55 pounds) in the course
of their work. The risks associated with kneeling and squatting were
greater in those who were also involved in occupational lifting. Obe-
sity was also a highly important risk factor. Those with a BMI of
30 kg/m2 or higher, whose work had entailed prolonged kneeling or
squatting, had an odds ratio of 14.7 compared with an odds ratio of
1.9 for the non-obese workers involved in kneeling and squatting.

In contrast to this latter report that suggested an increase in knee
osteoarthritis in workers who walked two miles or more each day,
early studies showed that moderate amounts of physical stress are
beneficial to articular cartilage by helping to maintain its functional
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integrity.169,170 Excess physical stress may, however, lead to acceler-
ated joint degeneration, although there is some controversy on this
topic. For example, Lane and associates171 determined the five-year
longitudinal effects of running and aging on the development of clini-
cal and radiographic osteoarthritis in runners with a mean age of
63 years. They compared the results with a similar group of controls
matched for age, years of education and occupation. All participants
underwent rheumatologic examinations, completed questionnaires and
radiographs were taken of the hands, lateral lumbar spine and knees
at baseline and after five years. The authors concluded that running
did not accelerate the development of clinical or radiographic os-
teoarthritis of the knees or spine. With aging, however, 13% of all
participants developed osteoarthritis of the hands and 12% devel-
oped osteoarthritis of the knees.

Hip osteoarthritis is a major public health problem. Radiographic
evidence of this disease is reportedly present in about 10% of people
aged 65 years and older and about half of them are symptomatic.172

These authors reported that the major risk factors for hip osteoarthri-
tis in two UK health districts were obesity, previous hip injury and
the presence of Heberden’s nodes. There was also a negative associa-
tion between cigarette smoking and osteoarthritis in men and a weak
association with prolonged regular sporting activity. Hip osteoarthri-
tis may also be part of the polyarticular involvement present in gen-
eralized osteoarthritis.

An appropriate exercise program has also been shown to be effective
in older individuals with rheumatoid arthritis (RA).173 This study
involved 64 RA patients with a mean age of 60 years and mean dis-
ease duration of eight years who were admitted to the hospital
because of active disease. The patients were randomly assigned to an
intensive exercise program or to a conservative exercise program with
a mean duration of 30 days. Intensive exercise consisted of knee and
shoulder dynamic and isometric muscle strengthening exercises
against resistance five times each week and conditioning bicycle train-
ing three times each week and was supplemented by the conservative
exercise program which consisted of range, motion and isometric
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exercises. Indices of disease were activity, pain, muscle strength and
functional ability; they were assessed at baseline, three, six, 12 and
24 weeks. Medical treatment during the study was the same for all
participants. The results showed that both groups improved similarly
in disease activity. However, both physical functioning and muscle
strength improved significantly for patients in the intensive exercise
program compared with the conservative program.

Hypertension

Hypertension is an extremely common medical problem and one
of the most important modifiable risk factors for cardiovascular
and cerebrovascular diseases, the number one and three leading
causes of death in the US. Burt et al.174 reported their survey find-
ings on the prevalence of hypertension in the American adult popu-
lation, 1988–1991. They found that about 24% of the American
adult population, representing 43,186,000 persons, were hyper-
tensive (i.e. mean systolic pressure � 140 mm Hg, or mean dias-
tolic pressure � 90 mm Hg, or current treatment for hyperten-
sion). The age-adjusted prevalence in the non-Hispanic black, non-
Hispanic white and Mexican American populations was 32.4%,
23.3% and 22.6%, respectively. However, only 69% of the hyper-
tensive population were aware that they had hypertension and only
53% were taking prescribed medication. The authors suggested
that these figures may be low since almost 13 million additional
adults, classified as normotensive, reported a history of hyper-
tension. Although these numbers are very high, they are signifi-
cantly lower than the 1976–1980 National Health and Nutrition
Examination Survey.174

The incidence of hypertension increases with age. Between ages
60 and 74 years, the prevalence is reportedly almost twice that in
the American population as a whole. Moreover, among older pa-
tients seen by primary care physicians, about 50% of whites and
Mexican Americans and 75% of blacks are hypertensive.174 There
is, on average, a 20 mm Hg systolic and 10 mm Hg disastolic
increment increase in blood pressure from age 30 to 65 years.175 In
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addition, hypertension accelerates atherogenesis and imparts a two-
to three-fold increased risk of severe events, including CHD. In-
creased blood pressure is also a major risk factor for numerous other
serious diseases including myocardial infarction, stroke, end-stage
kidney disease and peripheral vascular disease;174 it is also the most
common risk factor for congestive heart failure.176

Midlife systolic blood pressure is a significant predictor of reduced
cognitive function in later life.177 In this study, 4678 Japanese-Ameri-
can men, average age 78 years and enrolled in the Honolulu Heart
Program, were examined a fourth time from 1991 to 1993 and given
a cognitive test. When controlled for age and education, the risk for
intermediate and poor cognitive function increased progressively with
increasing level of midlife systolic blood pressure. For every 10 mm
Hg increase in systolic pressure, there was a 7% increase in risk for
intermediate cognitive function; for poor cognitive function, the risk
was 9%. The level of cognitive function was not, however, associated
with midlife diastolic blood pressure.

Hypertension risk factors

The major risk factors for hypertension are varied and include age,
family history, race (blacks greater than whites and Mexican Ameri-
cans), BMI, physical inactivity, excess salt and alcohol intake and
psychological stress. The recommended initial treatment for mild to
moderate hypertension is aerobic exercise, weight reduction and
reduced salt and alcohol intake. If these modifiable factors are not
successful, a diuretic or beta-blocker, if necessary and not otherwise
contraindicated, should follow.178

Exercise

Weight loss and aerobic exercise, along with salt restriction and
alcohol reduction, are the most important modifiable factors for
blood pressure control. Various types of exercise have been studied,
including walking, running, callisthenics, resistive exercises and
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exercising on a cycle ergonometer; all have been successful in long
term, post-exercise blood pressure lowering, which suggests that ex-
ercise is independently associated with blood pressure lowering.179

In a recent report, Blumenthal et al.180 studied 133 sedentary over-
weight men and women with mild unmedicated hypertension (i.e.
high normal or stage 1 to 2 hypertension). The participants were ran-
domly assigned to aerobic exercise only, a behavioral weight man-
agement program, including exercise, or a waiting list control group.
Their results showed that all participants in both active treatment
groups had significant blood pressure reductions relative to the con-
trol group. In addition, those in weight management plus exercise
had slightly larger reductions in both systolic and diastolic pressure
than those involved in exercise alone; the mean blood pressure did
not change in the control group. Those in both treatment groups also
displayed reduced peripheral resistance and increased cardiac output
compared with the controls. Thus, although exercise alone was ef-
fective in reducing blood pressure, it was more effective when com-
bined with weight management.

In a similar report,181 the effects of exercise and weight loss on car-
diovascular responses during mental stress in mildly to moderately
obese hypertensive men and women was carried out. The subjects
had high normal or unmedicated stages 1 to 2 hypertension (i.e.
systolic blood pressure 130–179 mm Hg, diastolic blood pressure
85–109 mm Hg) and underwent a battery of mental stress tests
before and after a six-month treatment program. The participants were
randomly assigned to one of three treatments: aerobic exercise, weight
management combined with aerobic exercise and a waiting list con-
trol group. After six months, compared with the control group, those
in both active treatment groups had lower levels of systolic and dias-
tolic blood pressure, total peripheral resistance and heart rate at rest
and during mental stress. Both treatment groups also had a greater
resting stroke volume and cardiac output than the controls. The dias-
tolic blood pressure was lower for the weight management group
than for the exercise-only group during all mental stress tasks. Again,
the combination of exercise and weight management was more
successful than either alone.
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Others182 sought to determine whether blood pressure reduction in
obese (32 � 4% body fat) sedentary male hypertensives (stages 1
and 2) after acute exercise persist for more than two to three hours,
as reported in controlled laboratory settings. Ambulatory blood pres-
sures were taken one day after 45 minutes of 70% VO

2
max treadmill

exercise and on another day not preceded by exercise. The mean sys-
tolic blood pressure was lower by 6–13 mm Hg for the first 16 hours
following exercise compared to the day without prior exercise. In
addition, 24-hour day and night average systolic blood pressures were
also significantly lower on the day following exercise. The diastolic
blood pressures were also significantly lower for 12 of the first 16
hours after acute exercise compared with the day without prior exer-
cise, as were the 24-hour day and night diastolic pressures.

In addition to the positive effects of aerobic exercise on blood pres-
sure, progressive resistance exercise has been shown to be effective.
In a meta-analysis of a wide variety of publications reporting on the
effects of resistance exercise, Kelley and Kelley concluded that this
technique is “efficacious” for reducing blood pressure.183

Exercise recommendations to control blood pressure

The American College of Sports Medicine’s position statement confirms
that most studies clearly show that regular aerobic exercise is beneficial
in controlling mild to moderate hypertension.184 They recommended a
training intensity of 40% to 65% of maximal heart rate, performed five
days per week for 30 to 40 minutes. In addition, treadmill or walking
exercise is recommended over either bicycle or arm ergonometry. In
agreement with this, Young et al.185 compared the effects on blood pres-
sure of a 12-week moderate intensity aerobic exercise program and a Tai
Chi program of light physical intensity in both black and white men and
women aged 60 years and older. They measured blood pressure during
three screening visits and every two weeks during the exercise period.
Mean baseline systolic and diastolic blood pressures were
139.9 mm Hg and 76 mm Hg, respectively. The adjusted mean systolic
pressure changes during the 12-week period were �8.4 mm Hg and
�7.0 mm Hg in the aerobic exercise and Tai Chi groups, respectively.
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For diastolic pressure, the corresponding changes were �3.2 mm Hg in
the aerobic group and �2.4 mm Hg in the Tai Chi group. They con-
cluded that programs of moderate intensity aerobic exercise and light
exercise have similar effects on blood pressure.

These studies demonstrate that regular exercise lowers blood pres-
sure in patients with mild-moderate hypertension. However, studies
of its effects on patients with severe hypertension are scarce. Kokkinos
and associates186 recently examined the effects of regular aerobic
exercise on blood pressure and left ventricular hypertophy in African
American men aged 35 to 76 years with severe hypertension. They
randomly assigned them to an exercise program plus antihyperten-
sive medication, or to antihypertensive medication alone. The exer-
cise group participated in two 16-week phases of aerobic exercise
that consisted of stationary cycling for a mean of 44 � 9 minutes at
60% to 80% of the predicted maximum heart rate, three times per
week. After 16 weeks, mean diastolic pressure decreased an average of
5 mm Hg in the exercise group but increased slightly (2.0 mm Hg) in
those who did not exercise. Importantly, the diastolic pressure remained
significantly lower after 32 weeks of exercise, even with substantial
reductions in the dose of antihypertensive medicine. Moreover, the
thickness of the left ventricular mass had decreased significantly after
16 weeks in those who exercised; there was no significant change in
the non-exercisers.

Wareham et al.187 reported that most methods used to assess physical
activity have been imprecise and subjective. With the advent of more
accurate methods, they measured the energy expenditure in 775 par-
ticipants aged 45 to 70 years. Energy was assessed by four days of
heart rate monitoring with individual calibration of the relationship
between heart rate and energy expenditure. Cardiorespiratory fitness
was evaluated in a sub-maximal test. Their results showed a significant
inverse linear trend in blood pressure reduction with increasing physi-
cal activity. The differences in mean systolic/diastolic blood pressure
between the top and bottom quintiles was 6.4/4.0 mm Hg in men and
10.7/5.9 mm Hg in women. The authors concluded that there is a strong
correlation between usual energy expenditure and blood pressure.
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Hence, it is appropriate to recommend increasing the overall energy
expenditure in the prevention and/or treatment of hypertension.

Syndrome X

As a group, hypertensives may have the so-called syndrome X, a
metabolic cluster of multiple interrelated abnormalities in lipid and
glucose metabolism, gout and a prothrombotic condition that increases
the risk of CHD.186 Insulin resistance, defined as a sub-optimal
response of insulin-sensitive tissues to normal or elevated insulin lev-
els, is thought to be the cornerstone of this syndrome.188 It has also
been proposed that this cluster of risk factors for CHD in patients
with hypertension explains why interventions directed at reducing
the blood pressure has had little effect on CHD risk.189 Jeppesen and
associates190 tested the hypothesis that the blood pressure level would
be less predictive of CHD risk in those with high triglyceride and
low high-density lipoprotein cholesterol (HDL-C) levels (the usual
syndrome X dyslipidemia characteristics) than in those without
abnormal levels. Indeed, their results showed that the blood pressure
did not predict the risk of CHD in those with elevated triglyceride
and low HDL-C serum levels. Hence, these findings may explain
why blood pressure lowering alone in patients with this metabolic
syndrome does not produce the expected reduction in CHD.

The basal metabolic rate (BMR) decreases with increasing age.
However, as shown by Williamson and Kirwan191 in a study of
healthy men aged 59 to 77 years, resistance exercise significantly
increases BMR 48 hours after a single-leg knee extension exercise
and bench press lifts. Dengel et al.192 suggested that syndrome X
may be the result of a decrease in cardiovascular fitness and the
accumulation of body fat with aging. To examine this hypothesis,
they studied the effects of a six-month program of aerobic exercise
training plus weight loss on VO

2
max, body composition, blood pres-

sure, glucose and insulin responses during an oral glucose toler-
ance test (OGTT), glucose infusion rates (GIR) during three-dose
hyperinsulinemic-euglycemic clamps at increasing insulin infusion
rates and plasma lipoprotein levels. Compared with a similar group
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of non-obese sedentary middle-aged men, the obese, hypertensive
sedentary group initially had a larger waist girth and waist-to-hip
ratio, were more hyperinsulinemic and insulin-resistant and had
higher triglyceride and lower HDL-C levels. The aerobic training
intervention reduced mean body weight by 9%, body fat by 21%,
waist girth by 9% and waist-to-hip ratio by 3%, and increased
VO

2
max by 16% (P � 0.01 for all). The systolic blood pressure

was decreased by 14 � 3 mm Hg; the corresponding diastolic pres-
sure decreased 10 � 2 mm Hg. There were also significant changes
in the GIR at the low (�42%) and intermediate (�39%) insulin
infusion rates and in blood glucose (�21%) and insulin (�51%)
responses during OGTT. Moreover, the exercise and weight loss
program resulted in lower total cholesterol (14%) and triglyceride
levels (34%) and raised the HDL-C level two-fold. This extensive
study suggests that hypertension and the various metabolic risk
factors for CHD can be significantly improved by appropriate
exercise and weight loss in middle-aged men with this metabolic
syndrome. As noted by Hazzard,193 “… sedentary behavior begets
central adiposity begets insulin resistance begets hyper-
triglyceridemia, hyperglycemia, increased low-density lipoprotein
concentrations, decreased high-density lipoprotein concentrations
and hypertension (“syndrome X”) … .”

Serum Lipids and Exercise

Despite significant progress in recent decades, CHD is still the lead-
ing cause of death in the US in both men and women.194 During this
same time period, numerous studies have clearly shown that an
increased plasma level of total cholesterol (TC) is a significant inde-
pendent risk factor for CHD. Moreover, most of the increased risk of
an elevated plasma TC is due to an elevated level (�130 mg/dL) of
low-density lipoprotein cholesterol (LDL-C). In addition, albeit some-
what late, the Adult Treatment Panel (ATP II) of the National Cho-
lesterol Education Program (NCEP) has given more attention to the
well-established importance of low plasma levels (�35 mg/dL) of
HDL-C as a major risk factor for CHD.195 Of additional importance
is the well-established value of the TC/HDL-C ratio, first recognized
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in the Framingham Study by Castelli and Anderson (target
ratio � 4.5).196 These topics have been recently reviewed.197

Primarily over the past two decades, increased physical activity has
been shown to be significantly associated with reduced risk for CHD.
As a result, the ATP II recommended increased emphasis on physi-
cal activity and weight loss as important additions to dietary therapy
in lowering plasma lipid levels.195 Increased physical activity is
protective against CHD in at least two ways: controlling and/or
reducing excess body weight and improving plasma lipid levels
(Table 3.4). Denke et al.198 reported that excess body weight was a
commonly under-recognized contributor to increased plasma cho-
lesterol levels in white American males. More specifically, they
found that in men of all ages, an elevated BMI was associated with
higher plasma triglyceride, TC and non-HDL-C levels, as well as
lower HDL-C concentrations. However, in young men the higher
TC level was primarily reflected by LDL-C whereas in middle-aged
and older men, higher TC levels were mainly reflected in the non-
HDL-C fraction.198 These authors followed up this report with a
similar study of white American women.199 They found that for
premenopausal women, excess body weight was significantly
associated with higher TC, non-HDL-C, LDL-C and triglyceride
levels and lower HDL-C levels. In older women, similar differences
in triglyceride and HDL-C levels were observed. However, excess
body weight was associated with smaller differences in TC,
non-HDL-C and LDL-C. Although lower HDL-C concentrations
associated with excess body weight were age-dependent, the
TC/HDL-C ratios were highest in obese postmenopausal women.

Table 3.4: Physical Activity and Serum Lipids

Increases HDL-Cholesterol
Decreases TC/HDL-C ratio
Decreases TC
Decreases LDL-C
Decreases triglycerides
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In an early Healthy Women Study,200 507 women were evaluated at
baseline and after three years; weekly physical activity was deter-
mined on every woman at each examination. During the three-year
period weight, blood pressure, levels of TC, LDL-C and triglycer-
ides all increased significantly while the level of HDL-C decreased.
However, women engaged in higher levels of physical activity at
baseline had less weight gain while those that increased their activ-
ity during the three-year period had the smallest increase in weight
and smallest decrease in plasma HDL-C. Others201 studied 102 sed-
entary premenopausal women to determine whether the quantity
and quality of walking needed to decrease the risk of CHD differed
significantly from that required to improve cardiorespiratory fit-
ness. The women were randomized to one of four groups: aerobic
walkers (8.0 km/h), brisk walkers (6.4 km/h), strollers (4.8 km/h)
and sedentary controls. The three intervention groups walked five
days each week. Compared with the sedentary group, maximum
oxygen uptake increased significantly and in a dose-response man-
ner (i.e. aerobic walkers � brisk walkers � strollers). However,
plasma HDL-C levels were not dose-related, but increased signifi-
cantly and essentially to the same extent in all intervention groups.
Kokkinos et al.186 reported that in African American men with
severe systemic hypertension, low to moderate aerobic exercise was
not overall adequate to favorably modify plasma lipid profiles.
However, there was a substantial increase in plasma HDL-C con-
centrations in those who exercised at intensities 75% and above of
age-predicted maximum heart rate, suggesting an exercise inten-
sity threshold. In addition, several recent studies, as described
below, also suggest that plasma lipid levels correlate with the level
of physical activity.

The official guidelines from the CDC202 indicate that the majority
of health benefits from physical activity can be achieved by briskly
walking two miles (3.2 km) most days of the week [energy equiva-
lent of running 8 to 12 km (five to 7.5 miles) per week].203 How-
ever, the guidelines also state that “the recommendation
presented … is intended to complement, not supersede, previous
exercise recommendations,” and “people who already meet the
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recommendation are also likely to derive some additional health
and f itness benefits from becoming more physically active.”
Williams,204 in a cross-sectional survey involving 1837 female rec-
reational runners, found significant increases in plasma HDL-C
concentrations in those who exercised at levels greater than the
current minimum guidelines. More specifically, plasma HDL-C
levels increased by an average of 0.133 mg/dL for every additional
kilometer run per week. In an earlier National Runners’ Health
Study, he also found that in men there are substantial additional
benefits if their level of physical activity exceeds the minimum
guidelines.205 Specifically, he reported the benefits of exercise,
which include higher HDL-C levels, decreased body weight, trig-
lyceride levels, TC/HDL-C ratio and estimated ten-year risk for
CHD, increased with distances run up to 80 km (50 miles) per week.

Other studies have also suggested a dose-response relationship
between the level of physical activity and plasma lipid levels. For
example, Thune et al.206 studied 5220 men and 5869 women aged
20 to 49 years at entry. After seven years, men reporting sustained
very hard exercising compared with the sedentary group had lower
plasma TC levels [5.65 mmol/L versus 6.21 mmol/L (218 mg/dL
versus 240 mg/dL)], triglyceride levels [1.34 mmol/L versus 1.85
mmol/L (118 mg/dL versus 164 mg/dL)], TC/HDL-C ratios by
19% and higher HDL-C levels [1.52 mmol/L versus 1.36 mmol/L
(59 mg/dL versus 52 mg/dL)]. Significant, but slightly lower,
figures were found in exercising women compared with seden-
tary women. Kokkinos and associates207 added further support for
a dose-related response between exercise and increased plasma
HDL-C levels in 2906 healthy non-smoking men aged 43 � 4
years. The group was stratified depending on the number of miles
run per week into six groups (zero, five, nine, 12, 17 and 31 miles
per week). Their findings showed a gradual increase in plasma
HDL-C levels with increased miles run (0.31 mg/dL per mile).
Major changes were associated with distances of seven to 14 miles
per week at mild to moderate intensities. Moreover, levels of LDL-
C, triglycerides and TC/HDL-C ratio also improved with increas-
ing weekly mileage.
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A recent eight-month randomized trial involving different
amounts and intensities of exercise among overweight men and
women with dyslipidemia further demonstrated a dose response
between exercise and plasma lipid levels. Here, Kraus et al.208

found that low amounts of exercise at moderate to high intensity
(the equivalent of walking or jogging 12 miles per week, respec-
tively) was associated with potentially beneficial improvement.
However, exercise equivalent to jogging 20 miles per week
resulted in signif icantly greater improvements in the plasma
lipoprotein profile. Moreover, this activity level was required to
produce a signif icant increase in the plasma HDL-C. As
suggested by Thompson, this graded response of plasma lipo-
protein concentrations to increasing exercise levels may help
explain the progressive decrease in cardiovascular risk associ-
ated with increasing amounts of exercise.209

Stefanick et al.210 studied plasma lipid levels in 180 postmenopausal
women 45 to 64 years of age and 197 men 30 to 64 years of age
who had low plasma levels of HDL-C and moderately elevated
levels of LDL-C. The subjects were randomly assigned to aerobic
exercise, the National Cholesterol Education Program (NCEP) Step
2 diet (moderately low in fat and cholesterol), diet plus exercise
and a control group. During this one-year study, the plasma LDL-C
was significantly reduced among both men and women in the diet
plus exercise group compared with the control group. The reduc-
tion in LDL-C in men in the Step 2 diet plus exercise group was
also significant as compared with men in the exercise group. How-
ever, LDL-C changes were not significant among men or women in
the diet only group. The authors concluded that the NCEP Step 2
diet failed to lower LDL-C levels in both men and women with
high plasma lipid levels who did not engage in aerobic exercise,
thereby further highlighting the importance of physical activity in
people with plasma lipid abnormalities. These investigators previ-
ously demonstrated that physical activity prevented the lowering of
HDL-C levels that usually results from a low-fat diet in overweight
women and men.211
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Others212 studied the effects of exercise on plasma HDL-C levels in a
group of elderly persons aged 60 to 80+ years, who were regularly
involved in regular non-vigorous physical activity and compared them
with a similar group of frail elderly people. They found that plasma
HDL-C, adjusted for age, BMI and waist-to-hip ratio was higher in
both men and women who engaged in physical activity at least once
per week. Although TC levels were higher among the active women,
there was a significant trend towards a lower TC/HDL-C ratio. It was
suggested that the increased TC level in women was probably due to
increased concentrations of HDL-C.

Interestingly, Ginsberg et al.213 studied the effects of a single bout of
ultraendurance exercise on plasma lipid levels and oxidative lipid sus-
ceptibility in highly trained athletes (26 men, 13 women mean age
38 � years) who competed in and completed the Hawaii Ironman
World Championship Triathlon (2.4-mile swim, 112-mile bike ride and
26.2-mile run). The mean exercise duration was 753 � 128 minutes
(approximately 12.5 � 2 hours). Their results showed the following
data after the intense exercise period, compared with pre-exercise data
and corrected for plasma volume: decreased plasma levels of triglyc-
erides (39%), TC (9%) and LDL-C (11%); HDL-C increased mildly,
but was not statistically significant. In addition, serum iron, a potential
prooxidant, decreased by 45%. With regards to this latter point, a
major theory of atherogenesis involves oxidative modification of LDL
by various reactive oxygen species.214 Recognizing this, Vasankari et al.215

studied the effect of a ten-month exercise program on LDL oxidation
and other lipid risk factors in a group of overweight/obese elderly men
and women (average BMI: men, 29.6 kg/m2; women, 28.6 kg/m2). At
the end of the ten-month period, serum levels of HDL increased, LDL
and TC/HDL ratio decreased, and there was a significant decrease in
the level of oxidized LDL.

These studies clearly indicate a significant inverse relationship
between “good cholesterol” (i.e. HDL-C) and physical activity. More-
over, the exercise-induced HDL-C changes are most likely the result
of the interaction between exercise intensity, frequency, duration of



236 Chapter 3

each exercise session and length of the exercise training period.215 As
noted above, there is also substantial evidence for a dose-response
relationship. Favorable plasma HDL-C changes appear to occur
incrementally and reach statistical significance at about seven to ten
miles per week (caloric expenditure 1200–1600 kcal).216 These
authors suggested a practical approach in prescribing exercise is a
moderate intensity program (70–80% of predicted maximum heart
rate) carried out three to five times per week, for a total of seven to
14 miles. Other modes of physical activity are also recommended as
long as they meet the minimum caloric expenditure requirement
(i.e. 1200–1600 kcal/week).

Type 2 Diabetes Mellitus

Type 2 diabetes mellitus (non-insulin dependent diabetes mellitus;
NIDDM; late-onset diabetes) comprises 90% or more of all cases of
diabetes mellitus. A 1992 report estimated that about 12 million Ameri-
cans had type 2 diabetes, but only half of them were aware they had the
disease.217 A subsequent study estimated the prevalence of diagnosed
diabetes in 1988–1994 at about 5.1% of American adults 20 years of
age and older.218 When extrapolated to the 1997 American population,
the total was 10.2 million diabetics; there was an estimated 5.4 million
additional undiagnosed cases. More recently, the estimated prevalence
of diabetes rose from 4.9% in 1990 to 6.5% in 1998, an increase of
33% in eight years.219 This translates into about 13 million diabetics in
1998 and presumably more than the 5.4 million undiagnosed cases
noted above. Unfortunately, the onset of NIDDM begins at least four
to seven years prior to clinical diagnosis.217 Moreover, approximately
50% of men and women aged 65 to 74 years reportedly demonstrate
abnormal glucose tolerance (i.e. increased plasma glucose levels but
below that required for diagnosis), and about 20% have type 2 diabe-
tes.220,221 Although not fully understood, insulin resistance is also a very
early finding in the pathogenesis of NIDDM.222 The result of these
reports is that overt NIDDM is only the “tip of the iceberg” of disor-
dered glucose metabolism. In addition to the medical problems of
diabetes itself, NIDDM is a major risk factor for CHD, stroke, renal
failure and blindness among others.
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In 1986, the total annual medical cost of NIDDM was conserva-
tively estimated to be US$11.6 billion.223 By 1992 it had
escalated to US$45.2 billion,224 which was almost 15% of the
national health care expenditures.225 NIDDM expenditures
increased to US$77.7 billion in 1997226 and are currently about
US$100 billion per year.227 These figures represent the direct costs
of type 2 diabetes and do not include work absence or lost pro-
ductivity. Importantly, both personal medical and economic costs
will continue to dramatically increase unless vigorous measures
are taken to decrease the incidence of this epidemic. Indeed,
NIDDM can be prevented in most people by weight control and
adequate physical activity.228,229

Exercise and type 2 diabetes

Numerous studies have shown that increased physical activity is very
successful in preventing NIDDM, and that those with the greatest risk
(i.e. increasing age, positive family history, overweight and physically
inactive) are helped the most. Helmrich and associates230 confirmed
this by showing that increased physical activity has a protective effect
on those with hypertension, are overweight, sedentary and have a fam-
ily history of diabetes. They emphasized that exercise not only increases
muscle mass, retards fat accumulation, lowers both systolic and dias-
tolic blood pressure, but increases tissue insulin sensitivity and lowers
both plasma insulin and glucose levels.

In a later study, 110,660 Chinese men and women were screened for
impaired glucose tolerance (IGT) and type 2 diabetes, of which 577
had IGT (World Health Organization criteria).231 The subjects were
then randomized into a control group and one of three active treatment
groups: diet only, exercise only and diet plus exercise. Regular follow-
up examinations were conducted over a period of six years to identify
those who developed type 2 diabetes. Compared with the control group,
and after adjusting for differences in baseline BMI and fasting glucose
levels, the diet, exercise and diet plus exercise interventions were asso-
ciated with 31%, 46% and 42% reductions in the risk of developing
diabetes, respectively.
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How much physical activity is needed to prevent type 2 diabetes, or
at least delay its onset? The potential benefit of moderate intensity
physical activity on NIDDM risk has been somewhat unclear. A pro-
spective Physicians’ Health Study, with a five-year follow-up of
21,271 men aged 40 to 84 years and free of cancer, myocardial in-
farction, cerebrovascular disease or diabetes at baseline, correlated
physical activity with the development of NIDDM.232 Men who exer-
cised at least once per week had a significant reduction in relative
risk for NIDDM compared with those who were essentially seden-
tary. The findings persisted after adjustment for both age and BMI.
Similarly, an early study of 87,253 female nurses (Nurses’ Health
Study) aged 34 to 59 years at baseline and free of cancer, diabetes
and cardiovascular disease, were monitored for eight years.233 The
data also showed that women who exercised vigorously at least once
per week had a significantly reduced relative risk for type 2 diabetes
when compared with the non-exercising women. Multivariate analy-
sis, which included age, family history of diabetes and BMI did not
alter the positive effects of physical activity.

Although insulin sensitivity is associated with exercise training, the
effects of habitual non-vigorous activity is less well understood. To
determine whether habitual, non-vigorous physical activity, as well
as vigorous and overall activity is associated with improved insulin
sensitivity, Mayer-Davis et al.234 studied 1467 African American,
Hispanic and non-Hispanic white men and women aged 40 to
69 years ranging from normal glucose tolerance to mild NIDDM.
Their results showed that increased participation in vigorous, non-
vigorous and overall physical activity were all significantly associ-
ated with improved insulin sensitivity. The findings were similar for
sub-groups of sex, ethnicity and those with NIDDM. Others have
also recently studied the effects of moderate intensity physical activ-
ity on fasting insulin levels in African American, Native American
and Caucasian women.235 The participants were involved in two con-
secutive, four-day periods of physical activity, one month apart.
After adjusting for race, ethnicity, age and education level, they found
that an increase of 30 minutes of moderate intensity physical activity
was associated with a 6.6% decrease in fasting insulin levels which
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were independent of race, ethnicities, centrally lean or obese, and
those with low and high cardiorespiratory fitness levels.

In a randomized controlled trial, the effects of equivalent diet- or
exercise-induced weight loss and exercise without weight loss on
various measures of body composition and insulin sensitivity in obese
men were evaluated.236 The results showed that weight loss induced
by increased daily physical activity without caloric restriction
significantly reduced both obesity (mainly abdominal) and insulin
resistance in men. DiPietro and associates237 also studied the effects
of physical training-related improvements in glucose and insulin
responses to an oral glucose tolerance test (OGTT) to determine if
they are independent of changes in abdominal obesity. Adiposity and
OGTT responses were determined before and after a four-month ran-
domized, controlled aerobic training program in healthy elderly men
and women whose average age was 73 years. Their results showed a
16% increase in VO

2
max and a 24% decrease in serum free fatty

acids in the aerobic training group, although there was no effect on
abdominal fat. In addition, the glucose response curve shifted to the
left, and the area under the OGTT curve decreased by 25% in the
training group. However, the improvement in glucose response
occurred only in those with IGT at baseline, and without any change
in insulin response. There were no changes in any of the variables in
the control group.

Hu et al.238 examined the relationship of total physical activity and
incidence of NIDDM in women (Nurses’ Health Study) and com-
pared the benefits of walking versus vigorous physical activity as
predictors of subsequent risk for NIDDM. The study consisted of
70,102 female participants aged 40 to 65 years. During eight years of
follow-up, and after adjusting for age, smoking, alcohol use, history
of hypertension and increased TC level, the authors concluded that
both walking and vigorous physical activity are associated with sig-
nificant reductions of risk for NIDDM. Moreover, when the total
energy expenditures were similar, comparable magnitudes of risk
reduction were produced by walking and vigorous physical activity.
More recently, these authors updated and expanded their study of the
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effects of diet and lifestyle with the risk of type 2 diabetes in 84,941
women followed for 16 years (1980–1996).229 They reported that
overweight or obesity was the single most important risk factor for
type 2 diabetes. Furthermore, lack of exercise was the second most
important risk factor and was independent of body weight. A poor
diet and current smoking were also independent risk factors. Impor-
tantly, 91% of the 3300 cases of diabetes was attributed to lifestyle.

The results of another recent study involving a diverse group of over-
weight men and women with IGT was recently published.239 This
three-year study involved 3234 participants aged 25 to 85 years, 45%
of whom were minorities. Compared with the control group, those
who lost just ten to 15 pounds (5–7% of their body weight) and walked
briskly for 30 minutes five days per week decreased their risk by
58%. Persons 60 years and older decreased their risk by 71%.

Although these studies clearly showed that consistent moderate physi-
cal activity significantly decreases the risk for type 2 diabetes, oth-
ers240 compared the association between cardiorespiratory fitness and
impaired fasting glucose levels and NIDDM in men. After six years of
follow-up, and age, smoking, alcohol consumption and parental dia-
betes were adjusted for, the least cardiorespiratory fitness group had a
1.9-fold risk for impaired fasting glucose and a 3.7-fold risk for NIDDM
compared with the high-fitness group. The risk for impaired fasting
glucose was also increased in older men and those with increased BMI.
Thus, low cardiovascular fitness was significantly correlated with an
increased risk for both IGT and NIDDM. The value of vigorous physi-
cal activity in elderly people was supported in a study by Cononie et
al.241 who assessed the effects of seven consecutive days of exercise for
50 minutes at 70% VO

2
max on glucose and insulin responses to an

oral glucose challenge in sedentary elderly persons. The major results
showed that fasting plasma insulin levels and plasma insulin responses
to an oral glucose load were reduced by 15% and 20% respectively, but
resulted in no change in body weight or body composition. Thus,
hyperinsulinemia associated with aging was significantly reduced by
repeated episodes of intense exercise in sedentary elderly people,
independent of any body changes.
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An important additional recent report242 regarding the effects of
exercise on glycemic control and BMI in patients with type 2 diabe-
tes should be included here. In a meta-analysis of controlled clinical
trials, these researchers reviewed and quantified the effects of exer-
cise on glycosylated hemoglobin (HbA

1c
) levels and BMI in patients

with type 2 diabetes. The selected studies included only those that
evaluated the effects of exercise interventions that lasted at least eight
weeks. Thus, 12 aerobic and two resistance training studies were
included. The authors concluded that exercise training significantly
reduces HbA

1c
levels “by an amount that should decrease the risk of

diabetic complications … .”

From the studies referenced in this section, as well as others, insulin
resistance is a major risk factor for type 2 diabetes and presumably
precedes the disease. Furthermore, overweight/obesity and physical
inactivity are major independent risk factors for type 2 diabetes. To
better understand the possible relation between these two factors,
Kriska et al.243 studied two differerent ethnic groups of men and
women; Pima Indians who tend to be overweight and Mauritians who
are generally leaner. Their findings showed that blood insulin levels
in both groups were inversely associated with physical activity. Thus,
the beneficial role of physical activity on insulin sensitivity is prob-
ably independent of body mass and fat distribution. A subsequent
study of a native Canadian population by this group of investigators
showed similar results in men but not women.244 The authors sug-
gested that this lack of relation between physical activity and insulin
levels in women is probably due to the fact that women in this popu-
lation are physically less active than the men and have “a narrower
range of activity/fitness values.”

Modest physical activity has also been shown to decrease mortality
in adults with diabetes. Gregg et al.245 carried out a prospective co-
hort study of 2896 American men and women 18 years and older and
determined all-cause and cardiovascular mortality over an eight-year
period. After controlling for sex, age, BMI, smoking and comorbid
conditions, those who walked at least two hours per week had a 39%
lower all-cause mortality rate and a 34% lower cardiovascular
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mortality rate compared with individuals who were inactive. Thus,
one death per year may be preventable for every 61 people who could
be persuaded to walk at least two hours each week.

These and other studies clearly demonstrate that type 2 diabetes is,
for the most part, a preventable disorder. That is, weight control and
moderate regular exercise greatly reduce the risk of type 2 diabetes.
Although moderately vigorous physical activity is almost invariably
more effective, regular modest intensity activity is also very effec-
tive and should be strongly encouraged, especially for the sedentary,
those beginning a physical activity program and the elderly. In any
event, it is extremely important in both medical and financial terms
that more intense action be taken to better control this rapidly esca-
lating serious disorder. In addition to local education programs, more
attention on the national level is extremely important. Furthermore,
physicians must become more involved with their at-risk patients well
before insulin resistance and glucose intolerance develop.

Physical Activity and Other Endocrine Disorders

The decline in physiological function with aging is associated with
a decrease in composition and increase the fat-free mass in elderly
men. In addition, increased physical fitness is accompanied by an
increase in the production of growth hormone (GH). In a recent
report, Hurel and others246 compared GH production in men run-
ning over 40 miles per week with a similar group of age-matched
sedentary controls (controls 57.7 � 2.8 versus runners 60.5 � 3.4
years of age). Those involved in regular intense exercise were clearly
associated with higher GH and testosterone levels, suggesting that
exercise may have an important role in counteracting the “normal”
decrease in GH with aging.

Dehydroepiandrosterone (DHEA) and its sulfate ester (DHEAS) are
the steroids secreted most abundantly by the adrenal glands. Plasma
levels of DHEAS decline with age in both men and women,247–249 at a
rate of about 10% per decade from the third to the tenth decade.246

Abbasi and coworkers250 recently demonstrated that several factors,
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including body leaness, physical fitness, higher levels of total and
free testosterone levels and a more favorable blood lipid profile were
all associated with higher serum levels of DHEAS in older men.

These reports indicate that more studies comparing the effects of
exercise on the endocrine system are needed to fully evaluate the
importance of physical activity on hormone production, many of
which begin to decrease with increasing age.

Coronary Heart Disease

CHD is clearly the most common cause of death in both men and
women in the industrialized world. In 1998, there were 724,269
cardiac deaths compared with 538,947 cancer deaths in the US.194

Since the pathogenesis of cerebrovascular disease, the third most
common cause of death in the US (158,060), is the same as for
CHD (i.e. atherosclerosis), the total combined deaths due to arte-
riosclerotic vascular disease was 882,329. Thus, arteriosclerosis
accounts for more annual deaths than the other eight major
diseases/disorders combined.

Cardiovascular function and age

The loss of physical endurance or cardiovascular capacity is a com-
mon observation with aging and results in several costly public health
problems, as well as loss of quality of life, increased dependency and
decreased life expectancy. The maximal oxygen consumption
(VO

2
max), an index of maximal cardiovascular function, decreases

5% to 15% per decade after the age of 25 years.251 In addition, de-
creases in maximal cardiac output and maximal arteriovenous oxy-
gen difference contribute to the age-related reduction in VO

2
max.31

Moreover, the maximal heart rate decreases six to ten beats per minute
per decade of life and is responsible for some of the age-associated
decrease in maximal cardiac output.31 Nevertheless, some of the car-
diovascular-associated aging problems can be greatly improved by
increasing one’s physical activity, regardless of age. That is, it has
been clearly shown that older people elicit the same 10–30% increases
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in VO
2
max with prolonged endurance physical training as with young

adults.252–254 In addition, the magnitude of the VO
2
max increase in

the elderly is a function of exercise intensity, just as it is with younger
adults; however, light-intensity training elicits little or no change.253,255

Kasch et al.256 serially measured cardiovascular function in a group
of healthy men, aged 44 to 79 years at intervals after baseline of ten,
15, 20 and 25 years. Over this period of time, data from their daily
physical activity was evaluated monthly, including mode, frequency,
intensity and duration. The investigators found that the groups’ mean
cardiovascular function remained at 60% greater than the average of
ten previously reported cardiovascular studies in similar aging men.
In a more recent study,257 a group of healthy older men (aged 61 to
74 years), compared with a healthy group of younger men (aged 21
to 39 years), underwent invasive central and peripheral measurements
of cardiovascular responses during an upright, staged cycle exercise
test before and after a three-month exercise training period with cycle
ergometry. At baseline, cardiac output and arterio-venous oxygen
difference during exercise were significantly lower in older subjects
compared with the younger group. With training, the older and
younger groups increased maximal oxygen consumption by 17.8%
and 20.2% respectively, although peak cardiac output remained the
same in both groups. Systemic arterio-venous oxygen difference
increased 14.4% in the elderly men and 14.3% in the younger men.
Peak leg blood flow increased by 50% in the older group but
remained the same in the younger group. The authors concluded that
the age-related decline in maximal oxygen consumption results from
a reversible deconditioning effect on the distribution of cardiac out-
put to exercising muscle and an age-associated reduction in cardiac
output reserve.

McGuire and associates recently reported two 30-year follow-up
studies on the effect of age on cardiovascular response to exercise258

and the effect of age on the cardiovascular adaptation to exercise
training.259 In the first report,258 the authors found that cardiovascular
capacity declined over the 30-year period mainly due to decreased
efficiency of maximum peripheral oxygen extraction. However, the
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maximal cardiac output was maintained even though there was a 6%
decline in the maximal heart rate; it was compensated for by an
increased maximal stroke volume. Importantly, they found that three
weeks of bedrest at age 20 years (in 1966) had a more profound
effect on work capacity than did the subsequent 30 years of aging. In
the second study,259 they found that the age-related decline in aerobic
power that occurred over the 30-year period was completely reversed
by a six-month endurance training program. However, the improved
post-training aerobic power was mainly “the result of peripheral
adaptation with no effective improvement in maximal oxygen
delivery.”

Fleg and coworkers260 also studied the cardiovascular responses to
exhaustive upright cycle exercise in highly trained older athletes
(63 � 7 years) and compared the results with untrained sedentary
men of similar age. Their aim was to determine whether the mark-
edly enhanced aerobic exercise of older highly trained men, rela-
tive to their sedentary peers, is primarily mediated by central or
peripheral cardiovascular mechanisms. Their results clearly showed
that the higher aerobic capacity of the trained athletes during
exhaustive upright cycle ergometry is similarly achieved through
central and peripheral mechanisms. In addition, the authors261 of a
20-year follow-up study of Finnish men, aged 45 to 64 years at
baseline, concluded that a relative increase of physical activity
between middle and old age is associated with a maintained high
level of physical ability.

Coronary Heart Disease and Physical Activity

From 1953 to 1987, about 40 epidemiologic studies evaluated the
association between exercise and CHD262 30 of which showed a pro-
tective effect of physical activity, varying in magnitude from 10% to
50%. Of those that did not find a protective effect, all were earlier
studies with probable alternative explanations (i.e. misclassification
of activity levels, use of surrogate exercise indicators, inadequate
correction of confounding factors, etc.). In 1996, the NIH Consensus
Development Panel on Physical Activity and Cardiovascular Health



246 Chapter 3

made the following recommendations to improve cardiovascular
health.263

(1) All Americans should be involved in regular physical activity at a
level “appropriate to their capacity, needs and interest.”

(2) Children and adults should accumulate a minimum of 30 min-
utes of moderate-intensity physical activity on most days, but
preferably every day of the week.

(3) Intermittent or shorter bouts of activity (at least ten minutes),
including occupational and daily living activities, also have sig-
nificant cardiovascular benefits if performed at moderate inten-
sity. These include brisk walking, swimming, cycling, yard work,
etc. as long as the accumulation is at least 30 minutes per day.

(4) Those who currently meet the minimum recommended standards
may derive additional fitness and health benefits by increasing
either their physical activity or the intensity of activity.

(5) For those with known CHD, cardiac rehabilitation programs that
combine physical activity with a reduction of other risk factors
(i.e. elevated lipid levels, being overweight or obese, increased
blood pressure, etc.) should be used.

However, as noted earlier in this chapter, the Institute of Medicine
Committee recently recommended at least one hour of moderate
physical activity each day.29

Recent studies also suggest that intensive lifestyle changes can lead
to regression of coronary atherosclerosis. For example, Ornish and
associates264 randomized older patients with moderate to severe CHD
to an intensive lifestyle change (10% fat whole foods vegetarian diet,
aerobic exercise, stress management training, smoking cessation and
group psychosocial support) or to a “usual-care” control group. The
participants were followed for five years. After one year, the experi-
mental group had an average decrease in diameter artery stenosis of
1.75 absolute percentage points (a 4.5% relative decrease) and a 3.1
absolute percentage point decrease after five years (a 7.9% relative
improvement). Conversely, the average percent diameter stenosis in
the control group increased by 2.3 percentage points after one year
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(a 5.4% relative worsening) and by 11.8 percentage points after five
years (a 27.7% relative worsening). Moreover, during the five-year
period the number of cardiac events in the control group was more
than double that of the experimental group.

Both weight loss and aerobic exercise are highly effective in reduc-
ing the risk for CHD; importantly, both are more effective than either
alone. However, which of these is most effective is somewhat contro-
versial. For example, Katzel et al.265 recently compared the effects of
weight loss versus aerobic exercise training on risk factors for CHD
in healthy, obese middle-aged and older (61 � 1 years) men. The
results suggested that weight loss is the preferred treatment to
improve CHD risk. Conversely, diet and exercise are reportedly equally
effective in reducing the risk of CHD.266

As noted by Myers and associates,267 most reports regarding physical
activity and CHD involved long-term follow-up studies in relatively
healthy people; very few focused on more clinically relevant popula-
tions. Therefore, they studied 6213 consecutive men referred for tread-
mill exercise testing for clinical reasons. The participants were
divided into two groups: those with an abnormal exercise-test result
or a history of CHD or both, and those with a normal exercise-test
result and no history of cardiovascular disease. Their results showed
that men who died during the study period were older and had a lower
maximal heart rate, lower maximal systolic and diastolic blood pres-
sure and lower exercise capacity. After adjusting for age, the peak
exercise capacity measured in metabolic equivalents was the stron-
gest predictor of death among both groups. Thus, for each metabolic
equivalent increase in exercise capacity there was a 12% improve-
ment in survival.

Coronary heart disease, physical activity and the elderly

Recent evidence suggests that the classic risk factors for CHD among
middle-aged persons are equally valid in older people. Importantly,
studies have also shown that these risk factors remain equally low in
older people who maintain a physically active lifestyle. For example,
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in a 20-year follow-up study of older track athletes aged 60 to
92 years, Mengelhoch et al.268 concluded that the risk factors remained
low and usually stable in older athletes who maintain regular exer-
cise training. In addition, the Zutphen Elderly Study269 recently
reported their ten-year follow-up findings of CHD and all-cause mor-
tality in older persons aged 64 to 84 years. Not only was time spent
in more intense physical activity strongly and inversely associated
with risks of all-cause mortality, but walking or cycling at least three
times per week for 20 minutes was associated with reduced mortality
from CHD. Furthermore, they reported that time spent in more
intense activity was generally more effective than equivalent time in
less intense activities. Similarly, others270 reported that maintaining
or starting a light to moderate physical activity program significantly
reduces mortality and “heart attacks” in elderly men with and with-
out diagnosed CHD, compared to those who remain sedentary.

Dose-response: physical activity and
coronary heart disease risk

From the studies described above, it is clear that physical activity is
of significant benefit in reducing the risk of CHD. In addition, two
recent clinical trials support the idea that the incorporation of mod-
erate-intensity activities into one’s lifestyle have CHD risk benefits
comparable to those derived from structured exercise programs.271,272

However, the necessary quantity and intensity of physical activity
for the primary prevention of CHD remains somewhat controversial.
However, as noted above in the Zutphen Elderly Study,269 along with
other recent reports to be discussed, there is good evidence for a graded
inverse dose-response relationship between the level of physical
activity and risk for CHD.

Several publications indicate that walking is protective against CHD.
For example, a cohort of men and women aged 65 years and older,
were evaluated regarding their physical activity at baseline and after
four to five years (mean 4.2 years).273 The major outcomes of the
study were hospitalizations due to cardiovascular disease and death.
Their data showed that walking more than four hours per week was
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associated with a reduced risk for both CHD hospitalization and death
in men and women compared with those who walked less than one
hour per week. However, the authors noted that reduced risk for death
may be mediated by effects of walking on other risk factors. The
effects of walking on CHD in elderly men was also evaluated in the
Honolulu Heart Program.274 The findings, observed after two to four
years, indicated that men aged 71 to 93 years who walked less than
0.25 miles per day had a two-fold increased risk of CHD compared
with those who walked more than 1.5 miles per day. Moreover, those
who walked 0.25 to 1.5 miles per day were also at a significantly
higher risk for CHD than those who walked longer distances.

Lakka et al.275 studied the independent associations of leisure-time
physical activity and maximal oxygen uptake (a measure of cardio-
respiratory fitness) with the risk of acute myocardial infarction (AMI).
Their data showed that higher levels of both leisure-time physical
activity and cardiorespiratory fitness had a strong, graded, inverse
correlation with the risk of AMI. The authors concluded that lower
levels of physical activity and cardiorespiratory fitness are indepen-
dent risk factors for CHD in men. On the other hand, data from a
prospective study of 72,488 female nurses aged 40 to 65 years at
baseline and followed for eight years, revealed that brisk walking
and more vigorous exercise were similarly associated with substan-
tial reductions in the incidence of CHD.276 It may be that the level of
exercise and risk of CHD is different in men and women. The asso-
ciation between physical activity intensity and CHD in women was
recently reported.277 This cohort of 39,372 healthy female health pro-
fessionals aged 45 and older at baseline, were studied between 1992
and 1995 with a follow-up in 1999. After adjusting for potential
confounders, the relative risks for CHD for less than 200, 200–599,
600–1499 and 1500 or more kcal/week expended on all activities
were 1.00 (referent), 0.79, 0.55 and 0.75, respectively. Although vig-
orous activities were associated with lower risk for CHD, walking
also predicted a lower risk among women not involved in vigorous
activities. Thus, at least one hour walking/week predicted a lower
CHD risk. The benefits of physical activity also included women who
were overweight, had increased cholesterol levels or were smokers.
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More recently, Manson and associates278 prospectively studied 73,743
postmenopausal women aged 50 to 79 years who were free of cardio-
vascular disease and cancer at baseline. They found an inverse asso-
ciation between an increasing physical-activity score and risk for both
coronary events and total cardiovascular events in both white and
black women. Thus, increasing quintiles of energy expenditure had
an age-adjusted relative risk of coronary events of 1.00, 0.73, 0.69,
0.68 and 0.47, respectively. Moreover, walking and vigorous exer-
cise were associated with similar risk reductions, which did not vary
significantly according to race, age or BMI. Conversely, they noted
that “prolonged sitting predicts increased cardiovascular risk.”

Williams279 examined the dose-response relationship between CHD
risk factors in vigorously active older men. He noted that although
older runners ran more slowly than younger runners, those 60 years
and older who ran farther had significantly higher plasma levels of
HDL-C and lower ratios of TC to HDL-C, plasma triglycerides, sys-
tolic and diastolic blood pressure, BMI and waist circumference.
Moreover, a recent Harvard Alumni Health Study280 involving 12,516
middle-aged and older men (39 to 88 years of age) who were fol-
lowed for 16 years, found that total physical activity and vigorous
activities were associated with the strongest reductions in CHD risk.
They noted that although moderate to light activities may be less
accurately measured, their data indicated a non-signifcant inverse
correlation between CHD risk in this group. They also noted that the
association between reduced risk for CHD and physical activity
extended to men with multiple coronary risk factors. In a related
study, Lee et al.281 prospectively followed 7307 older men, mean age
66.1 years, to determine whether longer exercise periods were more
predictive of decreased CHD risk compared with shorter sessions if
the same amount of energy was expended. After adjustment for age
and other potential confounders, they concluded that as long as the
total energy expended was similar, shorter exercise sessions were
equally as protective as longer sessions.

An extensive recent report from the Health Professionals’ Follow-up
Study involving 44,452 American men found that total physical
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activity, running, weight training and rowing were each inversely
associated with CHD risk.282 The relative ratios corresponding to
quintiles of metabolic equivalent tasks (METs) for total physical
activity were 1.0, 0.90, 0.87, 0.83 and 0.70. Men who ran an hour or
more per week had a 42% risk reduction compared with men who
did not run. Men involved in weight training for 30 minutes or more
per week had a 23% risk reduction compared with those who did not
train with weights, and rowing for one hour or more per week had an
18% risk reduction compared with men not engaged in rowing. In
addition, average exercise intensity was associated with reduced CHD
risk independent of the total physical activity. Brisk walking for 30
minutes per day was associated with an 18% risk reduction; walking
pace was also associated with reduced CHD risk independent of the
number of hours walked. Similarly, Wagner et al.283 evaluated the
met energy expenditure (EE) as the result of physical activity in 9758
individuals from Northern Ireland and France who were aged 50 to
59 years and free of CHD at baseline. The subjects were categorized
as to their high-intensity leisure-time physical activities, or walked
or cycled to work. After multivariate adjustment, leisure-time physi-
cal activity EE was associated with a significantly lower risk of
myocardial infarction and coronary death whereas walking or
cycling to work was not independently related to these cardiovascu-
lar events. The authors suggested that the greater level of leisure time
activities in France may, in part, explain the higher risk of myocar-
dial infarction and CHD death noted in Northern Ireland compared
with France.

It is also of interest that aptitude for different sports may be impor-
tant in CHD protection. Kujala and coauthors284 investigated the
association between natural selection to sports, continuity of physi-
cal activity and occurrence of CHD in former male athletes partici-
pating at a young age (1920–1965) in different types of sports
(endurance, power speed, “other” and healthy controls). In 1985, all
former athletes were significantly more active than controls. More-
over, former endurance athletes participated more often in vigorous
activity compared with power speed athletes and had significantly
less CHD (odds ratio, 0.34). In 1985 and 1995, both endurance and
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“other” athletes had less CHD than the controls. The authors con-
cluded that both a previous aptitude for endurance athletic events
and continuity of vigorous activity were associated with less CHD.
However, a power speed aptitude did not give CHD protection.

Physical fitness and coronary heart disease mortality

Physical fitness studies based on point estimates suggest they are
reliable long-term predictors of cardiovascular and all-cause mortal-
ity in healthy people. Erikssen et al.285 studied the sequential periods
1972–1975 and 1982. All participants received a physical examina-
tion, various blood tests, spirometry, chest radiograph, height and
weight measurements and an exercise electrocardiographic test at both
time periods. The results indicated a graded inverse relation between
changes in physical fitness and mortality irrespective of physical fit-
ness status at the initial survey indicating that a change in physical
f itness is a strong mortality predictor. Similarly, Blair and
coworkers286 quantified the relation of cardiorespiratory fitness to
CHD and all-cause mortality within strata of various personal char-
acteristics associated with CHD and early mortality (i.e. smoking,
cholesterol level, blood pressure and health status). The major out-
come measures of the 25,341 men and 7,080 women participants
was CHD mortality and all-cause mortality. The results showed that
low fitness is an important risk of mortality. In addition, the protec-
tive effect of physical fitness held for both smokers and non-
smokers, those with and without increased plasma cholesterol levels,
elevated blood pressure and those who were both healthy and
unhealthy. The authors concluded that moderate physical fitness
protects against the influence of these other mortality risk factors.
Others287 noted there were about 75,000 yearly instances of acute
myocardial infarction (AMI) in the US that occur after heavy physi-
cal exertion; of these, there were 25,000 deaths. However, they
reported that those regularly involved in physical exertion were pro-
tected against the triggering of an AMI under similar conditions.

Additionally, Wei et al.288 compared the relationship between low
cardiorespiratory fitness and mortality in overweight and obese men
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with those of normal weight. The study involved 25,714 adult men
(43.8 � 10.1 years) who received a medical examination during 1970
to 1993 with a mortality follow-up to 1994. Using normal-weight
men without CHD as the reference group, the strongest predictor of
CHD death in obese men was baseline CHD (relative risk, 14.0). The
relative risks for obese men with diabetes, elevated blood choles-
terol, hypertension, smoking and low cardiorespiratory fitness were
similar (relative risks 4.4 for smoking to 5.0 for low fitness). The
relative risk for all-cause mortality in obese men with low fitness
was 3.1 compared with the normal weight group. However, low fit-
ness was an independent mortality risk factor in all BMI groups. The
authors concluded that cardiorespiratory fitness was “a strong and
independent predictor” for both CHD and all-cause mortality; it was
as important as diabetes and the other major risk factors.

Although regular physical activity is very effective in decreasing the
risk of CHD, there are some contraindications to exercise regardless
of age or sex.31 These include recent electrocardiograph (ECG)
changes and myocardial infarction, congestive heart failure, unstable
angina, uncontrolled arrythythmias and third-degree heart block.
Relative contraindications include uncontrolled hypertension, cardi-
omyopathy, complex ventricular ectopy and uncontrolled metabolic
disturbances.

Exercise and pathogenesis of atherosclerosis

Atherosclerosis is primarily a disorder of lipid and lipoprotein
metabolism. Moreover, oxidative modification of low-density lipo-
proteins is a widely accepted pathogenetic mechanism.214 As previ-
ously indicated in this chapter, regular exercise improves several of
the commonly recognized independent CHD risk factors (overweight/
obese, hypertension, type 2 diabetes, blood lipid levels, etc.). In
addition, physical activity has a positive effect on other established,
but less well-known risk factors, including increased plasma fibrino-
gen289–292 and factor VII289 levels, coronary endothelial function,293

blood mononuclear cells,294 blood viscosity295 and oxidative
stress.296,297 Physical activity also lowers the risk for CHD by other,
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albeit poorly understood, mechanisms. For example, CHD has been
associated with chronic inflammation,298 which is also associated with
increased oxidative stress.214 Moreover, an elevated plasma C-reactive
protein (C-RP) level is associated with a two- to five-fold increased
risk of coronary events.299,300 Importantly, recent cross-sectional
associations between physical fitness and plasma C-RP were recently
studied among a tri-ethnic sample (i.e. African American, Native
American and Caucasian) of women aged 55 � 11 years.301 The
results showed that enhanced physical fitness was associated with
significnatly decreased plasma C-RP levels in all three ethnic groups.
These findings are not surprising since moderately intense exercise
stimulates the immune system (see later section, “Physical Activity
and the Immune System”).

It has also become recently apparent that there are vascular adapta-
tions to exercise training. Over 100 studies have focused on the
role of nitric oxide (NO), a free radical that causes vascular dilata-
tion (endothelium relaxing factor) and therefore has a
cardioprotective function in cardiac ischemia and preconditioning.302

NO is synthesized by three different nitric oxide synthase (NOS)
enzymes [inducible (i) NOS, endothelial (e) NOS and neuronal (n)
NOS]. Importantly, chronic exercise has been shown to increase
both iNOS and eNOS gene expression in endothelial cells of the rat
aorta.303 Moreover, NO not only stimulates vascular dilatation, it
inhibits platelet aggregation and has antioxidant, anti-proliferative
and anti-apoptotic properties.304 As a result, long-term NOS inhibi-
tion accelerates atherogenesis.305

Physical Activity and Stroke

Cerebrovascular disease is the third most common cause of death in
the US (158,060 deaths in 1998).194 The pathogenesis of stroke, as
with AMI, is most often the result of atherosclerosis. As noted in the
preceding section, physical activity is significantly and inversely as-
sociated with CHD. However, the role of physical activity in stroke
prevention is less well studied, and early results from epidemiologic
studies have been somewhat inconsistent. Although a couple of



Physical Activity and Its Role in Disease Prevention 255

earlier reports did not show an inverse relationship between stroke
and physical activity,306,307 more recent longitudinal studies did.

In the Framingham Study,308 two separate analyses were performed;
the first was during midlife in both men and women (mean ages
49.7 and 49.9 years, respectively) and a later one when the cohort
was older (mean ages 63.0 and 63.7 years, respectively). Physical
activity was divided into tertiles; median and high levels were com-
pared with a low level (referent group). In men, the data revealed
that increased levels of physical activity were protective against
stroke. However, high levels of physical activity did not confer an
additional protective effect over medium levels. Interestingly, in-
creased physical activity did not have a protective effect in women.
Conversely, the National Health and Nutrition Examination Survey
I (NHANES 1) studied 7895 white and black men and women aged
45 to 74 years at baseline.309 The average follow-up period was
11.6 years. The baseline risk factors of age, smoking, history of
diabetes and CHD, education level, systolic blood pressure, total
serum cholesterol, BMI and hemoglobin concentration for both men
and women were adjusted. In addition, a higher resting pulse rate
was associated with an increased risk of stroke in blacks but not in
whites. Similarly, the Northern Manhattan Stroke Study, which
included white, black and Hispanic men and women, compared lei-
sure-time activity with ischemic stroke risk.310 Their results showed
that leisure-time physical activity was significantly protective of
stroke in all groups after adjustment for cardiac disease, peripheral
vascular disease, hypertension, diabetes, smoking, alcohol use,
obesity, education level and season of enrollment. In addition, the
authors reported a dose-response relationship for both intensity (i.e.
light to moderate activity versus vigorous activity) and exercise
duration (i.e. less than two hours per week, two to less than five
hours per week and five or more hours per week).

Other studies were limited to either women or men. In a recent
publication, Hu et al.311 reported their findings of the effects of
physical activity on risk of stroke in 72,488 female nurses aged 40
to 65 years at baseline (Nurses’ Health Study). The follow-up
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period was eight years. Their data indicated that physical activity,
including moderate-intensity exercise (e.g. walking), was associ-
ated with a significant reduction in risk of total and ischemic stroke
in a dose-response manner. That is, a brisk or striding walking pace
was associated with a lower stroke risk compared with an average
(i.e. casual) pace.

Three major studies have examined the relation between physical
activity and stroke in men. Abbott and associates312 evaluated the
risk of stroke in 7530 men over a 22-year period (the Honolulu Heart
Program), and compared the risk in younger (aged 45–54 years)
middle-aged men with an older group (aged 55–68 years). The older
group consisted of those who were sedentary or mildly active. After
exclusion of those with hypertension, diabetes and left ventricular
hypertrophy, the relative risk of stroke for inactive men was 3.7 com-
pared with active men. In non-smoking older men, the relative risk
of thromboembolic stroke among sedentary men versus active men
was 2.8. When partially active older men were compared with those
who were physically active, the relative risk was 2.4. However,
increased physical activity did not reduce the incidence of throm-
boembolic stroke in men who smoked cigarettes.

A recent prospective cohort study of 11,130 Harvard University
male alumni (the Harvard Alumni Health Study), mean aged 58
years at baseline, compared physical activity and the incidence of
stroke after 13 years follow-up.313 After adjusting for age, smok-
ing, alcohol intake and early parental death, the relative risks of
stroke was inversely associated with the level of activity as
follows: �1000, 1000–1999, 2000–2999, 3000–3999 and �4000
kcal/week of energy expenditure at baseline were 1.00, 0.76, 0.54,
0.78 and 0.82, respectively. Walking �20 km/week was associ-
ated with a significantly lower risk which was independent of other
physical activity components. As noted from the data, the lowest
incidence of stroke was associated with an energy expenditure of
2000 to 2999 kcal/week; the incidence increased with either higher
or lower activity levels. Similarly, Lee et al.314 reported their
findings in a study of exercise and stroke risk in male physicians
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(Physicians’ Health Study). After adjustment for treatment assign-
ment, age, smoking, alcohol intake, history of angina and paren-
tal history of myocardial infarction, the relative risks of stroke
associated with vigorous (sweat producing) exercise (i.e. less than
once, two to four times and five or more times per week) at baseline
were 1.00 (referent), 0.79, 0.80 and 0.79, respectively. In subgroup
analyses, the inverse association was stronger for hemorrhagic
than ischemic stroke. When further adjustments were made for
BMI, history of hypertension, increased serum cholesterol levels
and diabetes mellitus, the corresponding relative risks for total
stroke were 1.00 (referent), 0.81, 0.88 and 0.86, respectively. Thus,
vigorous exercise was again shown to be associated with a
decreased risk of stroke in men. The authors suggested that the
inverse relationship was mediated by the beneficial effects of
exercise on body weight, blood pressure, serum cholesterol and
glucose tolerance.

Cancer and Physical Activity

An estimated 1,284,900 new cancer cases will be diagnosed in the
US in the year 2002;315 it is second only to cardiovascular disease
as a cause of death (about 555,500 in 2002). Epidemiologic studies
consistently indicate that cancer is largely an avoidable disease since
more than two-thirds of cancer deaths might be prevented through
lifestyle changes.316,317 In addition to genetic factors, smoking, obe-
sity, poor diet and various environmental toxins are all major risk
factors. For example, evidence is now firm that overweight and
obesity are important risk factors for cancers of the colon, en-
dometrium, ovary, kidney, breast and lower esophagus. In
addition to not smoking and staying lean, physical activity provides
the greatest potential for minimizing cancer risk. Indeed, numerous
studies have provided considerable support for an inverse relation-
ship between increased physical activity, as measured directly (i.e.
subjective recall, former athletic status and job classification) or
indirectly (i.e. physical fitness), and decreased incidence and/or
mortality rates for various cancers (Table 3.5). However, it is often
difficult to ascertain whether physical activity is independently
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associated with a decreased incidence of some cancers or whether
this is associated with an impaired lifestyle and various other con-
founding variables. It is somewhat surprising that in 1922 Cherry
theorized that increased physical activity prevents cancer.318 This
hypothesis came from his astute observations that primitive societ-
ies have significantly lower cancer rates than more civilized cul-
tures and that the amount of job activity was inversely associated
with cancer mortality. Several recent reviews on the relationship of
physical activity and cancer have been published.319–321

The American Cancer Society recommended the following physical
activity guidelines for cancer prevention.322

(1) Individual Guidelines
(a) Adults: at least moderate activity for 30 minutes or more on

five or more days per week; 45 minutes or more of moderate-
to-vigorous activity on five or more days per week may fur-
ther enhance risk reductions of colon and breast cancers.

(b) Children and Adolescents: at least 60 minutes per day of
moderate-to-vigorous physical activity at least five days per
week.

(2) Community Guidelines
Public, private and community organizations should work to cre-
ate social and physical environments that support the adoption
and maintenance of healthful physical activity behaviors.

Table 3.5: Physical Activity and Decreased
Cancer Risk

Colon
Estrogen-linked cancers
Breast
Ovary
Endometrium

Prostate
Lung
Pancreas
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Physical activity and colorectal cancer

Cancer of the colon and rectum is one of the most common malig-
nant disorders in both men and women. For year 2002, there were an
estimated 107,300 and 41,000 new cases of colon and rectal cancer,
respectively (colon: men 50,000, women 57,000, rectum: men 22,600,
women 18,400). The estimated number of deaths were 48,100 and
8500 for colon and rectal cancer, respectively.315 Although epidemio-
logic studies have not consistently identified strong risk factors for
these malignancies, there is increasing evidence that dietary fat
increases the risk (discussed in Chapter 4). In addition, the relationship
between physical activity and colorectal cancer has been extensively
studied over the past two decades. The totality of evidence suggests
that inactive people, compared with active persons, have a 1.2- to
3.6-fold increased risk of developing colon cancer.323,324

Vena et al.325 studied a group of white male patients aged 30 to 79
years during an eight-year period and compared the amount of life-
time occupational physical activity and incidence of colon and rectal
cancer and compared them with a control group with non-neoplastic,
non-digestive diseases. Occupational categories were coded into one
of five physical activity levels according to Department of Labor
ratings. Their findings showed an increased risk of colon cancer
associated with sedentary or light occupational physical activity. How-
ever, a strong consistent association between physical activity and
rectal cancer was not present. Others have also shown an inverse
relationship between occupational physical activity and colon can-
cer. Using the Missouri Cancer Registry, Brownson et al.326 studied
the incidence of colon cancer in specific occupations and industries
and the levels of occupational physical activity. They concluded that
increased colon cancer risks were identified for printing machine
operators, workers in food manufacturing, communications and
petroleum products. They also reported excess risk among males
employed in sedentary jobs and an inverse linear trend in risk
according to the level of occupational physical activity.

Similarly, others327 evaluated the relationship between colon cancer,
physical activity and occupation in a case-control study. They found a
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decreased risk in persons with physically active occupations (i.e. agri-
culture, forestry and saw millworkers) and an increased risk for rail-
way employees. More recently, Tavani and coworkers328 investigated
the relationship between colon and rectal cancers and occupational
physical activity in women and men below 75 years of age. Compared
with the lowest level of occupational activity at ages 30 to 39 years, the
odds ratios for colon cancer were 0.64 and 0.49 for men and women,
respectively. This inverse association for both sexes was similar at ages
15 to 19 and 50 to 59 years. Again, however, rectal cancer risk was not
associated with any measure of physical activity.

Several recent studies have compared leisure-time physical activity
and risk of colorectal cancer in both men and women. White and
associates329 found that for middle-aged men and women combined,
moderate or high intensity recreational activity (i.e. two or more
activities per week versus none) was associated with a decreased risk
of colon cancer. The relationship was stronger for men than women.
Others330 studied five lifestyle patterns for both men and women. The
first consisted of dietary patterns including “Western,” “moderation,”
“calcium/low-fat dairy,” “meat and mutagens” and “nibblers, smok-
ing, coffee.” The second group consisted of lifestyle patterns labeled
“body size,” “medication and supplementation,” “alcohol” and “physical
activity.” Among both men and women, an increased level of physical
activity was the most marked lifestyle pattern associated with colon
cancer (odds ratios 0.42 and 0.52 for men and women, respectively).

Two recent studies on physical activity and colon cancer outside the
US have also been reported. Tang et al.331 noted that the mortality
rate of colorectal cancer has been increasing in Taiwan over the past
20 years, placing it as the third leading cause of cancer mortality in
that country. They studied a cohort of subjects aged 30 to 80 years of
age. After evaluating dietary intake, physical activity and other
lifestyle activities, they found the odds ratio among men with active
leisure-time physical activity was 0.19 times that of sedentary men.
However, physical activity was not associated with colon cancer risk
in women. Interestingly, they reported a strong inverse dose-response
relationship between increased water intake and rectal cancer in men.
A similar but statistically non-significant trend was reported for
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women. Thune and Lund332 examined occupational and recreational
physical activity and the risk of colorectal cancer in a population-
based Norwegian cohort. The follow-up periods were 16.3 years for
men and 15.5 years for women. Their results showed that physical
activity at a level equivalent to walking or cycling for at least four
hours per week during leisure-time was associated with a significant
decreased risk of colon cancer among both females and males. More-
over, in both sexes there was a stronger preventive effect for physical
activity in the proximal compared with the distal colon. They also
reported a borderline significant decrease in colon cancer risk for
occupational physical activity in men aged 45 years and older
compared with the sedentary group. However, no effect was noted
for occupational physical activity in women.

Recent large-scale studies limited to either women or men have also
been carried out. In multivariate analyses, the Nurses’ Health Study
compared BMI and leisure-time physical activity with colon cancer
risk.333 They found that women whose energy expenditure exceeded
21 metabolic equivalent task (MET)-hours* per week of leisure-time
physical activity had a relative colon cancer risk of 0.54 compared
with women who expended less than 21 MET-hours per week. More-
over, women with a BMI greater than 29 kg/m2 (obese) had a relative
risk for colon cancer of 1.45 compared with women whose BMI was
less than 21 kg/m2. Others studied the effects of physical activity on
colon cancer risks in men. For example, Lee and Paffenbarger334

reported that men who were highly active physically had 0.19 to
0.56 times the colon cancer risk compared with those who were inac-
tive. However, as with other studies, the level of physical activity was
not significantly associated with the risk for rectal cancer. Conversely,
in a more recent Physicians’ Health Study, essentially the same
research group reported that their data did not support the hypothesis
that physical activity reduces the risk of colon cancer in men.335 The
authors suggested that “plausible alternate explanations for the null
finding include misclassification of physical activity and the poten-
tial for increased surveillance for colon cancer (screening effect)
among those physically active.” These results are, of course, in oppo-
sition to the numerous studies cited above, among others.
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Several of the studies reported in this section suggested a dose-
response relationship between the level of physical activity and
colon cancer risk. In addition, Slattery et al.336 presented evidence
that vigorous leisure-time activity performed over two decades was
significant in reducing the risk for colon cancer. Moreover, the greatest
inverse association was observed in those whose physical activity
sessions were for longer time periods. They also estimated that 13%
of all colon cancers could be attributed to lack of vigorous leisure-
time activity.

Giovannucci and coworkers337 studied the relationship between physi-
cal activity, BMI and pattern of fat distribution and risk of colorectal
adenomas in women. After controlling for various factors (i.e. age,
prior endoscopy, family history of colorectal cancer, smoking,
aspirin and intakes of animal fat, dietary fiber, folate and alcohol),
physical activity was inversely associated with risk of large (i.e. �1
cm) distal colon adenomas. The relative risk was 0.57 when compar-
ing high and low quintiles of average leisure-time energy expendi-
ture. They noted that “much of the benefit” came from moderate
intensity physical activity such as brisk walking. BMI was also a
significant independent risk for large distal colon adenomas, although
waist circumference and waist-to-hip ratio were not. In an earlier
study, these investigators reported essentially the same results in
men.338 Other published reports are in essential agreement.339,340

As a final note, it is of considerable importance that individuals who
regularly use aspirin and other non-steroidal anti-inflammatory drugs
(NSAIDs) for pain/discomfort, may also have a sigificantly reduced risk
of colon cancer.341–343

Physical activity and estrogen-linked cancers

Breast

Breast cancer is the most common non-skin malignancy in American
women; there were about 180,200 new cases in 1997.344 In 2002,
there were an estimated 205,000 new cases and 38,600 deaths.315
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Approximately one in nine women will develop breast cancer and
about one-fourth will die of the disease. After lung cancer, it is the
second most common cause of female cancer deaths. The etiology of
breast cancer is varied with only 5% to 10% of cases being due to
autosomal dominant genes.345 Other risk factors include female sex,
age (i.e. postmenopausal), high fat diet, obesity, being nulliparous
and having the first child after age 30 years.346 A sedentary lifestyle
has also been hypothesized as an important risk factor. Several mecha-
nisms have been proposed to explain the prevention of estrogen-linked
cancers by physical activity:347 (1) maintenance of low body fat and
moderation of extraglandular estrogen; (2) reduction in number of
ovulatory cycles and subsequent diminution of lifetime exposure to
endogenous estrogen; (3) enhancement of natural immune function;
and (4) the association of other healthy lifestyle habits. Early obser-
vations that led to this hypothesis are the negative effects of early age
at menarche and late age of menopause on breast cancer risk.348 That
is, early menarche is associated with a more rapid onset of a regular
ovulatory menstrual cycle than late menarche, with resultant longer
exposure to estrogen. In addition, regardless of when the age
menarche begins, the rapidity with which regular cycling is estab-
lished is associated with breast cancer risk. However, the relation-
ship between increased physical activity and breast cancer risk is
controversial. Some studies clearly suggest that increased physical
activity has a protective effect against breast cancer while others have
found no association. In any event, the support for increased physi-
cal activity as a preventive measure of breast cancer is not as strong
as for colon cancer.

Most studies, however, as described in several recent literature
reviews, agree that a sedentary lifestyle is a risk factor for this malig-
nancy.347,349,350 For example, Friedenreich and associates349 examined
21 studies published before 1997 that evaluated physical activity in
relation to breast cancer risk. Of these, 15 found that increased physical
activity reduced the risk of breast cancer, while four studies reported
no association and two found an increased risk in those who were
more physically active. Similarly, Gammon et al.350 reported that
seven of nine studies suggested that increased occupational physical
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activity may be associated with a decreased risk of breast cancer, at
least in a subgroup of women. Eleven of 16 studies on recreational
activity reported a 12% to 60% decrease in risk among both
premenopausal and postmenopausal women. However, a dose-
response effect was not noted in most of the reports. In addition, they
found the risk reduction associated with exercise was observed more
often in case-control studies than in cohort studies. Several specific
studies published over the past decade will be presented.

Bernstein et al.351 reported a relative risk of 0.42 for women with a
lifetime average of 3.8 hours or more of physical activity per week
compared with those who were sedentary. Moreover, they found that
over the course of the child-bearing years, four hours of exercise per
week resulted in a 58% lower risk of breast cancer compared with
sedentary women during this time period. Several more recent stud-
ies are also supportive of an inverse association between physical
activity and breast cancer. Thune and associates352 studied 25,624
women, 20 to 54 years of age at baseline, and followed them for a
median of 13.7 years. After adjustments for age, BMI, height and
parity, women engaged in leisure-time regular exercise, compared
with sedentary women, had a relative risk of 0.63. The reduced risk
in regularly exercising women was greater in premenopausal than
postmenopausal women. It was also greater in women less than
45 years of age at entry compared with older women at entry (aged
45 years or older). These workers also reported that increased occu-
pational physical activity decreased the risk compared to those with
little or no activity at work. Data from the Nurses’ Health Study in-
volving women aged 30 to 55 years at baseline and followed for
16 years has been analyzed.353 Here, women engaged in moderate to
vigorous physical activity for seven or more hours each week had a
relative risk of 0.82 for breast cancer compared to women who were
physically active for one hour or less per week. In addition, the
authors reported a dose-response trend.

Carpenter et al.354 reported the following odds ratios (OR) for women
with relatively stable adult body weights who (1) consistently
exercised throughout their lifetime (OR, 0.42); (2) exercised more than
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four hours per week for at least 12 years (OR, 0.59); and (3) exercised
vigorously during the most recent ten years (OR, 0.52). However, physi-
cal activity was not found to be protective for women who gained over
17% body weight during adulthood.

Physical activity has also been reported to decrease the risk of breast
cancer in women from other countries. For example, Ueji et al.355 found
that after adjustment for possible confounding factors (i.e. BMI, height,
family history of breast cancer, education level, age at menarche, age
at first birth and menopausal status), recreational physical activity was
associated with a significant reduction of cancer risk in Japanese
women. The odds ratio among women who played a regular sport or
who exercised more than 15.3 METs per week was 0.35 compared to
those who played no sport or did not participate in regular physical
activity. Similarly, a case-control Swiss study reported that physical
activity is “a favorable indicator of breast cancer risk.”356

In addition to the few studies referred to in the review articles quoted
above,347,349,350 two additional recent reports also do not support a role
for physical activity in reducing the risk of breast cancer.357,358

Although most studies clearly agree that increased physical activity
significantly decreases the risk of breast cancer, a few do not, for
reasons that are not entirely clear. As a result, well-designed studies
are sorely needed to clarify the specific reasons for these differences.
In addition, the exercise or physical activity dosage needed to pro-
vide optimal protection from cancer is unclear. Certainly, case-
control studies that quantify the degree of physical activity over time
are more reliable than those based on self-reported activities.

Ovary

In 2002, there were an estimated 23,300 new cases of ovarian carci-
noma in the US, resulting in 13,900 deaths.315 In two early studies,
Frisch and others359,360 reported a reduced prevalence of cancers of the
breast, ovary and endometrium in college women athletes who contin-
ued to be physically active throughout their lifetimes (73.5% of the
women athletes from years 1921 to 1981 remained physically active
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compared with 57.0% of non-athletes). After controlling for age, fam-
ily history of cancer, age at menarche, number of pregnancies, use of
oral contraceptives or estrogen replacement therapy, smoking and lean-
ness, the study found strong evidence for an inverse association
between the college female athletes engaged in lifetime physical activ-
ity and the risk for these estrogen-linked cancers compared with non-
athletic women who engaged in little or no physical activity during the
same period of their lives. In Shanghai, occupational activity was evalu-
ated in Chinese women with estrogen-dependent cancers.361 Here, a
postiive association was also found between low occupational physi-
cal activity and cancers of the ovary, breast and endometrium. The
authors also reported a protective effect in women retired from physi-
cally active jobs, suggesting that the benefits of lifelong occupational
activity persists after retirement.

More recently, Cottreau and associates362 reported that increased lei-
sure-time physical activity was significantly associated with a
decreased occurrence of ovarian cancer in women studied from 1994
to 1998. After adjustment for age, parity, oral contraceptive use, family
history of ovarian cancer, race and BMI, women with the highest
level of physical activity had an odds ratio of 0.73 for ovarian cancer
compared with women in the lowest level of physical activity. Oth-
ers,363 however, reported that increased physical activity was not
associated with decreased ovarian cancer and that those with “mod-
erate” or “high” activity levels actually had an increased risk com-
pared with physically inactive women. This latter study is clearly
contrary to the hypothesized mechanism(s) outlined above whereby
physical activity is thought to decrease the risk of ovarian cancer.

Uterine corpus

Endometrial cancer is the most common malignancy of the female
reproductive tract. In 1996, there were an estimated 30,000 cancer
cases of the uterine corpus in the US and 6000 deaths;364 in 2002,
the estimated number of new cases increased to 39,300 with
6600 deaths.315 Established risk factors of endometrial cancer include
estrogen replacement therapy, middle-aged obesity, diabetes
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mellitus and low parity; the effects of diet, weight change, alcohol
intake and genetic factors are uncertain.365 Physical inactivity is also
a possible risk factor for endometrial cancer. Over the last decade,
several studies have been published on the association between physi-
cal activity and endometrial carcinoma.

In 1993, Levi and associates366 reported a risk of 1.3 to 2.3 for
endometrial cancer in Swiss and Italian women whose physical
activity level was “moderately low” and over 2.5 for those whose
activity was “very low.” After adjustment for various potential dis-
torting factors including BMI, the inverse trends in risk remained
statistically significant. During this same year, two other studies also
found an inverse association between physical activity and endome-
trial cancer.367,368 In the latter report,368 the association remained
unchanged after adjustments for caloric intake and BMI.

In a nation-wide Swedish cohort study, increased occupational
physical activity was also found to decrease the risk of endome-
trial cancer.369 However, the protective effect of physical activity
was confined to women aged 50 to 69 years among whom seden-
tary work was associated with a 60% higher risk compared with
the most active women. Conversely, others found no relationship
between occupational physical activity and decreased risk of
endometrial cancer.370 They did, however, report an overall
“modest” cancer risk reduction in women who were physically
active compared with sedentary women. More recently, a cohort
study from the Swedish Twin Registry examined the association
of physical activity, weight and weight change, fruit, vegetable
and alcohol consumption, socioeconomic status, parity and pres-
ence of diabetes mellitus with the incidence of endometrial
cancer.365 The data showed that increasing physical activity mark-
edly decreased the risk of endometrial cancer independent of
weight and parity; the risk in the highest quartile was 0.2 com-
pared with the sedentary group. Additional independent risk
factors included very low fruit and vegetable intake, and increased
weight in middle age and early adulthood. There was no evidence
of a genetic component.
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In summary, most studies support an inverse relationship between
the level of both leisure-time and occupational physical activity and
estrogen-dependent cancers. However, an inherent problem in most
of these studies is controlling for confounding factors, especially BMI.
If in fact physically active women are at decreased risk for these ma-
lignancies, a major question yet to be answered is whether it is due to
increased physical activity or to less body fat because of a physically
active lifestyle.

Prostate

Prostate cancer is the most common malignancy in men; in 2002,
there were an estimated 189,000 new cases.315 Of these, there were
about 30,200 deaths, making it the third most common cause of
cancer death in American men. After colon cancer, prostate
cancer is the most studied malignancy with respect to the effect of
physical activity.

Kiningham321 reviewed the literature regarding the association
between prostate cancer and physical activity before 1996. Of the
five studies that evaluated occupational physical activity and pros-
tate cancer, three found a significant inverse association between
prostate cancer and physical activity; one reported no significant
trend towards decreased cancer risk and one reported no associa-
tion between prostate cancer and physical activity. On the other
hand, all four studies that compared leisure-time physical activity
reported a decreased risk with increasing activity; the relative risks
for the most active group, compared with the least active group,
ranged from 0.12 to 0.77. Although one study compared total
physical activity and found no significant relationship, another
one evaluated overall physical f itness and reported a highly
significant inverse association between prostate cancer and car-
diorespiratory fitness. Another review article, published one year
later, evaluated 17 studies that assessed the effect of physical
activity on prostate cancer development.371 Of these, nine indi-
cated that exercise is beneficial in decreasing the risk of prostate
cancer, f ive found no conclusive evidence for this inverse
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association and three suggested that physical activity actually
increased the risk of prostate cancer.

In addition to these early reports, several additional studies on this
topic have appeared in the literature since 1996. Of these, one indi-
cated that leisure-time physical activity was beneficial in reducing
prostate cancer,372 one reported a decreased cancer risk for those
men involved in physically active occupations373 and one showed a
significantly reduced incidence in men who had high levels of
cardiorespiratory fitness.374 In addition, a recent study reported
that increased physical activity reduced the incidence of benign
prostatic hypertrophy.375 Conversely, two studies found no correla-
tion between prostate cancer and physical activity376,377 and two
suggested an increased risk of prostate cancer in men who were
physically active.378,379

It is important to note here that a recent laboratory study presented
evidence of an inhibitory effect of diet and exercise on prostate can-
cer cell growth in vitro.380 More specifically, a low fat, high fiber diet
and exercise intervention in overweight men resulted in serum changes
that significantly reduced the growth of androgen-responsive pros-
tate cancer cells. Thus, although most studies suggest that increased
physical activity is associated with a reduced risk of prostate cancer,
clearly all do not. As a result, further research directed at clarifying
these discrepancies is urgently needed in order that reliable physical
activity guidelines are available to reduce the risk of this malignancy.

Lung and bronchus

In the year 2002, there were an estimated 169,400 new cancer cases
of the lung and bronchus; 90,200 in men and 79,200 in women.315 Of
these, there were an estimated 154,900 deaths (men, 89,200; women
65,700). This malignancy is clearly the most common cause of death
due to cancer in men (89,200 lung versus 30,200 prostate). In addi-
tion, since 1987 lung cancer has exceeded breast cancer as the lead-
ing cause of cancer deaths in women (i.e. about 65,700 versus 39,600
in 2002); it now accounts for about 25% of all female cancer deaths.315
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The single most important risk factor, which accounts for at least
85% of cases of lung cancer, is tobacco smoking in general and
cigarette smoking in particular.381 Although relatively uncommon,
occupational risks include the uranium miners, asbestos workers and
probably others.

Several studies have been published comparing the effect of physi-
cal activity on lung cancer risk. For example, 17,607 college male
alumni aged 30 to 79 years and followed for at least 22 years, were
studied to determine if physical activity (i.e. stair-climbing, walk-
ing, sports participation and recreational activity) was associated
with lung cancer risk.382 The authors found that highly active men
had a significantly decreased risk for both colon and lung cancer,
having an average of 0.19 and 0.39 times respectively, compared
with their inactive colleagues. There was no association between
physical activity and risks of rectal, prostatic or pancreatic cancers.
Thune and Lund383 studied the effects of leisure-time and work
activity with the risk of lung cancer in both men (53,242) and women
(28,274). They reported that leisure-time activity, but not work
activity, was inversely related to lung cancer risk in men after
adjustment for age, smoking habits, BMI, and geographical
residence. Men who exercised at least four hours per week had a
relative risk of 0.71 compared with men who did not exercise.
Interestingly, this reduced association was particularly strong for
both small cell carcinoma and adenocarcinoma; there was no cor-
relation with squamous cell carcinoma. Moreover, they found no
association between physical activity and lung cancer in women.
Similarly, Lee et al.384 reported an inverse dose-response relation-
ship between physical activity and lung cancer in men. The relative
cancer risks were 1.00 (referent), 0.87, 0.76 and 0.61 for energy
expenditures of �4200, 4200–8399, 8400–12,599 and �12,600 kj/
week, respectively (12,600 kj per week compares with about six to
eight hours per week of moderate intensity physical activity).

Pancreas

Pancreatic carcinoma represented the fifth leading cause of cancer-
related deaths in 2002 (30,300 cases; 29,700 deaths)315 Other than
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cigarette smoke, few environmental factors have been associated with
the risk of pancreatic cancer.385 However, in a recent report consist-
ing of two cohort studies, the Health Professionals Follow-up Study
and the Nurses’ Health Study involving 46,648 men and 117,041
women respectively, Michaud et al.386 reported their findings on the
relationship between pancreatic cancer, overweight/obesity and physi-
cal activity. Their results showed that in individuals with a BMI of
30 kg/m2 or more had an increased risk of pancreatic cancer com-
pared to those whose BMI was 23 kg/m2 or less (risk ratio, 1.72). In
addition, they reported an inverse relationship between pancreatic
cancer and moderate physical activity (multivariable risk ratio, 0.45
for the highest versus the lowest categories). The authors empha-
sized that increased physical activity was particularly effective in re-
ducing the risk of pancreatic cancer in those who were overweight/
obese. This study was the first to recognize the relationship between
physical activity and pancreatic cancer. Others, referring to this study,
emphasized the following two points.387 First, reduced risk is prima-
rily associated with sustained exercise at a moderate intensity level
such as walking or hiking rather than vigorous short-term activity.
Second, physical activity is clearly more effective in obese individu-
als (BMI � 30 kg/m2) compared with those who are overweight (BMI
25–29.9 kg/m2).

Physical Activity and Other Medical Disorders

Gallbladder disease

Gallbladder disease varies widely among countries. An early study
of 26 countries showed a variation from 0% in Accra, Ghana to 37.1%
in Malmo, Sweden.388 Gallstones reportedly affect 10% to 15% of
American adults and result in an estimated 500,000 annual cholecyst-
ectomies at an estimated hospitalization cost in 1993 of US$5 bil-
lion.389 Although gallstones are twice as common in women than in
men, the significant geographical variation also suggests that differ-
ences in lifestyle may be important etiologic factors. Indeed, obesity
is a major risk factor for gallstones and these individuals are strongly
encouraged to lose weight.390 Several recent studies also suggest that
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physical inactivity may be an important independent risk factor for
gallbladder disease.

The association of anthropometric measurements, lifestyle factors
and various serum tests was investigated in a prospective study of
7831 Japanese American men in Hawaii.391 A progressively higher
risk of gallbladder disease was associated with increased BMI, height,
pack-years of cigarette smoking and diastolic blood pressure. After
controlling for the effect of these variables, the authors demonstrated
a significant inverse association between the presence of gallstones
and level of physical activity. More recently, the association between
physical activity and gallstones was investigated in 45,813 American
male health professionals (Health Professionals Follow-up Study)
aged 40 to 75 years.392 After controlling for multiple confounders
(i.e. age, body weight, dietary and alcohol intake, smoking habits
and medication use), their data showed an inverse relation between
physical activity and gallbladder disease. Men who watched televi-
sion more than 40 hours per week had a relative risk of gallstones of
3.32 compared with men who viewed television less than six hours
per week. The authors concluded that 34% of cases of symptomatic
gallstone disease could be prevented by 30 minutes of endurance-
type exercise training five times each week.

Leitzmann et al.393 sought to determine if physical activity may also be
an important risk factor for gallstones in women, both as an independent
factor and as a result of its role in controlling body weight. This prospec-
tive ten-year study involved 60,290 women aged 40 to 65 years in 1986
(Nurses’ Health Study). As with the male studies, recreational physical
activity was inversely related to the risk of cholecystectomy; the multi-
variate relative risk for women in the highest physical activity quintile
compared with the lowest was 0.69. In addition, sedentary women were
independently associated with an increased risk of cholecystectomy.

Gastrointestinal hemorrhage

Gastrointestinal hemorrhage (GIH) in persons aged 65 years and older
occurs approximately five times as often as in middle-aged adults.394
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Moreover, as the elderly population has increased, there has been a
proportional increase in the number of deaths due to GIH. Important
risk factors for GIH include age, gender, gastric ulcers, chronic liver
disease, neoplasms, coagulopathies and NSAIDS. In addition, after
adjustment for various confounding factors (i.e. comorbid conditions,
oral medications and various demographic characteristics), physical
disability has been shown to be an independent risk factor for GIH.368

To assess whether physical activity is associated with GIH, Pahor
and associates395 studied a cohort of 8205 persons aged 68 years and
older with a three-year follow-up. After adjusting for potential con-
founders (i.e. age, gender, BMI, blood pressure, chronic medical dis-
orders, medications and recent hospital admissions), the relative risks
for severe GIH associated with regular walking, gardening and vig-
orous physical activity were 0.6, 0.8 and 0.7 respectively, compared
with the less active control group.

Fibromyalgia

Widespread musculoskeletal pain is a common disorder and report-
edly affects 11% to 13% of adults in the UK.396,397 Fibromyalgia, a
severe form of musculoskeletal pain, affects about 1% of adults.398

People with fibromyalgia are generally treated with analgesics,
NSAIDs and anti-depressants, all of which are relatively ineffective
and produce only temporary relief. However, several randomized con-
trolled studies have generally shown that exercise therapy is beneficial
in reducing pain and discomfort.399–401 In a recent study, Richards and
Scott402 showed that prescribed graded aerobic exercise, primarily
walking on treadmills and cycling on exercise bicycles, significantly
decreased the pain compared with relaxation exercise. The authors
concluded that graded aerobic exercise “is a simple, cheap, effective
and potential widely available treatment for fibromyalgia.”

Psychological disorders and physical activity

Several important areas of concern in the elderly include depression,
cognitive function and self-efficacy or self control. The financial and
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personal costs of these disorders can be considerable. Numerous pub-
lications suggest that psychological function is significantly improved
in most people, both young and old, who become physically active.

Depression

Depression is one of the most frequently studied mental health disor-
ders since it is a significant cause and consequence in older persons
of disability, presence of chronic diseases and increased mortality
risk. The prevalence of mood disorders in the US reportedly ranges
from 5% to 10% of older community dwellers to 18% of nursing
home residents.403,404 Moreover, research has long reported that
depression is also very common among physicians and that the phy-
sician suicide rate is higher than that of the general public. Although
anti-depressant medications are commonly prescribed for these indi-
viduals, a significant number do not respond. In addition, unwanted
side effects may impair a person’s quality of life and lead to reduced
compliance.

There is an extensive literature on the association between physical
activity and depression. A recent review of the subject405 concluded
that “sufficient evidence now exists for the effectiveness of exercise
in the treatment of clinical depression.” In addition, the author noted
that increased physical activity has a moderate reducing effect on
anxiety and improves physical self-perceptions, as well as self-
esteem in some cases. Although a few studies have not found a posi-
tive association between physical activity and depression,31,406 most
studies support a positive effect of physical activity in depressed per-
sons. The results of several of these will be reviewed here.

Relatively few studies on physical activity and well-being in children
and adolescents have been published. Recently, however, Steptoe and
Butler407 collected data from a cohort of adolescents, mean age
16.3 years (2223 boys; 2838 girls). They found that those actively
involved in sport and vigorous recreational activities were positively
associated with emotional well-being, independently of sex,
social class, health status and use of hospital services. Conversely,
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adolescents who regularly participated in non-vigorous activities were,
as a group, associated with “high psychological and somatic symp-
toms.” Two subsequent “Letters To The Editor” were strongly sup-
portive of the psychological benefits of exercise in young people (Lan-
cet 1996;348:477).

In an early controlled study, Martinsen et al.408 reported their find-
ings of a group of men and women aged 17 to 60 years who were
randomly allocated to either a training or control group. The training
group underwent a nine-week program consisting of one hour of
instructor-controlled systematic aerobic exercise at 50% to 70% maxi-
mum aerobic capacity three times per week. The control group
attended occupational therapy during the time the training group
exercised. The results showed that for those in the training group
with a small increase in maximum oxygen uptake (�15%), the anti-
depressive effect (assessed with the Beck Depression Inventory) was
similar to the control group. However, the anti-depressive effects for
those with a moderate (15–30%) or large (�30%) increase in maxi-
mum oxygen uptake were significantly greater than the control group.
Similarly, in the Alameda County Study,409 the risk of depression was
evaluated using three waves of data from subjects who were not
depressed at baseline. The final results showed that persons with a
low physical activity level at baseline were at a significantly greater
risk for depression at follow-up compared with subjects who were
highly active at baseline. Importantly, adjustments for physical health,
socioeconomic status, life events, social supports and other health
habits had little effect on the association.

McNeil and associates410 studied a group of moderately depressed
elderly subjects, mean age 72.5 years, who were randomly assigned
to one of three interventions: experimenter-accompanied exercise (i.e.
walking), a social contact control condition and a wait-list control.
Both exercise and social contact resulted in significant reductions in
both the total and psychological subscale of the Beck Depression
Inventory. However, unlike the control conditions, the exercise con-
dition resulted in decreased somatic symptoms. Thus, exercise had a
broader effect in reducing depressive symptoms compared with
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control conditions in the moderately depressed elderly. More recently,
others studied the effects of exercise training in older persons with
major depression.411 Here, men and women 50 years and older with a
major depressive disorder (MDD) were randomly assigned to a
program of aerobic exercise, anti-depressent medication (sertraline
hydrochloride), or combined exercise and medication. All individu-
als underwent comprehensive evaluations of depression (Hamilton
Rating Scale and Beck Depression Inventory) scores before and
after treatment. Secondary outcome measures included aerobic
capacity, life satisfaction, self-esteem, anxiety and dysfunctional
cognitions. After 16 weeks of treatment, the groups did not differ
statistically. The authors concluded that although anti-depressent
medication may facilitate a more rapid therapeutic response, exer-
cise was equally effective in reducing depression among patients with
MDD. In addition, two meta-analyses412,413 suggest that exercise may
be as effective as psychotherapy and more effective than other
behavioral interventions414 for treating depression. Furthermore, a
recent study415 involving both men and women (mean age 49) found
that simply walking on a treadmill for 30 minutes each day for ten
days resulted in “substantial improvement in mood in patients with
major depressive disorders ….”

Two large groups (800 in each) of independently living elderly people
aged 65 to 84 years (born in 1904–1913 and in 1914–1923) were
studied for physical activity and psychological well-being.416 The epi-
demiological results, according to log-linear and regression analysis,
showed an increased prevalence of depression in those who were sed-
entary. Conversely, meaningfulness of life and better subjective health
were significantly related to regular and intensive physical exercise,
especially among the younger cohort (i.e. aged 65 to 74 years). More
recently, these workers studied 32 subjects aged 71.5 � 1.2 years, in
a 20-week randomized controlled trial with a 26-month follow-up.417

These community-dwelling patients had a major or minor depres-
sion or dysthymia. The exercisers engaged in ten weeks of super-
vised weight-lifting exercise followed by ten weeks of
unsupervised exercise; the control group attended lectures for ten
weeks. Their results showed that patients randomized to exercise had
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a significantly reduced Beck Depression Inventory after both 20 weeks
and 26 months. Moreover, at 26 months of follow-up, 33% of the
exercisers were still regularly lifting weights compared with 0% of
the controls.

In addition to the positive effects of physical activity on psychologi-
cal well-being, it appears to enhance both mood and creativity. For
example, Steinberg et al.418 studied 63 participants who were assigned
to either an exercise (aerobic workout or aerobic dance) or a “neu-
tral” video watching condition. Mood was measured using an adjec-
tive list and creative thinking was evaluated by three measures of the
Torrance test. Their results showed that both mood and creativity
were improved by physical exercise; moreover, these two effects were
independent of each other.

As a final note, it is well documented that alcoholic addiction is
often associated with high levels of depression and anxiety. In an
early study, Palmer and associates419 examined the usefulness of physi-
cal exercise as a treatment intervention to decrease anxiety and
depression in chronic alcoholics. Their findings, following a 28-day
in-patient exercise treatment program, indicated that regular physi-
cal exercise (walking or jogging three days per week consistent with
the 1980 American College of Sports Medicine guidelines) resulted
in significantly less state anxiety, trait anxiety and depression com-
pared with the non-exercising control group. However, there were no
changes in self-concept or aerobic capacity.

Cognitive function

Numerous studies have documented a positive effect of aerobic fit-
ness on various markers of cognitive function (e.g. attention, memory,
reaction time, and fluid and crystallized intelligence). The underly-
ing presumption about this relationship is that the age-related
decrease in cardiovascular function leads to decreased cerebral blood
flow resulting in brain hypoxia. If true, aerobic exercise may slow or
retard the decline in cognition. Indeed, as recently reviewed,31 early
studies consistently found better performance by physically active
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individuals on simple and choice reaction times, short-term recall,
reasoning, fluid intelligence and memory. In this regard, Rogers and
associates420 studied a group of older volunteers approaching retire-
ment. This four-year longitudinal prospective study examined the
effects of various levels of physical activity on cerebral perfusion
and cognition. The participants were assigned to one of three groups:
(1) those who continued to work; (2) those who retired but partici-
pated in regular, planned physical activities; and (3) those who
retired but did not become involved in any type of regular physical
activity. After four years of follow-up, the retirees who remained
physically inactive exhibited significant declines in cerebral blood
flow throughout the study period. However, those who continued to
work, as well as the retirees who elected regular involvement in physi-
cal activities, sustained more constant cerebral blood flow. More-
over, these latter two groups scored better on cognitive testing after
the fourth year compared to the sedentary group.

More recently, in a randomized controlled six-month trial, a cohort
of elderly Japanese men and women, mean age 79 years (range 75–
87 years), were randomly assigned to one of two groups, exercise
or control.421 The physically active group exercised for 60 minutes,
two days each week for six months. The control group received no
instructions regarding exercise. At baseline and at six-month fol-
low-up, the subjects were evaluated using six different
neurobehavioral function measurements (i.e. Mini-Mental State
Exam, Hasegawa Dementia Scale Revised, Visuospatial Cognitive
Performance Test, Button score, Up & Go test and Functional
Reach). The results demonstrated that the exercise group showed
significant interactions between group and time difference in the
Up & Go test and Functional Reach but showed no significant
interactions in the other measurements.

Dementia, a common and very costly age-related disorder, is prima-
rily due to Alzheimer’s and cerebrovascular diseases. Since little
attention has been paid to possible modifiable lifestyle habits for its
prevention, Laurin and associates422 recently studied the association
between physical activity and the risk of both cognitive impairment
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and dementia in a large group of randomly selected men and women
aged 65 years and older (Canadian Study of Health and Aging).
After five years follow-up, their findings showed that compared with
no exercise, physical activity was associated with significantly lower
risks of cognitive impairment, Alzheimer’s disease and dementia of
any type. More specifically, the odds ratios for high levels of physi-
cal activity were 0.58, 0.50 and 0.63 for cognitive impairment,
Alzheimer’s disease and dementia of any type, respectively.

Kramer et al.423 recently re-emphasized that neural areas and cogni-
tive processes do not deteriorate uniformly during the aging process.
That is, executive control processes (i.e. planning, scheduling, inhi-
bition and working memory), and the prefrontal and frontal brain
regions that support them, show large and disproportionate changes
with age. To further understand this association, they further investi-
gated the relationship between aerobic fitness and executive control
processes. Over a six-month period, they studied a group of 124 pre-
viously sedentary adults aged 60 to 75 years. The participants were
randomly assigned to either aerobic (walking) or anaerobic (stretch-
ing and toning) exercise. From their results, they concluded that the
aerobic-trained group showed “substantial improvements in perfor-
mance on tasks requiring executive control compared with the anaero-
bically trained subjects.” They further suggested that the selective
nature of executive control improvements, which are supported by
the frontal and prefrontal brain regions, might explain the ambiguity
of previous studies424 relating to aerobic fitness with improved
neurocognitive function.

In a distinctly different area of study, Grealy and coworkers425

assessed the impact of exercise and virtual reality on the cognitive
rehabilitation of persons with traumatic brain injury. Here, a con-
secutive sample of 13 traumatic brain-injured adults were compared
with a control group (n 	 25) of similar age, and who had previous
traumatic brain injury. The measurements consisted of tests of atten-
tion, information gathering, learning and memory. After four weeks
of exercise intervention, these patients performed significantly bet-
ter than the control group on digit symbol, verbal and visual learning
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tasks. The exercise group also showed greater improvement than the
controls in reaction and movement times following a single bout of
exercise in a virtual environment.

Although most human studies support a positive correlation between
physical activity and cognition, clearly some do not. For example,
Dustman et al.424 reviewed 12 longitudinal studies in which physical
fitness improvements ranged from 8% to 47%, suggesting that there
were modest or mixed improvements in neuropyschological func-
tion. It is apparent, therefore, that more carefully controlled trials are
needed that include larger sample sizes, more critical fitness assess-
ment and improved study design to more fully understand the pos-
sible relationship between cognition and physical activity. However,
on a more basic note, experiments using adult animals have shown
that both metabolic426 and neurochemical427 (i.e. increased levels of
brain-derived neurotrophic factor; BDNF) functions improve with
aerobic fitness. Oliff and others428 also reported that voluntary run-
ning in rats upregulates BDNF mRNA expression in the hippocam-
pus. Moreover, there was a strong positive correlation between the
distance run and BDNF mRNA expression. On the basis of their
studies, the authors suggested that BDNF upregulation induced by
exercise may increase the brain’s resistance to damage and
neurodegeneration that occurs with aging. Similarly, voluntary exer-
cise has been shown to increase cell proliferation and neurogenesis
in the adult mouse dentate gyrus, an important brain structure for
memory function.429 Running also enhanced learning and long-term
potentiation in mice.430

Basic studies support a role for exercise in improving cognitive func-
tions in humans.431 Recognizing that the human brain gradually loses
tissue beginning in the third decade of life, Colcombe et al.432 stud-
ied the high resolution magnetic resonance imaging scans from
55 older persons. As with prior studies, they found a significant
decline in tissue densities as a function of age. However, these losses
were substantially reduced as a function of cardiovascular fitness,
even after controlling for other variables. The authors concluded that
these findings “extend the scope of beneficial effects of aerobic
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exercise beyond cardiovascular health, and they suggest a strong solid
biological basis for the benefits of exercise on the brain health of
older adults.”

Sleep quality

Complaints regarding sleep quality is a well-recognized common
problem in middle-aged and older adults. Although the elderly (i.e.
aged 65 years or older) currently constitute only 12% to 13% of the
American population, they reportedly receive 35% to 40% of the
prescribed sedatives-hypnotics, most of which are for long-term use.433

In an early vigorously controlled study to test the effect of exercise
on sleep in a group of older volunteers without sleep complaints,
Vitiello et al.434 found that aerobic exercise had a positive effect on
polysomnographically defined sleep. However, an attention-control
stretching intervention had no effect. In a subsequent study,431 the
effects of moderate intensity exercise training (four 30- to 40-minute
sessions of low-impact aerobics and brisk walking) on self-reported
sleep quality among healthy sedentary adults aged 50 to 76 years
who reported moderate sleep complaints was carried out. The par-
ticipants were randomized to 16 weeks of community-based exercise
or to a waitlisted control condition. Their results showed that, com-
pared with the controls, the exercise training group showed signifi-
cant improvement in the Pittsburgh Subjective Sleep Quality Index
(PSQI) global sleep score at 16 weeks, as well as in the sleep param-
eters of rated sleep quality, sleep-onset latency and sleep duration.
Similarly, Singh and coinvestigators435 tested the hypothesis that
exercise improves subjective sleep quality and activity in depressed
persons aged 60 years and older. This randomized controlled trial
covered a ten-week period and consisted of 32 subjects aged 60 to
84 years with major or minor depression or dysthymia. The interven-
tions consisted of a group who participated in a supervised weight-
training program three times per week or an attention-control group.
There were seven major outcome measurements (e.g. PSQI and six
others). The results showed that exercise significantly improved all
subjective sleep quality and depression measures. The depression
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measures were reduced by about twice that of the controls. In addi-
tion, quality of life scales were also significantly improved.

Although most people would probably not be surprised that exercise
(e.g. recreational and physical labor) greatly improves sleep quality,
Buchner436 pointed to two examples that illustrate how little is appar-
ently known about exercise and sleep quality in the elderly. He noted
that a major geriatrics textbook did not list exercise as a non-
pharmacologic approach to insomnia nor did the 1996 surgeon
general’s report on physical activity list or discuss improved sleep as
a possible health benefit of physical activity. Unfortunately, sleep
complaints are probably too often treated with sedatives or hypnotics
with their well-recognized side effects.

Physical Activity for the Very Old and Frail

Physical frailty and fall-related injuries are major threats to quality
of life and functioning, especially in the very old (i.e. aged 80 years
or older). Physical frailty, which includes impaired strength, mobil-
ity, balance and endurance, results in many serious problems in
everyday living. Thus, the impact that the future aging population
will have on the health care system and society in general will be
related in large part to the level of functioning, loss of independence
and need for long-term care for the longest-living people. In 1985,
about 45% of elderly nursing home residents were 85 years and
older.437 The number has undoubtedly increased significantly since
then, both in those over 85 years old and the total number of older
residents. As a result, estimated costs of nursing home care could
rise to between US$84 and $139 billion a year, in 1985 dollars, of
which Medicaid reimburses about 40% of this amount.437

Many of the very elderly could be more independent and care for
themselves for a much longer time period if they were in better physi-
cal and mental health. Importantly, numerous studies have shown
that aging per se is not a deterrent to increasing the level of physical
activity of older people. Moreover, it would markedly reduce the
nursing home and other health care costs. Indeed, over the past ten to
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15 years, abundant evidence dispels myths of futility and provides
reassurance of the safety and benefits of exercise in the oldest old.

Muscle weakness, which is prevalent and morbid in the very old, is
closely linked to frailty, functional decline, immobility, falls and in-
juries. The decrease in muscle mass and strength associated with aging
is multifactorial and has been attributed to (1) biological age-related
changes; (2) the presence of acute and chronic diseases; (3) a seden-
tary lifestyle; and (4) various nutritional deficiences.438 With adequate
counseling and education, the latter two can significantly retard or
even prevent the loss of muscle mass, its accompanying physical
weakness and the subsequent related problems.

Surveys in the US have shown that after 74 years of age, 28% of men
and 66% of women are unable to lift objects weighing over 4.5 kg
(about ten pounds).439 Certainly, much of this decline in strength is
due to a significant reduction in muscle mass. To evaluate this effect
further, Frontera and associates440 studied a group of healthy, untrained
volunteers, aged 60 to 72 years, over a 12-week strength-training
period (eight repetitions per set; three sets per day; three days per
week) at 80% of the one repetition maximum for extensors and flex-
ors of both knee joints. Each person was evaluated at baseline, and
after six and 12 weeks of training. After 12 weeks, extensor and flexor
strength had increased 107.4% and 226.7%, respectively. In addi-
tion, midthigh composition, determined from computerized tomo-
graphic scans, showed significant increases in total thigh area (4.8%),
total muscle area (11.4%) and quadriceps area (9.3%). Moreover,
muscle biopsies of the vastus lateralis showed increases in both type
I and type II fiber areas (33.5% and 27.6%, respectively).

Fiatarone et al.441 conducted a randomized placebo-controlled study
comparing progressive resistance exercise training, multinutrient
supplementation, both interventions and neither in 100 frail men and
women, mean age 87.1 years, over a ten-week period. Compared with
the non-exercising groups, the exercisers showed the following:
(1) 113% increased muscle strength (non-exercisers 3%); (2) increased
gait velocity by 11.8% (non-exercisers decreased 1%); and (3) increased
stair-climbing power by 28% (non-exercisers 3.6%). They also found
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that the level of spontaneous activity increased significantly in the ex-
ercising groups. Nutritional supplementation had no additional effects.
These authors also studied a group of frail institutionalized very old,
ambulatory but not acutely ill men aged 90 � 1 years who underwent
an eight-week program of high-intensity resistance training.442 At
baseline, quadriceps strength was negatively correlated with walking
time. Both fat-free and regional muscle masses correlated directly with
muscle strength. Those who completed the program experienced a 174%
average gain in strength. In addition, the midthigh muscle area increased
an average of 9.0% and the mean tandem gait speed improved 48%.

More recently, Gill and associates443 randomly assigned 188 physi-
cally frail persons 75 years and older who lived at home to undergo a
six-month home-based physical therapy intervention program. The
program focused either on improving impairment of balance, muscle
strength, ability to move from one position to another and mobility
or an educational program (i.e. the control group). Compared with
the control group, the intervention group had significantly less func-
tional decline after both seven and 12 months. Although the benefit
of intervention was significant among those with moderate frailty, it
was not effective in those with severe frailty. Thus, except for indi-
viduals with severe frailty, a home-based exercise program can result
in a significant reduction in the progression of functional decline
among most physically frail persons.

These and other reports clearly indicate that exercise training in the
very old and even frail elderly, that increases strength and mobility is
more dependent on the intensity of the physical activity than age,
health status or nutritional deficiencies. Thus, a meaningful exercise
program for the very old, as with middle-aged and young adults, will
result in improvements in gait, velocity, balance, stair-climbing power,
aerobic capacity, disability, morale and depressive symptoms.

Physical Activity and the Immune System

In about 300 BC, Aristotle reportedly stated that “A man falls into ill
health as a result of not caring for exercise.”444 Scientific studies on
the association between physical activity and immunity have been
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reported since early in the 20th century. In a 1984 literature review,
Simon445 attempted to answer part of the “athlete’s lore” that physical
conditioning increases the resistance to infection. He concluded, how-
ever, that “further studies will be needed before it can be concluded
that exercise affects the host response to infection in any clinically
meaningful way.” Since then, studies on this topic have markedly
intensified. Although there have been about 400 published reports
on the effects of exercise on the immune system since 1990,446

significant confusion and controversy still exist. These conflicting
results are primarily related to exercise intensity and duration, as well
as the mode of exercise. Indeed, these contradictory studies have led
to the “inverted J theory,” which suggests that moderate regular
exercise improves immune function and thereby decreases disease
susceptibility (Fig. 3.1).447

However, as the intensity and duration of exercise increases, the sus-
ceptibility to disease increases while the immune functions decrease.

Intense exercise and immunity

A wide variety of studies indicate that strenuous, prolonged exercise
impairs upper airway antimicrobial defenses and makes elite athletes
more susceptible to upper respiratory tract infections (URTI). That

Figure 3.1: “Inverted J theory.” Effect of exercise intensity on upper respiratory
tract infections.
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is, marathon runners or others engaged in comparable intense pro-
longed training are at increased risk of URTI. The following reports
are representative examples of this phenomenon.

Peters and Bateman448 prospectively studied the incidence of URTI
in 150 randomly selected runners who ran the 1982 Cape Town, South
Africa Marathon and compared the findings with the incidence in
individually matched controls who did not participate in the race.
Pertinent information including training background, running expe-
rience and state of health was obtained from both groups before the
race and two weeks after the race. The results showed that respira-
tory tract symptoms occurred in 33.3% of the marathoners compared
with 15.3% of controls and were more frequent in the marathoners
who ran a faster race compared with the slower runners. Moreover,
the incidence of upper respiratory symptoms in slow runners did not
differ from the controls. In a later study, Peters349 not only confirmed
these findings, but also found that altitude did not further increase
the susceptibility of ultramarathoners to post-race URTI.

In what is the largest epidemiological report on the effects of intense
exercise and URTI, Nieman and coworkers450 studied the incidence of
URTI in 2311 competing runners in the 1987 Los Angeles Marathon
race and compared the findings with a control group of less intense
runners who did not compete in the race. The authors collected demo-
graphic, training and URTI episodes and symptom data for the two-
month period before the race. During the pre-race training period, 40%
of the marathon runners had at least one URTI episode. In addition,
during the two-week period following the race, 12.9% of the
marathoners reported an URTI compared with 2.2% of the control
group. The authors concluded that runners training �96 km/week
(~60 miles/week) had twice the risk for sickness compared with those
running �32 km/week (~20 miles/week).

Linde451 compared the incidence of URTI in a group of 44 elite
orienteers (i.e. participants in Scandinavian mountain races who use
maps and compass to reach the finish line) with 44 non-athletes of
comparable age, sex and occupational distribution. Using daily
personal logs, both groups recorded all illness symptoms during a
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one-year period. The data showed that the orienteers experienced sig-
nificantly more URTI episodes during the year than the control group.
While only 10% of the athletes reported no URTI episodes, about 33%
of the controls reported no URTI problems. Moreover, the average
duration of symptoms in the control group was 6.4 days compared
with 7.9 days in the orienteers. In another report,452 a cohort of 530
male and female runners [average age about 40 years; average running
32 km/week (~nine miles/week)] recorded any daily upper respiratory
symptoms for one year. On average, each person experienced 1.2 URTI
per year. However, after controlling for various confounders, the odds
ratio for URTI was more than twice as high for those running �27 km/
week (~17 miles/week) compared with those running �16 km/week
(~ten miles/week).

Various intervention studies have been based on the theory that pro-
longed intense exercise results in an increased production of oxygen-
derived free radicals which may negatively affect the immune
system. In this regard, it is widely accepted that ascorbate (vitamin
C) is the predominant water-soluble antioxidant in blood and inter-
stitial fluids and that one of its major targets in promoting immuno-
competence is phagocytes and primarily the neutrophil.453 With this
in mind, Peters et al.454 studied the effect of daily vitamin C supple-
mentation (600 mg) on the incidence of URTI in marathon runners
following a competitive ultramarathon race (i.e. �42 km; �26 miles).
Here, age-matched ultramarathon runners were randomly separated
into vitamin C-supplemented and placebo groups. Symptoms of URTI
were monitored for two weeks after the race. The findings showed
that 68% of the placebo-supplemented group developed upper
respiratory tract symptoms compared with 33% of the ascorbate-
supplemented group. In addition, the duration and severity of symp-
toms was significantly less in those supplemented with vitamin C.
The results of this and other studies led to the hypothesis that exer-
cise-induced stimulation of the neutrophil oxidative burst increases
the rate of release of reactive oxygen species which are then neutral-
ized by increased plasma ascorbate levels.455

Vitamin E, a well-established potent lipid-soluble antioxidant, has
also been studied with respect to its possible effects on exercise and
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the immune system. For example, Cannon et al.456 reported their re-
sults of vitamin E supplementation on post-exercise neutrophilia and
the acute phase response in a group of young (22–29 years) and older
(55–74 years) men after a running exercise of 45 minutes. Although
vitamin E was not effective in the prevention of post-exercise neutro-
philia in the younger group, it suppressed the effect in the older group.
Decreased concentrations of various other essential nutrients, such
as trace metals, have been reported in blood and tissues after intense
training and competition. Konig et al.457 recently reported a literature
review of the association of zinc, iron and magnesium on the regula-
tion of exercise-induced stress and immune function and concluded
that “there is evidence they are related to exercise-induced stress and
immune function.”

The exact mechanisms of decreased immune functions following
prolonged intense physical activity is complex. The major changes
that take place during and following intense, prolonged exercise are as
follows: (1) increased neutrophil concentration both during exercise
and in the post-exercise period; (2) increased lymphocyte concentra-
tion (i.e. lymphocyte sub-populations including CD4� T-cells, CD8�
T-cells, CD19� B-cells and CD16� natural killer cells); and (3) sup-
pressed functions of natural killer (NK) cells and B-cells. Several lit-
erature reviews of immune function losses associated with prolonged
intense exercise have been published.458–461

Moderate intensity exercise and immunity

Although intense exercise, such as running a marathon or cross-
country skiing, significantly depresses the immune system and may
lead to an increased incidence of URTI, moderate exercise training
appears to be associated with a reduction in URTI (Fig. 3.1).
Although the number of studies comparing moderate intensity
exercise and immunity are few, and no large retrospective or pro-
spective studies comparable to those reported in the preceding
section have been reported, there is some epidemiologic and
experimental evidence that support the view that moderate exercise
is protective against URTI.462
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Nieman et al.463 carried out a randomized controlled 15-week exer-
cise study (i.e. five 45-minute weekly sessions of brisk walking at
60% heart rate reserve) in a group of mildly obese sedentary women
to investigate the relationship between cardiorespiratory fitness,
changes in NK cell number and activity and URTI. Although the
number of NK cells did not increase, there was a significant
increase in NK cell activity, especially during the initial six-week
period. In addition, the exercise group had significantly fewer
upper respiratory symptom days than the non-exercise group
(3.6 versus 7.0 days, respectively). Moreover, cardiovascular
improvement also correlated with a reduction in respiratory tract
symptoms. More recently, Mathews and associates464 carried out an
observational exercise study of 547 healthy men (51%) and women
(49%) aged 20 to 70 years. The number of URTI was determined at
90-day intervals over a 12-month period. Their results showed that
men and women engaged in moderate physical activity reduced their
risk of URTI by 20% to 30%, thereby adding further support for
the inverted J theory.

Aging, exercise and immunity

The aging process is associated with a decline in immune function
leading to an increased risk of infections, occurrence of auto-antibod-
ies and various lymphoproliferative disorders (i.e. multiple myeloma,
non-Hodgkin’s lymphoma and chronic lymphocytic leukemia).
Although some immune functions decline with age, others (e.g. NK
cells) retain or even increase their activity.465 T-cells, which have a cen-
tral role in cell-mediated immunity, show the largest age-related changes
in both distribution and function. However, some of the age-related
decline is probably not due to aging per se but rather to a sedentary
lifestyle, as well as to various nutritional deficiencies as discussed in
Chapter 4.

In a cross-sectional study, Shinkai et al.466 examined resting
immune functions in an elderly group of male runners (mean age
63.8 � 3.3 years) and compared the results with an age-matched
sedentary group (mean age 65.8 � 3.5 years). They found that the
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elderly runners with an aerobic power 33% greater than the control
group retained superior T-cell function (lymphocyte
response to both phytohem-agglutinin and pokeweed mitogen), as
well as increased cytokine production of interleukin-2, interleukin-4
and interferon-gamma. However, there were no differences in circu-
lating lymphocyte subset counts, NK cell activity, lymphocyte re-
sponsiveness to allogenic antigens, or interleukin-1 beta. Two later
reports,467,468 however, suggested that habitual physical activity by
elderly people may enhance NK cell activity, thereby retaining some
aspects of the age-associated decline in T-cell function. Similarly,
Nieman and associates469 studied a group of physically active elderly
women aged 65 to 84 years with a 67% greater aerobic power than an
age-matched sedentary control group. The physically fit group dem-
onstrated a 56% greater lymphocyte response to phytohemaggluti-
nin and a 54% greater NK cell activity than the sedentary group.
Moreover, the active women experienced a “cold” incidence during
the study period of 21% compared with 50% for the controls. How-
ever, the authors noted no differences in total leukocyte or lympho-
cyte subset counts, suggesting that the functional activities per cell
were greater in the physically fit group. Thus, endurance training
in later life is associated with a lesser age-related decline in
certain aspects of circulating T-cell functions related to cytokine
production.

A recent literature review470 of this topic noted that three general
approaches have been undertaken to study the effect of exercise train-
ing on the immune system in the elderly: (1) cross-sectional studies,
(2) longitudinal studies and (3) animal studies. The authors noted
that although both cross-sectional and animal studies have generally
supported the association between exercise and improved immune
function, prospective studies have been inconsistent. However, it was
noted that these studies usually involved small numbers of partici-
pants over a short time period. Moreover, two recent studies471,472 found
that increased physical activity was associated with lower blood
inflammation levels (i.e. reduced C-reactive protein), which may partly
explain the association between CHD and inflammation, as well as
an improved immune system.
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Life Expectancy of Elite Athletes

Although numerous studies, as discussed above, indicate that
individuals involved in intense, prolonged physical activity have an
increase in URTI, early studies suggested that elite athletes may have
an increased average life expectancy.473,474 Subsequent reports
indicated that moderate physical activity is also associated with
increased longevity,475,476 especially due to decreased CHD468 and
possibly cancer.

As noted earlier in this chapter, Sarna et al.54 studied the life expect-
ancy in 2613 Finnish world-class male athletes involved in track and
field, cross-country skiing, ice hockey, basketball, boxing, wrestling,
weight-lifting and shooting. The reference group consisted of 1712
men from the Finnish Defence Forces matched for age and area of
residence. The average life expectancies, adjusted for occupation,
marital status and age at entry to the cohort was as follows:
(1) endurance sports (long-distance runners and cross-country
skiers), 75.6 years; (2) team games (soccer, ice hockey, etc.),
73.9 years; and (3) power sports (boxing, weight-lifting, etc.), 69.9
years. The mortality odds ratio, compared with the referents, were
0.49 for endurance sports and 0.61 for team sports. The authors noted
that the decreased mortality was primarily due to decreased CHD
and cancer. Athletes involved in power sports, however, had the same
life expectancy as the reference cohort (i.e. 69.9 years). Thus, life
expectancy was highest for endurance athletes and next highest for
team athletes, both of which were significantly greater than the power
athletes and reference group.

Very recently, Kujala and associates478 reported their mortality find-
ings, due to several major diseases, in elite male athletes compared
with the general population. The following standardized mortality
ratios in highly trained athletes, compared with the general popula-
tion, were as follows: (1) all-cause mortality: endurance sports 0.57,
mixed sports 0.68 and power sports 0.90; (2) CHD: endurance sports
0.56, mixed sports 0.60 and power sports 0.95; (3) hypertension:
endurance sports 0.73, mixed sports 0.34 and power sports 2.63;
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(4) chronic lung diseases: endurance sports 0.00, mixed sports,
0.27 and power sports 0.58; and (5) lung cancer: endurance sports
0.14, mixed sports 0.37 and power sports 0.46. The investigators
suggested that differences in biological characteristics between
athletes involved in endurance and power sports may explain their
involvement in certain sports, as well as accounting for the differ-
ence in risk of developing CHD.

Oxidants, Antioxidants and Exercise

Although oxygen is critical for life, many essential intracellular
reactions in which it is required result in the formation of highly
reactive and potentially destructive chemical species known as free
radicals. A free radical is an atom, molecule or compound with one
or more unpaired electrons in its outer orbital(s). For stability, all
elements require two electrons in each orbital (spinning in opposite
directions). To satisfy this requirement, free radicals attack sites of
increased electron density. Hence, all compounds with a nitrogen
atom become a target since nitrogen has two unpaired electrons
(the 2 S electrons). Compounds with carbon-carbon double bonds
are also electron-rich. Thus, DNA, RNA, enzymes and other pro-
teins are free radical targets, as are polyunsaturated fatty acids and
phospholipids, of which bilipid cell membranes are composed (lipid
peroxidation). As a result, free radicals are very important in aging
and numerous diseases/disorders (e.g. coronary heart and cere-
brovascular diseases, cancer, immune deficiencies, ischemia/
reperfusion injury, cataracts, neurodegenerative disorders, etc.)214

A more detailed discussion of free radicals and oxidative stress is
presented in Chapter 4.

Strenuous physical activity dramatically increases oxygen con-
sumption and possible increased oxidative stress. There are
several mechanisms by which reactive oxygen species (ROS),
particularly the superoxide anion radical (O

2
�.), may be increased

as a result of exercise.479

(1) Electrons “leaked” from the mitochondrial electron transport chain
react with oxygen (O

2
� electron → O

2
�.).
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(2) Ischemia-reperfusion injury (xanthine � O
2
→ uric acid � O

2
�.).

(3) Auto-oxidation of catecholamines.

Superoxide, in the presence of superoxide dismutase (SOD), of which
two major metalloenzymes exist (mitochondrial Mn-SOD; cytoplas-
mic Cu-Zn-SOD), is converted to hydrogen peroxide (2 O

2
�. � 2 H� →

H
2
O

2
� O

2
). This may then lead to the production of the highly reac-

tive hydoxyl radical (HO.) by a transition metal ion (Fenton and Haber-
Weiss Reactions) such as Fe2� or Cu� (H

2
O

2
� Fe2� →

HO. � OH� � Fe3�). In addition to the hydroxyl radical, other ROS
include hydrogen peroxide, singlet oxygen and the superoxide anion.
There are also several important reactive nitrogen species [e.g. nitric
oxide, other oxides of nitrogen, the thiyl radical (RS.), etc.].

As clearly demonstrated in this chapter, exercise is extremely
important in health promotion and disease prevention. It delays
age-associated cell deterioration, the likelihood of obesity and improves
cardiac, respiratory and muscle functions. It also decreases the risk of
several malignancies. Yet, oxygen uptake and free radical production
increase during exercise. As a result, oxidative damage may occur in
various organs and tissues (e.g. muscle, liver, blood, etc.) depending
on a variety of variables including duration and intensity of exercise,
antioxidant supplementation and the body’s ability to adapt to increased
oxidative stress. How then does exercise protect against diseases/
disorders known to be related to oxidative stress?

Effects of exercise on antioxidant systems

Under physiologic conditions, there are generally adequate anti-
oxidant reserves to cope with the production of excess ROS. This
protective system can be divided into two categories; enzymatic
and non-enzymatic antioxidants.

Enzymatic antioxidants and exercise

The major enzyme antioxidants include catalase, glutathione per-
oxidase and two superoxide dismutases (Mn-SOD and Cu/Zn-SOd,
mitochondrial and cytoplasmic respectively). These enzymes are

XO

SOD
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supported by several auxiliary enzymes such as glutathione
reductase, glucose-6-phosphate dehydrogenase and glutathione
sulfur-transferase.

Numerous studies have shown that exercise stimulates an increased
production of various antioxidant enzymes. Several examples will
be cited. Cesquini et al.480 evaluated the levels of reduced glutathione
(GSH) and several antioxidant enzymes in the blood of non-
exercised and exercised rats (adapted to swimming endurance
training). They found that the concentration of GSH, an antioxidant
tripeptide required by glutathione peroxidase (GPx) to inactivate hy-
drogen peroxide, was about 30% higher in the exercised rats than in
the resting controls. In addition, GPx, glutathione reductase and SOD
activities were all significantly higher in the exercised rats compared
with the sedentary control group. Catalase, however, was similar in
the exercised and control animals. Furthermore, although lipid
peroxidation is well known to increase following exercise in inactive
individuals, there was no significant difference between the exer-
cised and control rats.

Others,481 using two age groups of rats (young, four weeks; middle-
aged, 14 months), studied the effects of long-term swimming train-
ing on the oxidative status of DNA, proteins and phospholipids. They
found that the concentration of thiobarbituric acid reactive substances
and 4-hydroxynonenal protein adducts, both of which are products
of lipid peroxidation, did not differ in the gastrocnemius muscle be-
tween exercised and non-exercised animals in the two age groups.
Moreover, the extent of protein carbonylation and the amount of 8-
hydroxy-deoxyguanosine in nuclear DNA (the product of hydroxyl
radical reacting with guanosine) were lower in the exercised animals
than in the sedentary rats. Furthermore, the activities of DT-diapho-
rase, a major proteolytic enzyme for oxidatively modified proteins,
and proteasome, a large cytosomal protein complex responsible for
degrading proteins, were significantly higher in the exercised rats in
both age groups compared with the sedentary animals. The authors
concluded that moderate endurance exercise stimulates an adaptive
response against oxidative stress.
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Selman and associates482 investigated whether long-term cold
exposure, which increases the metabolic rate and ROS produc-
tion similar to exercise, increases the activities of catalase, GPx
and SOD in liver, heart, skeletal muscle, kidney and duodenum of
short-tailed field voles born and maintained at either 8 � 3
C or
22 � 3
C. Their findings showed that, compared with the animals
maintained at 22 � 3
C, catalase activity increased significantly
in those maintained at 8 � 3
C in skeletal muscle and kidney while
both catalase and GPx activities were significantly increased in
the heart. Total SOD activity, however, did not differ between the
two groups in any tissue. Several additional recent studies also
showed that exercise increases the anti-oxidative capacity in labo-
ratory animals.483–485 Similar reports from recent human studies
have also been published,486–489 along with two literature reviews
of the relationship between exercise, aging and oxidative
stress.490,491

Regular exercise stimulates the release of catecholamines which
results in increased oxidative stress; however, it is protective from
acute cardiac events. Noting this, Mehta and Li492 examined the
effect of epinephrine on the free radical release and endogenous
SOD gene and protein expression in human coronary artery
endothelial cells (HCAECs). HCAECs were incubated with epi-
nephrine, alone or with trolox (water-soluble analog of vitamin
E), the lipid-soluble vitamin E, or a beta

1
-adrenergic blocker

(atenolol). After one and 24 hours incubation with epinephrine,
superoxide generation increased by 102% and 81% in the
HCAECs. There was also a significant increase in both MnSOD
and Cu/ZnSOD mRNA and protein. Furthermore, both MnSOD
and Cu/ZnSOD activities were increased. However, pretreatment
of HCAECs with trolox and vitamin E decreased superoxide gen-
eration and blocked the upregulation of SOD mRNA and protein.
Treatment of the cells with atenolol also blocked SOD upregulaton.
The authors concluded that epinephrine, via beta

1
-adrenoceptor

activation, causes the generation of superoxide which then
upregulates SOD. They suggested that these findings may explain
the long-term benefits of exercise.
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Non-enzymatic antioxidants and exercise

The non-enzymatic antioxidants include vitamins C and E, beta-
carotene and other carotenoids (e.g. lycopene, lutein, etc.), thiols
(mainly reduced GSH), flavonoids (e.g. quercetin, rutin, etc.) and a
variety of low molecular weight compounds such as uric acid, biliru-
bin, ubiquinone and lipoic acid. An important feature of most of these
antioxidants is that their cellular concentrations are heavily depen-
dent on various nutritional factors.

Although reports on the effects of antioxidant supplementation and
physical performance have been mixed, there is considerable
evidence that antioxidants may prevent some exercise-induced
damage, at least over the long term. As noted by Packer,479 several
studies have given little support that antioxidant supplementation
improves athletic performance. However, there is considerable evi-
dence that antioxidants reduce oxidative damage to skeletal muscle
and other tissues caused by vigorous exercise and increase endur-
ance. Several examples demonstrating these latter positive effects
will be briefly reviewed.

In an early study, Sumida et al.493 found that individuals who ingested
300 mg alpha-tocopherol daily for four weeks exhibited a lower ex-
ercise-induced increase in lipid peroxidation after supplementation
compared with vitamin E pretreatment. In addition, vitamin E supple-
mentation decreased enzyme leakage (i.e. beta-glucuronidase and
mitochondrial glutamic-oxaloacetic transaminase), possibly by de-
creasing exercise-induced oxidative damage of the mitochondrial
membranes. Others494 reported that mountain climbers, supplemented
with vitamin E, did not exhibit the deterioration in physical perfor-
mance observed in non-supplemented climbers. Moreover, the vita-
min E-supplemented climbers had decreased breath pentane levels
compared with non-supplemented climbers. Similarly, Novelli et al.495

studied the effect of trapping free radicals on endurance to swim-
ming in mice. Following intraperitoneal injection of each of three
free radical spin-trappers, each mouse was submitted to a swimming
test to control resistance to exhaustion (1) without any treatment,
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(2) after administration of each spin-trapper in a random order and
(3) after saline. Control experiments were performed with both
saline and vitamin E supplementation. Their results showed that
endurance was greatly prolonged by pretreatment with all three spin-
trappers and with vitamin E. The authors concluded that since saline
alone did not enhance time to exhaustion, increased endurance was
not due to the effect of training. Rather, the increased time to exhaus-
tion was due to free radical scavenger supplementation (i.e. vitamin
E and spin-trappers).

Hartmann and associates496 studied DNA damage in human
peripheral leukocytes after a single bout of exhaustive exercise
(treadmill run to exhaustion) and the effect of vitamin E supple-
mentation. Blood leukocytes were examined for DNA strand break-
age before and 24 hours after exercise. Their results showed a
signif icant increase in DNA strand breakage after 24 hours
compared with the pre-exercise sample. However, in subjects
supplemented with vitamin E for 14 days prior to a run (1200 mg/
day), exercise-induced DNA damage was significantly reduced.
More specifically, vitamin E supplementation completely pre-
vented exercise-induced DNA damage in four of five subjects.
Reznick and coworkers497 also demonstrated that vitamin E supple-
mentation markedly decreased oxidative damage to gastrocnemius
muscle protein of exercised rats. Thus, following intense exercise
in rats fed a normal diet, the muscle protein carbonyl content
increased by 17.23% compared to an increase of 5.78% to 8.27%
in vitamin E-supplemented rats. Other antioxidants have also been
shown to be effective in reducing the effects of exercise-induced
oxidative stress.498,499

In summary, numerous studies clearly show that exercise stimu-
lates the upregulation of various antioxidant enzymes and thereby
decreases the potential negative effects of exercise-induced ROS.
Furthermore, although antioxidant supplementation may not
increase performance, it clearly improves endurance and decreases
or even prevents the negative effects of exercise-induced oxidative
stress.
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Chapter Summary

A sedentary lifestyle is clearly a very important risk factor for numer-
ous diseases and disorders such as cancer, coronary and cerebrovascu-
lar diseases, hypertension, type 2 diabetes, osteoporosis, decreased
immunity, falls/fractures and various psychological disorders, among

others (Table 3.1). It is also associated with increased all-cause mortal-
ity and appears to accelerate the aging process. Therefore, people of all
ages should be strongly encouraged to increase their level of physical
activity. Importantly, the majority of health benefits from physical ac-
tivity can be achieved by briskly walking for two miles (3.2 km) most
days of the week (CDC and Prevention and the American College of
Sports Medicine).202 As the report noted, however, “people who already
meet the recommendation are also likely to derive some additional health
and fitness benefits from becoming more physically active.”
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4
Nutrition: Its Role in Aging,
Health and Disease

Introduction

Numerous clinical and epidemiological studies have repeatedly con-
firmed the close relationship between health and nutrition. Indeed,
malnutrition is well recognized as an enormous problem in many
disadvantaged countries. Although significantly less of a problem
in the industrialized nations, poor nutrition is still common and a
major risk factor for numerous diseases/disorders. Poor nutrition
not only includes excess caloric intake with its numerous health-
related disorders (Chapter 2), but an inadequate intake of protein,
fiber, various micronutrients (i.e. vitamins and minerals), n-3 fatty
acids and excess saturated fat. Thus, inadequate nutrition includes
(1) undernutrition due to insufficient caloric intake; (2) overnutri-
tion due to excessive caloric intake; (3) deficiencies of protein and
various micronutrients; and (4) dietary imbalance due to dispro-
portionate food intake.1 The major nutrition-associated diseases/
disorders are listed in Table 4.1.

Dietary Guidelines

Although the elderly are the largest population segment in Western
societies at risk for protein calorie malnutrition, poor nutrition
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characterized by excessive caloric and fat intake and vitamin/
mineral deficiencies are common not only in the elderly but in young
adults, adolescents and children (Chapter 2). In general, a nutritious
diet is best recognized and defined by the widely distributed Food
Guide Pyramid (Fig. 4.1).2 This guide calls for eating a variety of
foods to supply critical nutrients, as well as the appropriate number
of calories to maintain a healthy weight. The daily recommended
adult servings are as follows: (1) bread, cereal, rice and pasta group,
six to 11 servings; (2) fruit group, two to four servings; (3) vegetable
group, three to five servings; (4) meat, poultry, fish, dry beans, eggs
and nuts group, two to three servings; (5) milk, yogurt and cheese
group, two to three servings; and (6) fats, oils and sweets group should
be used sparingly.

Table 4.1: Nutrition-Associated Diseases and Clinical Disorders

      Nutritional Problem                     Diseases/Disorders

Caloric (energy) deficit Marasmus, increased morbidity/mortality,
others

Protein deficit Decreased immune function (lymphopenia,
anergy), increased mortality, dementia,
others

Excessive caloric intake Obesity, type 2 diabetes, various cancers,
hypertension, accelerated aging, coronary
heart disease, cerebrovascular disease,
depression

Deficient folic acid, Anemia, dementia, coronary heart disease,
vitamins B

6
, B

12
peripheral vascular disease, neural tube
defects

Deficient vitamins A, C, D, Various cancers, coronary heart disease,
E, carotenoids, flavonoids cerebrovascular disease, decreased

immune functions, cataracts, macular
degeneration, neurodegenerative
disorders, osteoporosis, others

Deficient trace metals Decreased immune function, various
(Zn, Mg, Se, Ca, Cu, etc.) cancers, coronary heart/cerebrovascular

diseases, osteoporosis
Low fiber intake Colon cancer, diverticulitis, constipation
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A serving size for each group is listed in Table 4.2. The specific
number of servings beyond the indicated minimum varies, however,
for each person depending on their body characteristics, metabolic
rate and level of physical activity. Unfortunately, as Truswell recently
reported,3 these guides show food groups (e.g. meats, cereals, etc.)
but do not emphasize the low-fat foods within the groups. For
example, if someone eats six to 11 servings of bread or cereal, that
person may well consume as much energy from fat as margarine or
butter placed on the bread as from carbohydrate. Furthermore, these
guides do not make it clear that predominately unsaturated fats (oils)
should replace those rich in saturated fats.

Russell and associates4 developed a narrower food pyramid for those
aged 70 years and older (Fig. 4.2). Since the elderly are frequently
dehydrated, their pyramid base consists of eight or more glasses of
water each day. Although older people require the same nutrients as
younger adults, they generally do not need as many calories. As a
result, recommended servings are indicated with added servings (des-
ignated �) depending on the individual’s needs [lifestyle (i.e. activity

Figure 4.1: The Food Guide Pyramid.2

Fats
Oils

Sweets
(Use sparingly)

Milk
Yogurt
Cheese

(2–3 Servings)

Meat
Poultry
Fish, Eggs
Dry beans, Nuts
(2–3 Servings)

Vegetables
(3–5 Servings)

Bread, Rice, Cereal, Pasta (6–11 Servings)

Fruits
(2–4 Servings)
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level), body composition (height, etc.)]. This modified pyramid indi-
cates � 6 servings of bread, cereal, rice and pasta; � two servings of
fruit; � three servings of vegetables; � two servings of meat, poultry,
fish, dry beans, eggs and nuts; three servings of milk (low fat), cheese
and yogurt. As with the standard food pyramid, fats, oils and sweets
should be used sparingly. The flag is added at the pyramid peak as
a reminder that many older people need vitamin and mineral
supplements (e.g. calcium, vitamins D and B

12
, and others) since aging

metabolic changes may impede the absorption of some micronutrients
from foods. In addition, small symbols (i.e. dots, triangles and an f +)

Table 4.2: Examples: Single Food Group Servings

Group 1 (Bread, Cereal, Rice, Pasta)
1 slice bread
1/2 bagel or English muffin
1 ounce of ready-to-eat cereal
1/2 cup cooked rice or pasta

Group 2 (Fruits)
Medium-sized apple, orange, banana
3/4 cup of 100% fruit juice
1/2 cup chopped, cooked, or canned fruit

Group 3 (Vegetables)
1 cup raw leafy vegetables
3/4 cup vegetable juice
1/2 cup cooked, chopped or raw vegetables

Group 4 (Meat, Poultry, Fish, Eggs, Dry Beans, Nuts)
2–3 ounces cooked lean meat, poultry, fish
(average hamburger meat or half medium chicken breast is about 3 ounces)
1/2 cup tuna
1 cup cooked beans or peas
2 eggs

Group 5 (Milk, Yogurt, Cheese)
2 ounces of processed cheese
1 cup of milk or yogurt
1 1/2 ounces of natural cheese
2 cups cottage cheese
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floating throughout the pyramid, although not shown in Figure 4.2,
respectively represent naturally occurring and added fats, sugars and a
reminder to consume more fiber.

The food guide pyramid (Fig. 4.1), introduced in 1992, recommended
that people should avoid fats and eat more carbohydrate-rich foods
(e.g. bread, cereal, rice and pasta) in order to reduce serum choles-
terol levels. Recent research studies, however, have shown that a high
intake of refined carbohydrates (e.g. white bread and white rice) nega-
tively affect the body’s insulin and glucose levels. Hence, replacing
these unhealthy carbohydrates with healthy fats (e.g. monounsaturated
and polyunsaturated) decreases the risk of heart disease. As a result,
a “new” food pyramid has been recently recommended (Fig. 4.3).5

The Nutrition Committee of the American Heart Association recently
published dietary guidelines to prevent coronary heart disease (CHD).6

The guidelines, designed to assist individuals in establishing and
maintaining healthy lifestyles to decrease the risk of CHD, include
the following general recommendations.

Figure 4.2: Modified Food Guide Pyramid for the elderly (after Russell et al.4).

Fats
Oils

Sweets
(Use sparingly)

Milk
Yogurt
Cheese

(3 Servings)

Meat
Poultry
Fish, Eggs
Dry beans, Nuts
(≥2 Servings)

Vegetables
(≥3 Servings)

Bread, Rice, Cereal, Pasta (≥6 Servings)

≥8 Glasses of Water

Fruits
(≥2 Servings)

Calcium,
Vitamins
D, B12 Supplements
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(1) Establish a healthy eating pattern including foods from all major
food groups. These include a variety of fruits, vegetables, grains
and fat-free and low-fat dairy products, fish, legumes, poultry
and lean meats.

(2) Maintain a healthy body weight by matching caloric intake with
overall energy needs. This includes limiting consumption of foods
with high caloric density and/or low nutritional quality including
a high sugar content. In addition, maintain a level of physical
activity that achieves fitness and balances energy expenditure with
energy intake.

(3) Maintain a desirable blood cholesterol and lipoprotein profile by
limiting the intake of foods with a high content of saturated fatty
acids and cholesterol. Emphasis should be directed to the use of
grains and unsaturated fatty acids from vegetables, fish, legumes
and nuts.

(4) Maintain a desirable blood pressure by (i) limiting the intake of
sodium chloride to less than six grams a day; (ii) limiting alcohol
consumption (no more than one drink a day for women and two

Figure 4.3: “New” Food Pyramid (after Willet and Stampfer5).

Fish, Poultry, Eggs
(0–2 Servings)

Nuts and Legumes
(1–3 Servings)

*Alcohol in moderation
    unless contraindicated

Vegetables in abundance

Daily exercise and weight control

Fruit (2–3 Servings)

Multivitamins for most

White bread, White rice, Potatoes,
Pasta and Sweets (Use sparingly)

Red meat, Butter (Use sparingly)

Dairy or calcium supplement
(1–2 Servings)

Whole grain foods
at most meals

Plant oils (canola, soy, corn, sunflower,
olive, peanut and other vegetable oils)
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drinks a day for men); and (iii) maintaining a healthy body weight
and a dietary pattern that emphasizes vegetables, fruits and a low-
fat or fat-free diet.

Since these guidelines are discussed in detail, the publication is highly
recommended for those professionals interested in the prevention of
CHD, the number one cause of death in the United States and other
industrialized countries.

Essential Vitamins and Minerals

Medical teaching has generally been that a healthy person can ob-
tain adequate nutritional needs from diet alone. However, some stud-
ies suggest that these recommendations may not be adequate for
optimal health. For example, several observational studies have
found that periconceptual folic acid supplementation is associated
with significant risk reduction of neural tube defects. In an early
randomized trial, a high-dose folic acid supplement reduced the
incidence of recurrent neural tube defects by 70%.7 In addition, a
randomized trial of a daily multivitamin that included 800 ug of
folic acid in pregnant women without a history of affected preg-
nancy was stopped early because of a clear benefit in the preven-
tion of a neural tube defect.8 Furthermore, as the general popula-
tion responds to nutritional advice to reduce total fat intake and in-
crease the proportion of unsaturated fat from the diet, total vitamin
E intake may fall while the requirement for vitamin E will increase.
Future research, much of which is currently underway, will add criti-
cal information as to what constitutes a truly “healthy” diet and
whether the current daily Dietary Reference Intakes (DRI) for vita-
mins and minerals is fully adequate to promote optimal health. The
DRI now replaces the Recommended Dietary Allowances (RDA)
which have been published since 1941. “The DRI are reference val-
ues that are quantitative estimates of nutrient intakes to be used for
planning and assessing diets for healthy people.”9 The daily DRI
for the major vitamins and minerals for several age groups are pre-
sented in Table 4.3.
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Aging and Malnutrition

Nutritional well-being is a critical component of the health, indepen-
dence and quality of life in older persons. Unfortunately, they
represent the largest population segment at risk for malnutrition and
dehydration in the US. Lowenstein10 suggested a reference value of
1500 kcal/day as a minimum daily energy level for elderly people.

Table 4.3: Vitamins/Minerals: Daily Dietary Reference Intakes*9

Micronutrient Women Men Children Children
(9–13 years) (4–8 years)

Vitamin A (ug) 700 900 600 400
Vitamin C (mg) 75 90 45 25
Vitamin D (ug) 5–15 5–15 5 5
Vitamin E (mg) 15 15 11 7
Vitamin K (ug) 90 120 60 55
Thiamin (mg) 1.1 1.2 0.9 0.6
Riboflavin (mg) 1.1 1.3 0.9 0.6
Niacin (mg) 14 16 12 8
Vitamin B

6
 (mg) 1.3–1.5 1.3–1.7 1.0 0.6

Folic acid (ug) 400 400 300 200
Vitamin B

12
 (ug) 2.4 2.4 1.8 1.2

Pantothenic acid (mg) 5 5 4 3
Biotin (ug) 30 30 20 12
Choline (mg) 425 550 375 250
Calcium (mg) 1000–1200 1000–1200 1300 800
Chromium (ug) 20–25 30–35 25 15
Copper (ug) 900 900 700 440
Fluoride (mg) 3 4 2 1
Iodine (ug) 150 150 120 90
Iron (mg) 8–18 8 8 10
Magnesium (mg) 320 420 240 130
Manganese (mg) 1.8 2.3 1.9 1.5
Molybdenum (ug) 45 45 34 22
Phosphorus (mg) 700 700 1250 500
Selenium (ug) 55 55 40 30
Zinc (mg) 8 11 8 5

*Interested readers are referred to Ref. No. 8 for more specific information regarding rec-
ommendations for other groups (i.e. other ages, infants, pregnancy and lactation).
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Wier, however, recommended 1800 kcal/day “particularly for those
with selective protein rejection.”11

About 85% of elderly persons living in their urban homes reportedly
have one or more chronic disorders that could be improved with proper
nutrition.12 This interesting report used a revised Nutrition Screening
Initiative Checklist of ten yes or no items to evaluate a person’s nutri-
tional status (Table 4.4). The nutrition score is as follows: (1) 0–2 points
is rated good and should be rechecked in six months; (2) 3–5 points
indicates moderate nutritional risk, and should be rechecked in three
months; and (3) � 6 points indicate high nutritional risk and immedi-
ate need for professional assistance (physician, dietitian or other
qualified health or social service professional).

Nelson et al.13 studied a group of older adults in an urban county
clinic and hospital to determine the prevalence of hunger. About equal
numbers of clinic and hospital patients were evaluated. The authors
found that 12% did not have enough food, 13% had not eaten for an
entire day, and 14% reported going hungry but not eating because
they could not afford food. About 40% of the patients received food

Table 4.4: Nutrition Self-Test12

                            Condition Points If “Yes”

1. Current disorder/illness led to changed 2
kind and/or food amount

2. Eats two or less full meals/day 3
3. Eats few fruits, vegetables, milk products 2
4. Three or more drinks of beer, wine or 2

liquor most days
5. Tooth/mouth problems make it hard to eat 2
6. Occasional inadequate money to buy food 4
7. Eats alone most of the time 1
8. Takes three or more prescription/over-the 1

counter drugs/day
9. Lost or gained ten or more pounds in 2

past six months without trying
10. Physically unable to always shop, cook, 2

or feed self
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stamps in the previous year, but half of them recently experienced
either a reduction or complete loss of food stamps.

Unfortunately, nutritional deficits are too often labeled “biologic”
when, in fact, they are “pathologic” since they affect overall well-
being, cognitive functions, hospitalization outcomes, and the course
of various medical conditions. The signs of malnutrition in older
persons are often masked by concurrent disease, acute infections, or
non-specific mental or functional changes. In addition, the recogni-
tion of malnutrition is often missed since changes in body composi-
tion are also common in the elderly (i.e. increased body fat, decreased
skeletal muscle mass and bone density). For example, Wendland
et al.14 recently described the “iatrogenic component.” In this study,
they retrospectively analyzed the nutrient intake and delivery data
obtained from 21 consecutive days in older residents of long-term
care facilities in a geriatric teaching facility. They found that even if
the diets (i.e. unrestricted and lactose-free) were completely consumed
(about 2000 kcal/day), neither supplied sufficient quantities of vita-
mins and minerals needed to meet recommended intakes “making
these deficiencies iatrogenic in nature.” Moreover, as the caloric
intake levels decreased to ranges commonly observed (i.e. 1000–
1500 kcal/day), the number and severity of risk nutrient deficiencies
increased. This problem is presumably also a common one among
community-dwelling older people.

Total caloric malnutrition

Nutritional deficiency commonly increases with advancing age.15

Numerous studies have shown that being underweight is significantly
more common in the elderly than being overweight. Undernutrition
is frequently associated with frailty and a deterioration of functional
status; it is also a more significant risk factor for death. Indeed, about
16% of Americans over 65 years of age reportedly ingest fewer than
1000 calories/day, a level incompatible with an adequate intake of
critical vitamins and minerals.16 These underweight individuals are
significantly depleted of muscle mass and fat stores (marasmus-like
syndrome).
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Approximately 60% of older people in long-term care facilities are
reportedly malnourished.17 Similarly, Saletti and associates18 reported
that 33% of elderly Swedish subjects living in assisted accommoda-
tions and 71% living in nursing homes were malnourished. Others19

found that 40% of older patients were undernourished [Body Mass
Index (BMI) �20 kg/m2] at the time of hospital admission. These
findings were substantiated in a later report in which 43% of patients
were undernourished at the time of hospitalization as determined by
low BMI and decreased serum albumin levels.20 In this study, the
outcomes of 353 elderly patients, mean age 81.8 years, were evalu-
ated upon discharge after six months from an acute geriatric ward.21

The major variables predicting mortality within six months of
discharge were a Barthel Index on admission less than 65 years of
age, malnutrition, presence of pressure sores and polypharmacy (many
were taking five or more drugs).

The reasons of the nutritional decline in the elderly are complex and
multifactorial. They include various diseases/disorders, psychologi-
cal and social problems, relative immobility, malabsorption, decline
in senses of taste and smell, chewing difficulties and medications, as
well as social and financial problems (Table 4.5).22–24

Although the causes of caloric malnutrition are multiple, often com-
plex and not readily reversible or treatable, some are and should be
vigorously pursued since they are not secondary to aging or disease
per se (i.e. excess alcohol intake, cognitive decline due to protein
and vitamin/mineral deficiencies, physical inactivity and dentition
problems among others). A few examples will be presented.
Goodwin22 recently reviewed the negative effects of ethanol, cogni-
tion and institutionalization on the nutritional status of the elderly.
He emphasized the association between low blood levels of vitamins
C, B

12
, folate and riboflavin and poor scores on tests of cognitive

function. The adverse effects of alcohol abuse on nutrition
reportedly results from the following: (1) alcohol substitution for more
nutritious calorie sources; (2) alcohol-depressed central nervous
system (CNS) functioning; (3) alcohol-related dysfunction of the
liver, pancreas, gut and other organs; and (4) possible increased
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metabolic requirements for various important nutrients. His review
of prior published studies regarding the relationship between
institutionalization and poor nutrition is in agreement with the
observations noted above.

With respect to chewing difficulties, Mojon et al.17 studied 324 insti-
tutionalized frail older adults, mean age 85 years, 50% of whom were

Table 4.5: Causes of Malnutrition in Older Persons

Adverse drug-nutrient interactions
Alcoholism
Anorexia (tardive or nervosa)
Chewing problems (e.g. dentures, loss of teeth, etc.)
Decreased social activity
Physical inactivity
Malabsorption syndromes
Medical disorders

Cancer
Cardiopulmonary disease
Diabetes mellitus
Hepatic disorders
Hyperparthyroidism
Hyperthyroidism
Renal disease

Medications (e.g. digoxin, psychotropic drugs, etc.)
Neurological/psychological factors

Bereavement
Cognitive function
Dementia
Depression
Isolation
Paranoia

Physiologic disorders
Atrophic gastritis
Constipation
Decreased senses of taste and smell
Lactose intolerance
Swallowing difficulties

Relative poverty
Shopping and food preparation difficulties
Unappealing foods (i.e. low salt, low fat, etc.)
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malnourished (BMI �21 kg/m2 and/or serum albumin �3.3 g/dL).
Among the edentulous, wearing dentures with defective bases or not
wearing them at all were the factors most often associated with
malnutrition. Other chewing problems included the number of
occluding pairs of teeth, number of retaining roots and the presence
of loose teeth. Using these criteria, 31% of the group were orally
compromised. Similarly, Krail and associates25 studied the effects of
the number of teeth, denture type and masticatory function on nutri-
ent intake in elderly men in Veterans’ Administration Hospitals. They
found that dietary intake of fiber, zinc, magnesium and calcium, as
well as various vitamins, protein and fiber, did not meet the
minimum recommended standards. Moreover, nutrient intakes pro-
gressively decreased with impaired dentition independent of age,
smoking status and alcohol intake. In addition, the dietary deficien-
cies were inversely related with masticatory function. The authors
suggested that prevention of tooth loss and replacement of missing
teeth may improve the diets of elderly people.

Protein-energy malnutrition

Protein-energy malnutrition is also very common in the elderly.
Indeed, numerous reports indicate that 30% to 55% of hospitalized
patients are protein undernourished.26 The US minimum recommended
daily allowance (RDA) for protein intake is shown in Table 4.6.27 Many
older people selectively reject protein while eating more tasty foods
(snack foods and sweets). For example, one study of a group of under-
weight elderly people found that most of them rejected about half of
the total calories and consumed only 10 to 30 grams of protein a day.11

In two studies, about 60% of older patients were found to be protein-
energy undernourished at the time of hospital admission or developed
serious nutritional deficits prior to discharge.28,29 These nutritional defi-
cits are often associated with an increased risk of various morbid
events.30 In addition to muscle wasting, prolonged protein and micro-
nutrient deficiency impairs immune competence and threatens survival
during an acute illness. For example, Potter et al.31 found that elderly
malnourished hospitalized patients were much more likely to develop
sepsis, which significantly increased their length of hospital stay. In
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addition, Weir11 reported that “many of our patients showed apathy and
indifference, loss of interest in former activities and hobbies, mental
confusion, forgetfulness, sometimes incontinence and even full-blown
senility.”

Sullivan and associates32 referred to several prior studies that reported
(1) protein-energy undernutrition is often not diagnosed during
hospitalization and the risk for further nutritional deterioration is fre-
quently not recognized; (2) elderly hospitalized patients commonly
subsist on very low nutrient intakes for days; and (3) even when
nutritional deficiencies are recognized, adequate nutrition support is
uncommonly provided. To further examine this problem, these
authors32 prospectively studied protein-energy malnutrition in eld-
erly hospitalized patients. They found that 21% had an average daily
nutrient intake of less than 50% of their calculated maintenance
requirement. Severity of illness, length of stay and admission serum
albumin and prealbumin levels of this group did not differ signifi-
cantly from the other patients studied. Upon discharge, the undernu-
trition group had significantly lower blood levels of cholesterol,
albumin and prealbumin. They also had high rates of in-hospital
mortality and 90-day mortality. The authors stressed that their find-
ings are not unique to their hospital. Rather, they referenced several
earlier studies that also reported that hospitalized patients too often
receive less than optimal nutritional care.

Others33 set out to determine the extent to which patients with objec-
tive signs of protein-energy undernutrition had been diagnosed and
whether the diagnosis was documented in the patients’ medical record.
This cross-sectional study involved 121 non-critically ill patients, aged
70 years and older. The results showed the following: (1) nine

Table 4.6: Minimum Daily Allowance of Dietary
Protein (g/day)27

Age (Years) Males Females

    11–14 45.0 46.0
    15–18 59.0 44.0
    19–50 60.0 46.0
      50� 63.0 50.0
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patients had weight/height ratios below 60% of normal, 16 patients
between 60% and 75% of normal and 41 patients between 74% to
90% of normal; (2) of these 66 patients, only 24 were recognized as
being undernourished on admission and only five received nutritional
support while in the hospital; and (3) none of the patients were diag-
nosed as having malnutrition on discharge. It has also been reported
that protein-energy undernutrition is a strong independent risk factor
for mortality within one year of discharge.34 This study involved
350 randomly selected patients (99% male; 75% were white), 322 of
whom were discharged alive; the mean age was 76 years. Within one
year of discharge, 20% died. The variable most strongly associated
with mortality was the discharge weight (BMI �18 kg/m2 and
�35 kg/m2), self-dressing ability and a discharge diagnosis of
cardiac arrhythmia (most often atrial fibrillation). When these four
factors were included in their analysis model, the differentiation of
survivors from those who died before one year had a sensitivity of
69%, specificity of 69% and overall predictive value of 69%.

Protein-calorie malnutrition is not limited to hospitalized patients.
Rudman and Feller35 reviewed the literature prior to 1989 and
reported that the prevalence of protein-calorie undernutrition was 30%
to 60% in nursing home populations; the annual mortality rate was
10% to 40%. These latter people were older, more dependent and
had lower serum levels of albumin and cholesterol, lower BMI, smaller
triceps skin fold and lower blood hematocrit and hemoglobin levels
than those more likely to survive.

Measurement of Nutritional Status

The presence of malnutrition based solely on weight is often not reli-
able since some patients are dehydrated while others may be protein
malnourished but not calorically deficient (selective protein rejection),
edematous, or cannot be easily or accurately weighted due to illness or
immobilization. As a result, several more objective measures of poor
nutrition and increased morbidity have been studied. These include
various anthropometric and laboratory measurements (Table 4.7);
several of these will be briefly discussed.
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Antropometric measurements

BMI is perhaps the most commonly used measure to evaluate one’s
nutritional status. It is calculated by the formula, BMI � weight (kg)/
height � height (m2). The generally accepted target BMI is 20.0–
24.9 kg/m2 while 25.0–29.9 kg/m2 is considered overweight, and
�30 kg/m2 is obese. Undernutrition is present when BMI is �20 kg/m2

(see Chapter 2 for a more detailed discussion).

Friendman et al.36 described the use of a corrected arm muscle area
(CAMA) as a measure of malnutrition. The CAMA (cm2) � AMA
(cm2) � 10 for men and AMA (cm2) � 6.5 for women; AMA
(cm2) � mid-arm circumference (cm)/4 pi, where pi � 3.1416. The
mid-arm circumference was measured at the halfway point between
the acromion and the olecranon. Using these measurements, severe
wasting malnutrition was defined as CAMA �16.0 cm2 for men and
16.9 cm2 for women. They found that the malnourished subjects had
a significantly higher 90-day mortality (50%) than the non-malnour-
ished subjects (6.2%).

Table 4.7: Measurements for Protein-Calorie Malnutrition

Anthropometric Measurements
Percentage of ideal body weight
Body mass index (BMI)
Triceps skinfold thickness
Mid-arm muscle circumference
Corrected arm muscle area
Creatinine/height index

Laboratory Measurements
Hemoglobin/hematocrit
Plasma amino acids
Serum albumin
Serum cholesterol
Total lymphocyte count (% lymphocytes X WBC)
Transferrin
Transthyretin (prealbumin)
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Laboratory tests for protein-energy malnutrition

Albumin

Serum albumin is the major protein synthesized in the liver; its half-
life is about 20 days. Albumin has many physiologic functions includ-
ing maintenance of oncotic pressure and the transportation of various
substances (e.g. calcium and other ions, various hormones, drugs, etc.)
through the vascular system to organs and tissues. As a result, the mea-
surement of serum albumin is a very useful measure of chronic protein
energy malnutrition, especially in the absence of liver disease or a
chronic inflammatory disorder (i.e. rheumatoid arthritis, systemic lu-
pus erythematosus, tuberculosis, sarcoidosis, etc.), all of which are
associated with a decreased concentration. Indeed, numerous studies
have shown that a decreased serum albumin level is a risk factor not
only for CHD,37 but for overall mortality in various settings.

Phillips et al.38 prospectively studied 7735 middle-aged men over a
9.2-year period. They found a “marked increase in mortality rate with
decreasing serum albumin concentrations …” This increase persisted
after adjustment for age, social class, town of residence, cigarette
smoking, blood pressure and serum cholesterol. More specifically,
serum albumin levels less than 4.0 g/dL showed a mortality rate of
23/1000/year compared with 4/1000/year for a concentration of 4.8 g/dL
or higher. A later study was undertaken “to identify variables that
could explain the association between low albumin and a nine- to
12-year mortality follow-up” among community-dwelling and insti-
tutionalized people 60 years and older.39 After controlling for age,
blood urea nitrogen, triglycerides, history of various diseases and
inability to shop owing to medical conditions, the risk of mortality
for those in the community-dwelling group with albumin levels of
40 g/L (4.0 g/dL) or higher was about half the risk (0.46) of those
with albumin values less than 40 g/L. Serum albumin was also
inversely associated with mortality among the institutionalized sub-
jects after controlling for various confounders. Interestingly, the
authors concluded that serum albumin is a long-term predictor of
mortality in community-dwelling individuals, but a short-term
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predictor for those who are institutionalized. Others40 studied the se-
rum albumin level in 15,511 patients 40 years of age and older within
48 hours of hospitalization for acute illness to predict in-hospital death,
length of stay and readmission. Here, patients with albumin levels
less than 3.4 g/dL were more likely to die, were hospitalized longer
and readmitted sooner, more often than those with normal albumin
levels. The in-hospital mortality rate was 14% among those with
low albumin levels compared with 4% among patients with normal
levels. Importantly, the serum albumin concentration was a signifi-
cantly stronger predictor of death, length of stay and readmission
than age.

More recently, Sullivan and Walls41 evaluated protein-energy un-
dernutrition as a risk factor for mortality beyond one year after
hospital discharge in a group of elderly patients (mean age 76 years,
99% men, 75% white). The 322 patients were followed for an aver-
age of six years. Upon admission and at discharge, each patient
completed a comprehensive medical, functional, neuro-psychologi-
cal, socioeconomic and nutritional assessment. The authors also
created a “nutrition risk” indicator which included serum albumin
and other nutrition indicators in the data set. The patients were di-
vided into three nutrition groups: (1) “high-risk” — serum
albumin �3.0 g/dL or BMI �19 kg/m2; (2) “low-risk” — serum
albumin �3.5 g/dL and BMI �22 kg/m2; and (3) “moderate-risk”
— including all others. Within the six-year period following hospi-
tal discharge, 237 patients died (74%). The variable most strongly
associated with mortality at discharge was the “nutrition-risk.”
Other, albeit less important risk factors, were a diagnosis of con-
gestive heart failure, discharge location (home versus institution),
age and marital status. Similarly, a two-year follow-up study of eld-
erly male patients on a geriatric rehabilitation unit found that se-
rum albumin level 3.5 g/dL or less on admission was a stronger
predictor of two-year post-hospitalization mortality than infection,
Nutritional Status Score of moderate or severe compromise and
discharge to a place other than home.42

Albumin levels and mortality have also been studied in patients
with various clinical conditions, including hip fractures.43 Here,
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39 consecutive patients with hip fractures were followed for 12
months, ten of whom died during this time. Those who were living in
institutions prior to their fracture had significantly lower albumin
levels upon hospital admission than those living in private homes
(29.8 g/L versus 34.4 g/L). Furthermore, those who died had signifi-
cantly lower admission levels than those alive after 12 months (29.4 g/
L versus 34.2 g/L). Patients with albumin levels of 30 g/L (3.0 g/dL)
or lower were particularly at risk for increased mortality. Gibbs et
al.44 recently evaluated the preoperative albumin level as a predictor
of operative mortality and morbidity in 54,215 patients who under-
went non-cardiac surgery in 44 Veterans Affairs medical centers. The
authors concluded that serum albumin level is a “better predictor of
surgical outcomes than many preoperative patient characteristics.”
They also concluded that serum albumin “should be used more
frequently as a prognostic tool to detect malnutrition and risk of
adverse surgical outcomes.”

Transferrin

The serum transferrin level has also been used as an indicator of
protein-calorie undernutrition (normal level � 200 mg/dL).45

Levels of 150–200 mg/dL, 100–150 mg/dL and �100 mg/dL are
indicative of mild, moderate and severe protein depletion, respec-
tively.46 However, since the half-life of transferrin is less than
albumin (i.e. �18 days), nutritional depletion results in decreased
serum levels before any changes in serum albumin are noted. Care
must also be exercised in interpreting transferrin values since
increased concentrations are typical of iron deficiency anemia,
whereas decreased levels are common in the anemia of chronic
disease.

Cholesterol

Cholesterol is a basic element of cell membranes and is likely to be
essential in large tissue repair processes such as sepsis or following
trauma. Hypocholesterolemia occurs in a variety of acute and
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chronic disorders and numerous epidemiologic studies have reported
an inverse relationship between low serum cholesterol levels and
increased mortality. More specifically, Oster et al.47 showed an
increased mortality rate among patients admitted to an acute care
hospital with an admission serum cholesterol level below 120 mg/
dL. Others48 studied the clinical characteristics, lipoprotein abnor-
malities and outcomes of elderly hospitalized patients with
hypocholesterolemia. Their results showed that 9% of patients 65
years of age and older whose admission cholesterol level was
160 mg/dL or more, decreased to less than 120 mg/dL during their
hospital stay. These patients were more likely than the control group
to have undergone surgery and not to have taken food orally for
five or more days. They had a longer length of stay, more complica-
tions and were more likely to die while hospitalized. Gui and asso-
ciates49 reported that 38% of the critically ill surgical patients
admitted to the intensive care unit were hypocholesterolemic
(�120 mg/dL). This compared with 17% of all patients admitted to
the surgical service with levels below 130 mg/dL. They found a U-
shaped relationship between cholesterolemia and mortality and
noted that the hypocholesterolemic patients were often, although
not always, malnourished.

Hypocholesterolemia has also been reported as a predictor of death
in nursing home residents.50 These workers studied the relation-
ship of cholesterol, albumin, hemoglobin and glucose levels and
anthropometric variables to the risk of death in 224 nursing home
residents. They found a ten-fold increase in relative risk for death
with cholesterol levels less than 3.4 mmol/L (�131.5 mg/dL).
They also noted that decreased levels of albumin and hemoglobin
and elevated glucose were associated with increased mortality.
The authors suggested that since hypocholesterolemia also corre-
lated significantly with the presence of decubiti, increased leuko-
cyte count and use of enteral feeding, the association between
low cholesterol levels and risk of death was most likely due to
increased malnutrition and infection.
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Total lymphocyte count

Decreased immune function, a well-known phenomenon of protein-
energy malnutrition, is characterized by a decrease in total lympho-
cyte count (total white blood cell count times the percentage of
lymphocytes). Protein malnutrition may also lead to anergy to vari-
ous skin tests. A total lymphocyte count less than 1800/uL is a useful
nonspecific marker for chronic protein malnutrition; counts less than
800/uL suggest severe malnutrition (reference range 2000–3500/uL).
Skin tests for mumps and/or Candida antigens with less than 5 mm
induration at 24 to 48 hours are also an indication of protein
deficiency.45,51 These individuals are also more susceptible to infec-
tions from Mycobacteria, Listeria and Salmonella microorganisms.51

In addition, protein malnutrition negatively impairs various comple-
ment system components including mucosal secretory IgA antibod-
ies, antibody affinity and the ability of phagocytes to kill ingested
bacteria and fungi.52

Amino acids

The concentration of plasma amino acids depends on several fac-
tors including the amount and composition of dietary protein, muscle
protein metabolism and the reserve labile protein in various tis-
sues, particularly in the liver. Polge et al.53 compared the plasma
amino acid levels between two groups of elderly people, one of
which was healthy and the other malnourished. Both groups were
of similar age and sex. The study results showed that both essential
and non-essential amino acids were significantly decreased in the
protein energy malnourished patients compared with the control
group. Plasma branched-chain and urea cycle amino acids were sig-
nif icantly decreased as were alanine and glutamic acid plus
glutamine levels. The authors concluded that the plasma amino acid
pattern reflects the severity of protein energy malnutrition in
elderly patients.
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Protein Supplementation
in Protein-Energy Malnutrition

A recent study evaluated a nutritional intervention program in eld-
erly nursing home residents.54 This prospective, randomized, con-
trolled study determined the nutritional status at day 0 and day 60. It
consisted of a dietary intake record, anthropometry, hand-grip strength
and a mini-nutritional assessment. The subjects were divided into
four groups based on their mini-nutritional assessment score as
follows: the well nourished group received no supplementation
(score 24); those at risk of malnutrition were randomized to oral
supplementation or no supplementation (score 17–23.5); and those
who were malnourished received oral supplementation (score �17).
On day 60, the total energy intake was signif icantly higher
in both supplemented groups. Those at risk of malnutrition who
were supplemented significantly improved their mini-nutritional
assessment score and increased their weight (1.4 � 0.5 kg; about
3.1 pounds) compared with the non-supplemented at risk group.
Supplementation of the malnourished group also significantly
increased their mini-nutritional assessment score and weight grain
(1.5 � 0.4 kg; about 3.3 pounds).

Bos et al.55 studied the metabolic response to short-term nutri-
tional supplementation [1.67 MJ (about 400 kcal) and 30 g of
protein each day for ten days] in moderately malnourished
elderly people and compared the results with a group of healthy
young adults. A control group of malnourished elderly patients
received no supplementation. The supplemented malnourished
elderly group had a significantly greater fat-free mass gain than
the elderly malnourished unsupplemented group. They also had
a significantly greater increase in fasting rate of protein synthe-
sis than the healthy young supplemented adults. The authors
concluded there was an anabolic protein metabolic response
to short-term dietary supplementation in malnourished elderly
people and that it likely improves both muscle strength and
functional capacity.
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Economic Costs of Hospitalized
Malnourished Patients

An increased prevalence of medical complications and mortality rate
are reportedly associated with malnutrition in hospitalized patients.56

However, several early studies suggested that providing nutritional
support to these patients reduces both medical complications and
mortality.57–59 It also presumably reduces the length of stay and fi-
nancial costs.

To evaluate and quantify these two latter questions, Reilly and
associates56 retrospectively reviewed the hospital records of 771 pa-
tients in two acute care hospitals using generally accepted criteria for
malnutrition (i.e. serum albumin �3.5 g/dL, total lymphocyte
count �1500/uL, height/weight ratio �80% of normal, subjective/his-
torical notes in hospital records from health professionals). The study
found the likelihood of malnutrition (LOM) was present in 59% and
48% of medical and surgical patients, respectively. Moreover, LOM
patients were respectively 2.6 and 3.4 times as likely to suffer a minor
or major complication and 3.8 times as likely to die compared to
patients without LOM. The increased length of stay ranged from 1.1 to
12.8 excessive days. In terms of 1985 dollars, the LOM status increased
excess costs and charges by US$1738 and US$3557 per patient, re-
spectively. When complications occurred, the excess costs and charges
per patient were US$2996 and US$6157. Importantly, they found that
serum albumin was the strongest predictor of cost. The authors con-
cluded that very few patients with LOM received early nutrition sup-
port. They also concluded that early detection and aggressive treat-
ment of patients with LOM is very cost-effective.

Similarly, Robinson et al.60 prospectively audited 100 admissions to
a general medical service to study the association of initial patient
nutritional status to actual length of stay (LOS) and hospital charges.
This information was then compared with the allowed LOS and esti-
mated reimbursement under the diagnosis-related groups (DRGs)
payment system. They found that 45% of the malnourished group
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were hospitalized longer than allowed under DRGs compared with
30% of normal patients and 37% of those who were borderline mal-
nourished. The average LOS for the malnourished group was
15.6 � 2.2 days compared to about 10 days in the other two groups.
Although the estimated 1987 DRG reimbursement was similar for
all three groups (US$4352 to US$5124), the actual hospital charges
were significantly greater in the malnourished and borderline malnour-
ished group (US$16,691 � US$4389 and US$14,118 � US$4962,
respectively) compared to the normal patients (US$7692 � US$687).
As a result, the DRG system has a severe adverse financial impact in
the care of poorly nourished patients. The authors recommended early
recognition and aggressive treatment of malnourished patients in
order to decrease the LOS and cost deficit incurred by poorly
nourished patients.

In a later study, Bernstein et al.26 projected cost reductions and rev-
enue potential for their community hospital in 1988 dollars at 1%,
5% and 10% reduction in LOS by identifying malnourished patients
and vigorously managing their nutritional status. The estimated cost
reductions were approximately US$500,000, US$2 million and US$5
million dollars respectively, while the corresponding projected rev-
enue potentials were approximately US$1 million, US$5.5 million
and US$11 million, respectively. The authors indicated that even a
minimum level of timely nutritional support for selected patients could
save US acute-care hospitals at least US$6 billion (1988 dollars)
annually by reducing the average length of stay. These latter authors
recently published practice guidelines for a malnutrition treatment
program in a community hospital.61 The importance of nutritional
care management was recently reviewed.62

Nutrition Counseling

In Western societies, undernutrition has been replaced not only by an
increased consumption of high-fat foods, but of total caloric excess.
As a result, nutritional counseling is a very important part of health
promotion. As with other health matters, primary care physicians are
the most frequently consulted professional group for nutritional
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advice.63 Yet, an early national survey reported that about 75% of
American adults who thought they were not getting enough exercise
indicated that they had never received exercise advise from their doc-
tors and only 15% of dieters and 8% of ex-smokers reported that
their physicians’ recommendation had motivated them to diet or stop
smoking.64 Indeed, fewer than half of Massachusetts primary care
physicians polled in 1981 reported even asking their patients about
diet, exercise or stress.65 Unfortunately, a more recent survey by the
same researchers found that even fewer Massachusetts physicians
counseled their patients regarding these matters than they did 13 years
previously.66 Of the physicians surveyed, 73% practiced internal medi-
cine, 18% family practice and 9% general practice. The results of
this latter study were as follows: (1) 55% agreed people should “avoid
foods high in saturated fats”; (2) 63% for “moderation in alcohol
drinking”; (3) 52% for “avoid excess calories”; (4) 49% for “moder-
ate daily physical activity”; (5) 47% for “eat a balanced diet”;
(6) 13% for “decrease salt consumption”; and (7) 6% for “minimize
sugar intake.”

A nutrition study involving Dutch consumers found that physicians
were perceived to have a very high level of expertise and were con-
sulted more often about nutritional needs than any other professional
group.67 Although most of these physicians expressed interest in the
role of nutrition in health, they indicated that there are several major
barriers to involving themselves in nutrition issues with their patients.
The major ones, as with most other physicians, are (1) lack of profes-
sional training in nutrition, (2) lack of time to give nutritional advice
even if they feel qualified, and (3) an impression that most patients
lack the motivation to change their dietary patterns or lifestyles.
Nevertheless, other studies indicate that most people are very con-
cerned about their lifestyle and would welcome more appropriate
counseling.68 Moreover, they felt that physicians should be more
concerned about patient lifestyles and disease prevention.

National objectives and guidelines clearly call upon physicians to
help reduce the number of chronic diseases by advising patients to
consume fewer calories and exercise more. Unfortunately,
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physicians are most likely to provide behavioral recommendations
to those who already have a disease or disorder (e.g. obesity, CHD,
cancer, diabetes, hypertension, etc.). In order to understand the vari-
ous factors that influence physicians’ advising decisions, Kreuter
et al.69 studied 915 adult patients and 27 physicians from four com-
munity-based family medicine clinics. They found that a high BMI
was the strongest predictor of receiving advice to increase physical
activity, while an elevated blood cholesterol level was the strongest
predictor of receiving advice to eat less. However, neither the ac-
tual content of the patients’ diet nor their level of physical activity
was guided by “quick but fallible heuristics (i.e. learning by self-
teaching) that systematically exclude patients whose needs are not
easily visible.”

Is physician counseling effective? A study of 12,835 obese
(BMI �30 kg/m2) adults 18 years and older who had visited their
physicians for a routine examination during the previous 12 months
was recently published.70 Here, less than half (42%) of the partici-
pants were counseled to lose weight. The authors found that those
most likely to be counseled were female, middle-aged, more edu-
cated, lived in the northeast, reported poorer perceived health, were
more obese and had type 2 diabetes. Importantly, those who were
advised to lose weight were significantly more likely to try than those
who were not counseled to do so. The authors stressed that barriers
to counseling must be identified and addressed. Another recent study
measured the effect of brief behavioral counseling in general medi-
cal practice on the consumption of fruits and vegetables among
217 patients aged 18 to 70 years from a low income population.71

The participants were randomly assigned to either of two counseling
groups: brief individual behavioral counseling or nutrition education
counseling. Again, behavioral counseling was very effective. The
consumption of fruits and vegetables increased from baseline to
12 months by 1.5 and 0.9 portions, respectively; those eating five or
more portions each day increased by 42% and 27%, respectively.
Certainly, the ultimate benefits of appropriate counseling can be enor-
mous: increased life expectancy and quality of life, as well as
decreased medical costs.
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A major reason for the lack of appropriate counseling is that medical
students and residents are taught to diagnose and treat disease. Hence,
physicians focus on the “chief complaint,” past medical history, physi-
cal examination and laboratory tests to confirm or rule out possible
diseases/disorders that may already be present. Medical schools gen-
erally teach very few, if any, courses in nutrition, health promotion
and behavioral counseling. Unfortunately, improving physician coun-
seling will not be easy. It will require some changes in medical school
curricula, as well as appropriate financial compensation for practic-
ing professionals for the significant amount of time required. In
addition, there must be more patient referrals to other professionals
including dieticians and sports medicine specialists. Furthermore,
readily available and reliable information must be available for the
general population. As with the current anti-smoking campaigns, the
public must be equally informed as to the health benefits of a desirable
diet, as well as the many diseases associated with poor nutrition.

Free Radicals and Antioxidants

Many of the benefits of a quality diet are that it contains various
antioxidants (e.g. vitamins C, E, carotenoids, flavonoids, selenium,
etc.). These micronutrients neutralize (i.e. scavenge) highly toxic
and reactive oxygen-derived chemical species known as free radi-
cals, as well as other reactive oxygen species (ROS) which are
normally produced in abundance in all body cells. Thus, micronu-
trients may be protective of numerous diseases/disorders that have
been associated with free radical reactions. In addition to aging,
over 100 medical conditions have been linked to oxidative stress
although their importance is not fully understood. The major medi-
cal conditions and organs that are associated with increased ROS
are listed in Table 4.8.72 A brief review of free radicals, other ROS
and natural antioxidant mechanisms will be presented. Failure to
appreciate these phenomena makes it difficult to understand the
role of antioxidants in the aging process, as well as in disease pre-
vention. An extensive review of free radicals and their importance
in aging and disease has been recently published.72 The air we breathe
is truly a “double-edged sword.” We obviously need it for life; yet,
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many intracellular reactions in which it is involved result in the
formation of oxygen-derived free radicals. Although most radicals
are potentially harmful, others are essential in many metabolic path-
ways; they are also critical for phagocytic cells to kill ingested
microorganisms.

What is a free radical? It is an atom, molecule or compound with
one or more unpaired electrons in its outer orbital. For stability,
however, chemical substances require two electrons in each outer
orbital (they rotate in opposite directions, i.e. they are “paired”).
Oxygen itself is a free radical since it contains an electron in each
of two outer orbitals. However, their rotations are parallel, hence
oxygen is a biradical. Since free radicals need an additional
electron for stabilization, they attack sites of increased electron
density such as nitrogen, which is electron-rich (i.e. contains two
unpaired electrons). As a result, free radicals attack and inacti-
vate proteins, including enzymes. The hydroxyl radical also
reacts with the nitrogen-rich DNA and RNA purine bases (e.g.
guanosine to form 8-hydroxyguanosine).73 Furthermore, subse-
quent studies have shown that oxyradicals react with DNA to
produce over 30 different adducts excluding protein and lipid ad-
dition products, as well as inter- and intra-strand cross-links.74

These reactions may then cause gene mutations, rearrangements
and deletions which can lead to various malignancies.75

Table 4.8: Major Diseases/Disorders Associated with ROS72

Aging
Coronary heart disease
Cerebrovascular disease
Cancer (various types)
Cataracts and macular degeneration
Neurodegenerative disorders (i.e. Parkinson’s disease, Alzheimer’s disease, etc.)
Immune system deficiencies
Respiratory disorders (e.g. emphysema, respiratory distress syndrome, etc.)
Kidney, liver disorders
Chemical toxicity (transition metals, ozone, tobacco smoke, etc.)
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Furthermore, polyunsaturated fatty acids and phospholipids con-
tain multiple carbon-carbon double bonds (C�C), hence they are
also electron-rich. Since all cell membranes are composed of a
polyunsaturated bilipid layer, they are disrupted by ROS, as are
other unsaturated fatty acids, including low-density lipoproteins
(LDL). This process, known as lipid peroxidation, is an autocata-
lytic free radical reaction whereby polyunsaturated fatty acids and
phospholipids undergo degradation by a chain reaction to form
lipid hydroperoxides, as well as a lipid free radical, in cell mem-
branes, body fluids, etc.72 Since the reaction is autocatalytic (i.e.
once started it continues until neutralized), a single radical may
result in the formation of thousands of hydroperoxides before it is
stopped; cell death may be the end result. However, lipid
perioxidation can be stopped by appropriate lipid soluble antioxi-
dants such as vitamin E and lipoic acid.

Free radical formation

Superoxide (O
2

�	) is a free radical anion produced in abundance in
all cells; its production is particularly high in mitochondria where
oxygen is abundant and electrons are transferred along the respira-
tory chain [a free radical is indicated by an elevated dot (.) indicat-
ing a single electron in the outer orbital].

O
2

� electron → O
2
�	

Superoxide is also produced in several enzyme-catalyzed oxidation
reactions, including xanthine oxidase (XO) and monoamine oxidase
(MAO).

Xanthine � H
2
O � O

2
�XO→ Uric acid � 20

2
�	 � 2H+

In addition, about 3% of oxyhemoglobin (HbFe2�) is non-
enzymatically oxidized to methemaglobin (HbFe3�) daily with the
production of superoxide.

HbFe2� � O
2

→ HbFe3� � O
2
�	
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Antioxidant enzymes

There are numerous enzymes that either inactivate or prevent the for-
mation of free radicals. Superoxide is converted to hydrogen perioxide
(H

2
O

2
) by either of two superoxide dismutases (SOD; cytoplasmic SOD

requires zinc and copper; mitochondrial SOD requires manganese).

2O
2

�	 � 2H� — SOD→ H
2
O

2
� O

2

Two major enzymes, catalase and glutathione peroxidase (GPx),
rapidly inactivate most of the hydrogen peroxide thus formed (GPx
requires selenium).

2H
2
O

2
 — Catalase→ 2H

2
O � O

2

H
2
O

2
� 2GSH — GPx→ GSSG � 2H

2
O

It is apparent from this latter reaction that glutathione (GSH) is a
critical antioxidant. Indeed, GSH has been referred to as the “master
antioxidant.” This simple tripeptide (L-gamma-glutamyl-L-cysteinyl-
glycine) is ubiquitously distributed in essentially all cells. In
addition to its role as an antioxidant, it is important in amino acid
transport, biosynthesis and activity of proteins, enzymes and hor-
mones, and defense against various toxic compounds. Importantly,
glutathione reductase (GR) reduces oxidized glutathione (GSSG) back
to GSH, thereby further assuring the removal of hydrogen peroxide.

GSSG � 2H� — GR→ 2GSH

Miscellaneous antioxidant pathways

Although hydrogen peroxide and other peroxides (e.g. ROOH) are
not highly reactive, they are readily converted to free radicals in the
presence of various transition metal ions (e.g. iron, copper, manga-
nese, nickel, cadmium, etc.) by the Fenton Reaction.

H
2
O

2
� Fe2� → HO	 � OH� � Fe3�



Nutrition 363

The hydroxyl radical (HO	) is the most potent of all naturally occur-
ring radicals. Other natural radicals include R	 (alkyl), RO	 (alkoxyl)
and HOO	 (peroxyl).

Importantly, numerous metal-binding proteins are normally produced
to prevent the formation of free radicals. That is, transferrin, ferritin,
hemoglobin and myoglobin among others, bind iron; ceruloplasmin
binds copper while metallotheinin binds various other transition metal
ions (e.g. Ni, Cd, etc.). However, in spite of these protective mecha-
nisms, abundant free radicals are still produced although many of
them can be neutralized by an adequate dietary intake of free radical
“scavengers” (i.e. exogenous antioxidants such as vitamins C, E, caro-
tenoids, flavonoids, etc.). It should also be noted that there are
numerous natural endogenous free radical scavengers (e.g. uric acid,
bilirubin, melatonin, various proteins, etc.). Unfortunately, these
mechanisms are not completely adequate. For example, Ames et al.76

estimated that in every rat cell there are 100,000 free radical “hits/
day” (in every human cell there are about 10,000 “hits/day”).

Other radicals, including nitric oxide (NO	), also known as endothe-
lium relaxing factor, and other nitrogen- and sulfur-centered radicals
are normally produced. Although nitric oxide is critical for normal
vascular function, and not toxic itself, under certain conditions
excess amounts react with superoxide (O

2
�	) to produce the highly

reactive peroxynitrite anion (ONOO�).

NO	 � O
2
�	 → ONOO�

Peroxynitrite may then react with various compounds, including the
amino acid tyrosine to form nitrotyrosine.

Aging, caloric restriction and antioxidants

The free radical theory of aging was first proposed by Harman in
1956;77,78 an excellent extensive review of this theory was recently
published.79 As such, it is reasonably presumed that diet is very
important in aging and that appropriate antioxidants may slow the
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aging process. However, the only method repeatedly shown to
increase the lifespan of laboratory animals is caloric restriction. In
1935, McKay et al.80 first reported that by restricting total food
intake in young rats, but with an adequate supply of protein and criti-
cal micronutrients, longevity can be significantly increased. That is,
reducing the caloric intake to 60% of the amount consumed by rats
allowed food ad libitum, their lifespan was increased by 30% to 50%.81

This study has been repeatedly verified.82–84 Furthermore, Chung
et al.85 studied the effects of caloric restriction on DNA damage in
rat cell mitochondria compared with the nuclei. Here, DNA damage
in both nuclei and mitochondria was significantly reduced in the caloric-
restricted rats compared with those who received food ad libitum.

The biological pathways whereby caloric restriction slows the aging
process are unknown, although various hypotheses have been pro-
posed (e.g. hormonal alterations, improved immune system and oxi-
dative stress).86 Considerable evidence supports decreased oxidative
stress as the major explanation for this phenomenon. For example,
several studies have shown an inverse correlation between caloric
restriction and the activity of the antioxidant enzyme catalase.87,88

Caloric restriction in non-human primates has also shown that sexual
and skeletal maturation are delayed and that other aspects so suc-
cessful in rodents also apply to non-human primates.89 In addition,
energy restriction in rhesus monkeys lowers body temperature and
thereby slows the metabolic rate,90 increases physical activity
without exerting a negative influence on behavior,91 and slows the
post-maturational decline in serum dehydroepiandrosterone sulfate
levels.92 It also significantly improves the immune system.93 Hence,
there is little reason not to assume that these factors also apply to
human aging. For example, the presence of an increased system oxi-
dant load in older adults has been associated with “unsuccessful”
aging.94 In this report, free living and disabled older adults had lower
antioxidant and higher lipid peroxide levels than healthy adults; dis-
abled older people had higher peroxide levels than older free living
persons. Moreover, plasma concentrations of vitamins C and E, pro-
tein thiols and lipid peroxides were independently associated with
either aging or aging with disability. Others95 reported that healthy
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centenarians show a particular antioxidant profile in which higher
levels of the fat-soluble vitamins A and E appear to correlate
with extreme longevity. These latter authors suggested that this
centenarian antioxidant profile is “probably linked to not only their
antioxidant properties but also to their function in other homeostatic
mechanisms such as immunomodulation.”

Studies of the association between caloric restriction and increased
lifespan have generally involved laboratory animals in their wean-
ing or young adult stages. Can dietary restriction initiated in late
adulthood also slow various age-related phenomena? Indeed,
several recent studies showed that caloric restriction in late adult-
hood reverses mitochondrial protein alterations in rats.96–98 The
authors concluded that it is conceivable that dietary restriction “con-
ducted in old age can be beneficial not only to retard age-related
functional decline but also to restore functional activity in young
rodents.”97

The subject of oxidative stress, caloric restriction and aging has
been reviewed.89,99,100 In their review, Sohal and Weindruch99

suggested the following in support for the hypothesis of an
imbalance between prooxidants and antioxidants in caloric restric-
tion: (1) antioxidative enzymes that are overexpressed in the fruit
fly retard age-related oxidative damage and extends the maximum
lifespan; (2) variations in longevity of various animal species
inversely correlates with mitochondrial generation rates of the
superoxide anion radical (O

2
�); and (3) caloric restriction lowers

steady-state levels of oxidative stress and damage, slows age-
related changes and extends the maximum lifespan of mammals.
Conversely, caloric excess significantly accelerates aging inde-
pendent of the numerous diseases and disorders associated with
being overweight (Chapter 2).

Because of the recent advances in understanding the aging process,
numerous entrepreneurs are luring many people of all ages to
purchase their anti-aging products which they claim, “based on
scientific evidence,” slow the aging process. Because of these false
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claims, 51 well-established scientists who study aging recently
issued a public warning that there is “no truth to the fountain of
youth.”101 Indeed, no simple anti-aging remedy has been proven to be
effective. As these researchers pronounced, “the primary goal of bio-
medical research and efforts to slow aging should not be the mere
extension of life. It should be to prolong the duration of healthy life.”
Hence, a lifestyle characterized by proper diet, possible vitamin and
mineral supplements where appropriate, regular exercise, weight con-
trol, not smoking, or drinking alcohol in excess will, for most people,
not only increase their life expectancy, but the quality of life.

Diseases/Disorders and Nutrition

In addition to the above-cited basic studies in both laboratory ani-
mals and humans, numerous epidemiologic and clinical publications
have also generally shown that various nutritional antioxidants are
protective against numerous diseases. The most studied antioxidants
include, in addition to vitamins A, C and E, various carotenoids
(e.g. alpha- and beta-carotene and lycopene), flavonoids and syn-
thetic antioxidants (Table 4.9). According to Packer et al.,102 an “ideal”
antioxidant would have the following characteristics: (1) high

Table 4.9: Major Nutritional Antioxidants

                 Antioxidant                       Source(s)

Vitamin A/carotenoids Orange-colored fruits and vegetables,
spinach, peas, broccoli, peppers,
tomatoes, etc.

Vitamin C (ascorbic acid) Citrus fruits, cruciferous vegetables,
potatoes, various other fruits and
vegetables

Vitamin E (tocopherols, tocotrienols) Nuts, whole grains, vegetable oils,
seeds, butter, egg yolk,
sweet potatoes

Flavonoids (polyphenols) Brightly colored fruits/vegetables,
onions, apples, red grapes, tea,
chocolate, potatoes

Metal ions (e.g. Zn, Se, Fe, Mn, Cu) Fruits, vegetables, grains
Probucol, butylated hydroxytoluene Synthetic antioxidants



Nutrition 367

specificity for free radical quenching, (2) metal chelation properties,
(3) antioxidant interaction, and (4) effects on gene expression. Other
important criteria include adequate intestinal absorption and
bioavailability, appropriate cellular, extracellular and tissue concen-
trations, and cellular/aqueous location.

Over 600 carotenoids have been identified, about 40 of which are
present in various fruits and vegetables. The major carotenoids are
vitamin A, alpha- and beta-carotene, lycopene and lutein. Although
vitamin A is of prime importance in vision, it is also involved in the
immune system (mainly cell-mediated immunity), fetal development,
spermatogenesis and hematopoiesis. Beta-carotene has probably been
the most extensively studied antioxidant in this group. It is fat-soluble
and has been shown to trap free radicals and quench singlet oxygen.

Vitamin E (tocopherols) was first described in 1922 as being important
in the prevention of fetal death and sterility in rats. It was originally
called “factor X” and “antisterility factor.” It is now recognized as a
highly potent lipid-soluble antioxidant. As such, it is particularly impor-
tant as a free radical “chain breaker” in cell membranes and serum lipids
(i.e. prevents lipid peroxidation).72 Vitamin E may also be important in
other biological processes including (1) maintenance of cell membrane
integrity, (2) DNA synthesis, (3) stimulation of the immune system, and
(4) direct and regulatory interaction with the prostaglandin synthetase
complex of enzymes involved in prostaglandin metabolism.

Vitamin C (ascorbic acid) is water soluble and has numerous
well-defined biological activities, as well as being a very important
antioxidant; it has chain-breaking properties and can directly neutral-
ize various reactive oxygen species (e.g. superoxide, hydroxyl radical
and singlet oxygen).72 Its deficiency was initially recognized as the
cause of scurvy, but because of its potent antioxidant properties, it is
now recognized as being important in numerous other diseases/
disorders. Interestingly, one of its major functions is to regenerate vita-
min E after the latter has “trapped” a free radical in a bilipid cell mem-
brane. However, it too then becomes a relatively inactive radical which
is either recycled (i.e. by alpha-lipoic acid) or eliminated in the urine.
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Several thousand naturally occurring flavonoids have been identi-
fied; they are responsible for the brilliant coloring of fall leaves. They
are also excellent antioxidants and rich in brightly colored fruits and
vegetables (e.g. broccoli, red and purple grapes, tea, chocolate, etc.).
There are several flavonoid subgroups (flavonols, flavones flavanols
and flavanones) with variable antioxidant properties depending on
their structures (Fig. 4.4). More specifically, the flavanols, of which
quercetin is a major one, are scavengers of superoxide, singlet oxy-
gen and lipid peroxyradicals.103 In addition, many of these compounds
prevent free radical formation by sequestering metal ions due to che-
lation by adjacent hydroxyl groups. The most frequently studied fla-
vonoids include quercetin, morin, rutin, catechin, fiscetin and
myricetin.

Various transition metal ions are also important antioxidants since
they are critical components of various antioxidant enzymes such as
glutathione peroxidase (Se), the superoxide dismutases (Cu-Zn; Mn)
and catalase (Fe).72 Moreover, zinc has other important antioxidant
roles including protection of protein sulfhydryl groups and inhibi-
tion of metal-catalyzed free radical reactions (i.e. prevents Fenton
and Haber-Weiss reactions).104 Furthermore, manganese can prevent
cell damage by scavenging electrons from peroxyl radicals.105

Figure 4.4: The major flavonoid subclasses.
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Probucol, butylated hydoxytoluene and various other synthetic
antioxidants have been studied in numerous experimental free
radical-associated disorders.

The chemical structures of ascorbic acid, beta-carotene, vitamin E
and two major flavonoids (quercetin and catechin) are presented in
Fig. 4.5.

Aging, Disease and Micronutrients

The average life expectancy of Americans in 1900 was 47 years and
the percentage of Americans 65 years and older was 4%. The average
life expectancy currently approaches 77 years; those 65 years and older
represent 12% to 13% of the population. The 65 and over segment is
expected to reach 20% within the next 20 to 30 years. The issue most
likely to affect the quality of life of older people is their health needs.
Hence, greater emphasis in the areas of aging research, better treat-
ment and disease prevention (health promotion) is critical. With
respect to this latter item, the ten major causes of death in the US are,
to a significant extent (65–70%), lifestyle-related (Chapter 1). In

Figure 4.5: Chemical structures of several important dietary antioxidants.
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addition to weight control, increased physical activity and not smok-
ing or abusing alcohol and other drugs, good nutrition is critical for
successful aging. The maintenance of a healthy mental and physical
state is one of the major public health challenges. Since extensive studies
have now confirmed a close relationship between health and nutrition,
it is important to emphasize this relationship in the elderly, particularly
regarding the link between nutrition and several chronic degenerative
diseases. Nevertheless, many of these age-associated chronic diseases
begin years to decades before they are clinical recognized. As such, to
prevent or delay the onset of these disorders, vigorous preventive
efforts should begin in childhood.

The extensive problems of protein energy malnutrition in older
individuals were discussed earlier, as was the relationship between
caloric restriction and aging. The remainder of this chapter will
focus on the importance of diet, particularly micronutrients
(vitamins and essential minerals) in maintaining health and the pre-
vention of various diseases and other clinical disorders. Indeed, “in
the present state of knowledge, combined supplementation, includ-
ing Zn, Se, vitamins C and E and carotenoids, may be the best way to
prevent accelerated aging and reduce the risk of several common
age-related diseases.”106

Common vitamin deficiencies

A recent study of elderly Europeans sought to determine the
minimum requirement of various micronutrients.107 Vitamin data on
486 men and 519 women aged 74 to 79 years from eight countries
were collected. The report noted that there was an inadequate intake
of at least one micronutrient (i.e. iron, thiamine, riboflavin and pyri-
doxine) in 23.9% of the men and 46.8% of women. In those whose
energy intake was at least 1500 kcal/day, 19% of the men and 26% of
the women still had an inadequate intake of at least one of the micro-
nutrients. Other common vitamin deficiencies in the elderly include
folic acid and vitamins B

6
and B

12
.108 Indeed, Naurath and

associates109 provided strong evidence that even in the presence of
normal serum levels of folic acid and vitamins B

6
and B

12
, many
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elderly were vitamin deficient as determined by metabolite assays
before and after supplementation. The authors suggested that these
individuals may benefit from vitamin supplements.

Deficiencies of vitamins A, C, E, carotenoids and flavonoids are all
commonly found in elderly people. These nutrients will be discussed
in some detail under the various section headings (i.e. arteriosclero-
sis, cancer, immune deficiencies, etc.).

Folic acid

Folic acid deficiency is common not only in the elderly, but in young
adults as well. Indeed, about one-third of American women of child-
bearing age are folate deficient. The current recommended folic acid
intake (0.4 mg/d; 400 ug/d) would decrease the incidence of neural
tube defects by 48% (see discussion under “Birth Defects”).110 To
increase the possibility that more women take the recommended amount,
but prevent an excess in the non-target population, the US Food and
Drug Administration (FDA) developed a compromise for the fortifica-
tion of grain products.111 By adding 140 ug of folic acid into each 100 g
of grain products, the FDA estimated that this level of fortification would
not result in an excess intake (
1000 ug/d) in non-target consumers of
high amounts of grain products (i.e. the elderly and young men).
Importantly, levels greater than 1000 ug/d may mask the anemia asso-
ciated with vitamin B

12
 deficiency and pernicious anemia.

Vitamin B
12 (cobalamin)

Vitamin B
12

deficiency is estimated to affect 10% to 15% of people
over 60 years of age.112 These authors noted that the major reason the
elderly are more often vitamin B

12
deficient than young adults is due

to the high prevalence of atrophic gastritis in the elderly and not due
to malabsorption. Importantly, the absorption of crystalline vitamin
B

12
remains intact in those with atrophic gastritis. As a result, the

elderly are encouraged to obtain vitamin B
12

from either supplements
or fortified foods (e.g. breakfast cereals) to ensure an adequate
supply (recommended intake is 2.4 ug/d).
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As with folic acid, cobalamin levels are insensitive for screening since
patients with low normal levels (201–300 pg/mL) may have mark-
edly elevated metabolites (i.e. methylmalonic acid and homocysteine)
which fall to normal with vitamin B

12
treatment.113 Others114 reported

that about 90% of older people with serum cobalamin levels less
than 150 pmol/L show evidence of tissue vitamin B

12
deficiency [i.e.

neutrophil hypersegmentation, elevated erythrocyte mean cell
volume (MCV) and increased homocysteine]. As a result of these
and other studies, routine vitamin B

12
screening has been recom-

mended in older people.115,116

In addition to the well-recognized relationship between vitamin B
12

deficiency due to a lack of gastric intrinsic factor (pernicious ane-
mia), several other clinical disorders have been associated with
cobalamin deficiency. In a seminal report, Fata et al.117 showed a
linear relationship between serum vitamin B

12
levels and antibody

levels after vaccination with pneumococcal polysaccharide vaccine.
The higher the prevaccination serum cobalamin level, the greater the
vaccine antibody response. Importantly, the authors found no corre-
lation between serum folate levels and antibody levels before and
after vaccination. Others118 studied 124 patients over 75 years of age
with erythrocyte macrocytosis (MCV 
95 fl). Although an elevated
MCV was neither sensitive nor specific for any single disorder, it led
to a specific diagnosis in 65% of the patients and was even higher
(75%) in a subgroup whose MCV was great than 100 fl. In this latter
category, vitamin B

12
or folate deficiency was noted in 37.8% of the

patients. Other diagnoses included myelodysplastic syndrome, re-
fractory anemia and sideroblastic anemia. The authors suggested that
those with macrocytosis not specifically diagnosable at the time of
the study may represent an early sign of the myeloplastic syndrome
or leukemia.

Vitamin B
12

deficiency has been associated with cognitive impair-
ment since pernicious anemia was first described in 1858. However,
diagnosing vitamin B

12
deficiency with primarily neuropsychiatric

manifestations can be difficult in older persons. Indeed, a significant
variety of signs and symptoms including confusion, memory loss,
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depression and hallucinations in people with low serum levels of B
12

have been described in the absence of hematologic abnormalities,
neuropathy or spinal cord degeneration. Conversely, low B

12
levels

are not uncommonly found in cognitively normal older people. Fur-
thermore, some cognitively deficient elderly individuals with low B

12

levels may have ischemic dementia, Alzheimer’s disease or some other
abnormality. In a longitudinal observational investigation, Crystal
et al.119 studied a cohort of 410 non-demented ambulatory people
aged 75 to 85 years. Of these, 22 had vitamin B

12
levels below 150 pg/mL.

During the five-year follow-up, three of the 22 B
12

deficient patients
became demented (13.6%) compared with 57 of the 388 subjects
(14.7%) with higher levels. There were no hematologic abnormali-
ties in any of the patients with low B

12
levels. Moreover, none of the

three patients with low B
12

levels who become demented responded
to monthly B

12
 injections.

Although often quoted as a cause of reversible dementia, the relation-
ship is thought by some to be generally associated with psychiatric
morbidity other than dementia.120 For example, Penninx and associates121

measured serum levels of vitamin B
12

, folate, methylmalonic acid and
homocysteine in 700 disabled, non-demented women 65 years of age
and older. Depressive symptoms were measured by means of the Geriat-
ric Depression Scale and categorized as no depression, mild depression
or severe depression. The authors concluded that metabolically signifi-
cant cobalamin deficiency is associated with a two-fold risk of severe
depression. In addition, Chandra122 recently reported that cognitive func-
tions improved significantly after one year in a group of elderly men and
women placed on a multivitamin/mineral supplement.

Iron

Iron deficiency, the most common nutritional deficiency worldwide,
has numerous negative health effects. These include changes in
immune function, energy metabolism, work capacity, and motor and
mental development.123,124 Although iron deficiency is primarily a very
serious problem in underdeveloped countries, it continues to be rela-
tively common in the US, especially in certain age/sex groups. For
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example, Looker et al.125 examined 24,894 Americans aged one year
and older from 1988 to 1994. Their results showed the following: 9%
of toddlers aged one to two years and 9% to 11% of adolescent girls
and women of childbearing age were iron deficient; iron deficiency
anemia was present in 3% and 2% to 5%, respectively. Thus, about
700,000 American toddlers and 7.8 million adolescent girls and
women of childbearing age were iron deficient and 240,000 toddlers
and 3.3 million females of childbearing age had iron deficiency
anemia. Among persons aged 50 years and older, iron deficiency
was estimated to be no greater than 7%.

Trace elements

The major essential trace elements include fluorine (bone and teeth),
zinc (metalloenzymes), copper (enzyme cofactor), iodine (thyroid
hormone), vanadium (metalloenzymes), selenium (enzymes),
manganese (metalloenzymes), molybdenum (enzyme cofactor) and
cobalt (vitamin B

12
). A few examples of the less appreciated essen-

tial elements follow.

Selenium plays a key role in protecting cells against free radicals
since it is a critical component of glutathione peroxidase, an antioxi-
dant enzyme.72 As such, low levels have been associated with several
diseases, including cancer (discussed in later sections). Selenium also
modulates the immune system.126

Zinc is a highly important component of numerous proteins, includ-
ing the cytoplasmic antioxidant enzyme superoxide dismutase (Cu/
Zn-SOD).72 Another essential role, among others, is that it protects
protein sulfhydryl groups (-SH) from oxidation by competing with
various transition metals (e.g. iron, nickel, cadmium, copper, etc.)
that convert hydrogen peroxide to the potent hydroxyl free radical.106

Other trace elements, including manganese and copper, are impor-
tant enzyme components although their effects are not fully under-
stood. For example, copper is both an antioxidant [component of
cytoplasmic superoxide dismutase (Cu/Zn:SOD)] and prooxidant
since the cuprous ion can convert hydrogen perioxide to the hydroxyl
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radical (Fenton reaction.)72 Manganese is also an important antioxi-
dant since it is a component of the mitochrondrial superoxide
dismutase (Mn:SOD).

In summary, a healthy diet and perhaps a multivitamin and mineral
supplement, especially for the elderly, may be the best way to slow
the aging process and reduce the risk of the various common age-
associated diseases discussed in subsequent sections of this chapter.

Arteriosclerosis: Coronary Heart Disease,
Ischemic Stroke and Peripheral Vascular Disease

Although the incidence of coronary heart disease (CHD) has pro-
gressively decreased since the 1960s, it clearly remains the leading
cause of death in the US and other industrialized nations; cerebrovas-
cular disease (CVD) is the third leading cause of death. Together,
they closely approach the total of the other eight major causes of
death in the US (Chapter 1, Table 1.1). Moreover, arteriosclerosis,
the primary cause of CHD, stroke and peripheral vascular disease is
responsible for about 40% of total mortality in Europe, Japan and the
US. Furthermore, a recent study found that the lifetime risk of devel-
oping CHD at age 40 years is one in two for men and one in four for
women.127 The authors emphasized that this information should pro-
mote efforts in education, screening and treatment to prevent CHD
in the elderly as well as in young adults. With respect to sex, it is
emphasized that CHD is not just a man’s disease; it is also clearly the
leading cause of death in women. Following menopause, the inci-
dence of CHD in women parallels that of men.

The commonly recognized risk factors for arteriosclerosis are age,
sex, obesity, smoking, physical inactivity, increased plasma lipids
(total cholesterol, low-density lipoproteins, others) and decreased
high-density lipoproteins (HDL). Less appreciated important risk
factors include increased hematocrit and plasma levels of fibrino-
gen, factors VII and VIII, homocysteine, leukocyte count (neutrophil
count), uric acid, iron and C-reactive protein, decreased serum
albumin and clinical depression (Chapter 1).37,128,129 Additional risk
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factors for ischemic stroke include hypertension, asymptomatic ca-
rotid artery stenosis, increased alcohol consumption (more than five
drinks a day) and atrial fibrillation.130

The pathogenesis of arteriosclerosis is still not completely under-
stood, but a highly significant forward step was made in 1979. Here,
Goldstein et al.131 postulated that modification of low density
lipoproteins (LDL), recognized by the acetyl-LDL cell receptor
(“scavenger” receptor), but not the normal LDL receptor, may be
required for lipid loading of macrophage-derived foam cells. Subse-
quent studies showed that LDL is initially minimally modified
(MM-LDL) in the arterial subendothelial space.132 Here, MM-LDL
can induce leukocyte-endothelial cell adhesions and promote
secretion of both monocyte chemotactic protein-1 and macrophage
colony-stimulating factor (MCSF) by endothelial cells. This leads to
monocyte binding to endothelial cells and their subsequent migra-
tion into the subendothelial space where MCSF stimulates their
conversion into macrophages. These macrophages further oxidize
MM-LDL to oxidized LDL which is then taken up by the “scaven-
ger” receptor system. Importantly, oxidized LDL is chemotactic for
monocytes and T-cells which can result in further recruitment into
the developing atheroscleorotic lesion. Furthermore, oxidized LDL
is toxic to macrophages and thereby inhibits their motility, prevent-
ing their re-entry into the circulation.133,134 Here they remain and con-
tinue to phagocytize oxidized LDL and eventually become micro-
scopically recognized “foam” cells. The recognition that oxidized LDL
may account for the presence of foam cells led to the oxidation
hypothesis of arteriosclerosis.135 The following is a brief summary of
this widely accepted theory.

(1) Circulating monocytes are recruited by a chemotactic factor
produced by endothelial cells due to locally-produced toxic
oxidized LDL.

(2) Monocytes attach to the endothelial cells before entering the
subendothelial space where they phagocytize and oxidize
LDL. However, oxidized LDL is also toxic to the monocytes/
macrophages and they are unable to re-enter the circulation.
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(3) There is enhanced macrophage uptake of LDL by the acetyl-LDL
receptor with the formation of foam cells.

(4) Oxidized LDL cytotoxicity may increase the entry of LDL into
the monocytes/macrophages in the early phases with loss of some
endothelial functions.

There is considerable basic research, as well as epidemiologic and clini-
cal evidence, that further supports the free radical oxidative theory of
atherosclerosis.

(1) Oxidized LDL extracted from atherosclerotic lesions has all of
the physical, immunological and biological properties attributed
to in vitro preparations of oxidized LDL.

(2) Autoantibodies to epitopes of oxidized LDL are bound to athero-
sclerotic lesions and in the serum of both laboratory animals and
humans.

(3) Studies of serum antioxidant reserve and dose-response of free radi-
cal trapping by antioxidants correlate with antioxidant levels.

(4) Numerous epidemiologic studies show an inverse relationship
between dietary and/or plasma concentrations of antioxidants and
ischemic heart disease.

(5) Atherogenesis can be inhibited or slowed in hypercholesterolemic
animals and non-human primates by the administration of
various antioxidants.

As a final note, a very recent study adds further support for the LDL
oxidation theory of atherogenesis.136 Here, oxidized LDL was mea-
sured in 135 patients with acute myocardial infarction (AMI; n � 45),
unstable angina pectoris (n � 45), stable angina pectoris (n � 45),
and in 46 control subjects. In addition, oxidized LDL was
immunohistochemically evaluated in 33 atherectomy specimens ob-
tained from different cohort of patients with unstable angina pectorus
(n � 23) and stable angina pectorus (n � 10). The results showed
that AMI patients had significantly higher oxidized LDL levels than
both groups with angina, as well as the control group. Moreover, in
the atherectomy specimens, the oxidized LDL positive
macrophages in the surface area were significantly higher in patients
with unstable angina than in those with stable angina.
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Antioxidants and experimental atherogenesis

In addition to numerous basic publications that support the oxidative
stress hypothesis of arteriosclerosis, most albeit not all, studies in-
volving laboratory animals and humans indicate that antioxidants are
anti-atherogenic.

Vitamin E (alpha-tocopherol)

As noted above, the initial atherosclerotic event involves the attach-
ment of circulating monocytes to the arterial endothelial surface. These
phagocytic cells then enter the subendothelial space and phagocytize
the oxidized LDL particles. In this regard, it was recently demon-
strated that vitamin E (alpha-tocopherol) has an anti-atherogenic
effect on human monocytes.137 In this study, monocytes from alpha-
tocopherol-supplemented humans had a significant decrease in the
release of reactive oxygen species (ROS), lipid peroxidation, IL-1
beta secretion and monocyte endothelial cell adhesion compared with
the non-supplemented controls. Moreover, when LDL is oxidatively
stimulated (i.e. exposure to macrophages and copper ions) a lag phase
precedes the oxidation of polyunsaturated fatty acids. During this
lag phase, the various antioxidants disappear, alpha-tocopherol be-
ing the first and beta-carotene the last.138 These latter authors noted
that the in vitro loading of LDL with vitamin E resulted in a linear
increase in the oxidative resistance as the vitamin E concentration
increased. Jialal et al.139 subsequently reported similar results in
human plasma when they showed that the time-course curves of LDL
oxidation, lag phase and oxidation rate were dependent on the oral
dose of alpha-tocopherol. In addition, humans supplemented with
vitamin E have increased LDL alpha-tocopherol levels and LDL
oxidative resistance and decreased oxidized LDL cytotoxicity to
cultured endothelial cells.140

Yoshida and coworkers141 noted that the increased risk for CHD in
patients with type 2 diabetes cannot be completely explained by the
presence of conventional risk factors. They compared the lag time of
LDL oxidation with the vitamin E/lipid peroxide ratio of LDL in
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patients with diabetes with two control groups (non-diabetes with
hypertriglyceridemia and normotriglyceridemia) and found a signifi-
cant shortening of the lag time in those with type 2 diabetes (mean
43, 48 and 54 minutes, respectively). After regression analysis, their
data suggested that LDL in patients with diabetes is more suscep-
tible to oxidative modification primarily due to reduced vitamin E/
lipid peroxide ratios. They suggested that enhanced susceptibility of
LDL to ROS may be the major factor underlying the increased inci-
dence of vascular disease in those with type 2 diabetes. In a related
study, troglitazone, a novel anti-diabetic drug which has structural
similarities with vitamin E, was shown to increase the resistance of
LDL to oxidation by over 20%.142 More specifically, troglitazone
therapy was associated with a significant reduction in the amount of
preformed LDL hydroperoxides, suggesting that it has significant
antioxidant activity and may be of benefit to diabetics.

Prasad and Kalra143 compared the atherogenic effects of a high
cholesterol diet in vitamin E-supplemented rabbits with non-
supplemented controls. They measured blood concentrations of total
cholesterol, LDL, HDL, triglycerides and malondialdehyde (MDA),
a product of lipid perioxidation. The atheomatous lesions in each
rabbit aorta were examined by both gross and microscopic techniques
(MDA was quantified in both the atheromatous lesions and blood).
Their results clearly demonstrated that the vitamin E supplemented
rabbits had significantly lower MDA blood and tissue levels and less
severe aortic atheromatous changes.

Sun and associates144 fed male New Zealand white rabbits an athero-
genic diet which produced hypercholesterolemia. The rabbits were
then divided into three groups according to their antioxidant
supplements: (1) intravenous injection of beta-carotene; (2) dietary
supplementation with alpha-tocopherol; and (3) a combination of both
antioxidants. Their findings showed that intravenous beta-carotene
significantly decreased serum total and LDL cholesterol levels, tho-
racic atherosclerotic lesions and aortic intimal thickness but had no
effect on LDL oxidation compared with the controls. Added
alpha-tocopherol significantly decreased LDL oxidation, aortic
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atherosclerotic area and aortic intimal thickness, but had no effect on
plasma total or LDL cholesterol levels compared with the controls.
The combined antioxidants significantly reduced total and LDL
cholesterol levels, susceptibility of LDL to oxidation, atherosclerotic
lesion area and aortic intimal thickness. Vitamin E supplementation
has also been shown to be effective in reducing experimentally-
induced atherosclerosis in primates.145 Thus, vitamin E supplemen-
tation not only prevented atherosclerosis in monkeys, but resulted in
regression of established atherosclerotic lesions.

Increased total body iron is a risk factor for atherosclerosis.146 In ad-
dition, iron is capable of oxidizing LDL in vitro. However, since it
was unknown whether increased dietary iron could alter LDL in vivo,
these workers sought to determine whether increased dietary iron
results in increased LDL-cholesterol oxidation and, if so, whether
antioxidants can prevent such changes. Here, three groups of rats
received diets differing only in iron content (35, 50 and 300 mg/kg).
The results showed that dietary iron not only increased LDL-VLDL
lipid perioxidation (MDA and lipid hydroperoxide concentrations),
but protein modification (i.e. changed sulfhydryl concentration).
Increased iron levels led to an even higher degree of oxidative change
and protein modification. However, alpha-tocopherol and beta-
carotene supplementation prevented these oxidative changes.

Using data from the Cholesterol Lowering Atherosclerosis Study
(CLAS), Asen et al.147 studied a group of non-smoking 40- to
59-year-old men with previous bypass graft surgery. The rate of
preintrusive atherosclerosis was determined using high-resolution B-
mode ultrasound quantification of the common carotid artery far wall
intima-media thickness (IMT). Their results showed that those supple-
mented with 100 or more IU of vitamin E per day had significantly
less carotid IMT progression compared with low vitamin E users.
Vitamin C supplementation (�250 mg/d) had no measurable effect.
In a related study, Mezzetti and associates148 assessed arterial
(internal mammary artery) and plasma levels of vitamins C and E
and lipid peroxidation products in 48 males (24 smokers, 24 non-
smokers) undergoing coronary bypass surgery. They found that
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vitamins C and E levels were significantly lower and lipid peroxidation
products significantly higher in smokers compared with non-
smokers. Plasma vitamin C and E levels were strongly related to their
tissue content in both smokers and non-smokers. In addition, vita-
min E content was significantly associated with that of vitamin C
only in the arterial tissue of both groups, suggesting the existence of
a functional interaction between these antioxidants. As predicted based
on their solubility, lipid peroxidation products were significantly and
inversely related to the concentrations of vitamin C in plasma and
vitamin E in tissue in both groups. The severity of coronary athero-
sclerosis was inversely and directly correlated with the arterial levels
of vitamin E and lipid peroxidation products respectively in both
smokers and non-smokers. However, no correlation was found
between the severity of atherosclerosis and the content of vitamins
and lipid peroxidation products in plasma.

Vitamin C (ascorbic acid)

Vitamin C forms the first line of antioxidant defense in human plasma
exposed to various oxidative insults, including aqueous free radicals,
activated neutrophils and cigarette smoke.149 Vitamin C has also been
shown to be a very effective antioxidant in its ability to protect LDL
cholesterol against oxidation.150 Thus, Frei et al.151 demonstrated that
vitamin C is the most effective aqueous-phase antioxidant in human
plasma. Although ascorbic acid is a water soluble antioxidant and
therefore not present in LDL particles, it delays LDL oxidation by
sparing fat-soluble antioxidants (e.g. vitamin E) present in LDL
particles. This antioxidant-sparing property appears to be somewhat
vitamin C-specific since probucol, at an equipotent antioxidant con-
centration, showed no sparing effect of vitamin E or beta-carotene.152

However, as might be expected due to its fat insolubility, vitamin C is
significantly less effective than vitamin E in the prevention of
lipoprotein oxidation in vitro.153 Here, vitamins C and E were orally
administered to healthy male and female volunteers. Plasma lipopro-
teins were isolated before and after vitamin supplementation and
incubated with copper. Administration of both vitamins resulted in
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57% decrease in lipid peroxidation products (i.e. thiobarbituric acid
reactive substances); vitamin E alone resulted in a 52% decrease while
vitamin C alone reduced the oxidation products by 15%.

Endothelial dysfunction in coronary and peripheral arteries occurs
in atherosclerosis, hypercholesterolemia, smoking and hypertension.
This results in loss of endothelium-dependent vasodilatation and is
associated with decreased production and/or enhanced degradation
of endothelium relaxing factor (i.e. nitric oxide; NO). Several stud-
ies have shown that vitamin C, whether infused or chronically
ingested, improves the defective vasodilatation associated with these
clinical disorders.154–157 More specifically, Heitzer et al.154 found that
in control subjects (non-smokers), vitamin C had no effect on
forearm blood flow in response to acetylcholine, an endothelium-
dependent vasodilator. However, in chronic smokers the attenuated
forearm blood flow response to acetylcholine were markedly improved
by concomitant administration of vitamin C. Others155 demonstrated
that vitamin C improves endothelium-dependent vasodilatation in the
forearm resistance vessels in hypercholesterolemic patients. More-
over, Gokee and coworkers156 reported that in patients with coronary
artery disease (CAD), long-term “ascorbic acid treatment may
benefit patients with CAD.”

A more recent publication157 indicated that vitamin C has a
“sustained benef icial effect” on endothelium-derived nitric
oxide action and that the prognostic impact of endothelial dys-
function and vascular oxidative stress on cardiovascular events
in patients with CAD. Here, endothelium-dependent and inde-
pendent vasodilation was determined in a group of patients with
documented CAD by measuring forearm blood flow responses
to the vasodilators, sodium nitroprusside and acetylcholine. The
effect of vitamin C coadministration was assessed in a subgroup
of patients. Cardiovascular events, including myocardial infarc-
tion, ischemic stroke, coronary angioplasty and coronary or
peripheral bypass surgery were studied. Their findings showed
that patients experiencing cardiovascular events had lower
vasodilator responses to both sodium nitroprusside and
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actelycholine. Conversely, vitamin C administration resulted in
greater benefit. The authors suggested that increased vascular
oxidative stress, as demonstrated by the positive response to
vitamin C, “may represent an important underlying mechanism
for endothelial dysfunction and for the pathogenesis of cardio-
vascular events.” The topic of ascorbic acid and its relation to
endothelial dysfunction was recently reviewed.158

Carotenoids

As with alpha-tocopherol, beta-carotene is lipid soluble. It is not
only a vitamin A precursor, but a very effective quencher of singlet
oxygen and inhibitor of lipid peroxidation. However, this compound
reportedly exhibits effective free radical-trapping activity only at
low (physiologic) oxygen tension.159 Moreover, compared with
vitamin E, it is a relatively weak antioxidant. In human LDL par-
ticles, beta-carotene is consumed only after alpha-tocopherol has
been completely utilized.160 As a result, Frei161 suggested that the
underlying mechanisms whereby beta-carotene is anti-atherogenic
and anti-carcinogenic may be primarily due to factors other than its
antioxidant properties.

Miscellaneous antioxidants and atherogenesis

The initial in vitro study with probucol, a synthetic antioxidant, indi-
cated that it was an effective LDL oxidation inhibitor.162 In addition,
treatment of receptor-deficient Watanabe heritable hyperlipemic
(WHHL) rabbits with probucol was found to inhibit the progression
of atherosclerotic lesions.163 Moreover, Carew et al.164 reported that
the rate of LDL degradation in the macrophage-rich fatty streaks of
probucol-treated WHHL rabbits was reduced to about one-half that
in the rabbits not given probucol. These authors further noted that
most of the LDL degradation in the fatty streaks takes place within
macrophages. In non-lesioned aortas, where macrophages were
scarce, LDL degradation was confined primarily to endothelial and
smooth muscle cells.
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As noted previously, the flavonoids make up a very large group of
multi-ringed phenolic antioxidants that scavenge superoxide, sin-
glet oxygen and lipid peroxy radicals.165 In addition, those with
orthodihydroxy groups can bind metal ions and thereby prevent
free radical formation and oxidative stress. Mammalian
15-lipoxygenase has been implicated early in atherogenesis by
inducing plasma LDL oxidation in the subendothelial space. How-
ever, quercetin and other flavonoids which are rich in brightly
colored fruits and vegetables, reportedly inhibit lipoxygenase
activity. Luiz da Silva et al.166 compared quercetin and several of
its glycosides with ascorbic acid and alpha-tocopherol on rabbit
reticulocyte 15-lipoxygenase-induced human LDL peroxidation.
Their results demonstrated that although all of the tested antioxi-
dants were somewhat effective in inhibiting lipoxygenase-induced
LDL oxidation, quercetin and quercetin glycosides were more
efficient than vitamins C and E. Others167,168 studied the antioxi-
dant effectiveness of trans-resveratrol, a flavonoid rich in red
grapes. They reported that this compound was not only protective
of LDL against copper-catalyzed oxidation, but that it was more
effective than vitamin E. In addition, epicatechin and quercetin,
also present in red grapes, had about twice the oxidative inhibi-
tory capacity of resveratrol. Similarly, Visioli and Galli169 showed
that preincubation of LDL particles with eleuropein, a major
polyphenolic component of olive oil, also effectively inhibits
copper-induced LDL oxidation.

Dihydrolipoic acid, the reduced form of alpha-lipoic acid, has been
described as “a universal antioxidant” since it is active in cell mem-
branes as well as the aqueous phase.170 These workers reported that
dihydrolipoic acid may act as “a strong direct chain-breaking anti-
oxidant.” Thus, lipoic acid enhances the antioxidant potency of other
antioxidants, especially vitamins C and E. More recently, alpha-
lipoic acid was also found to be comparable to vitamin C in improv-
ing nitric oxide-mediated vasodilatation in diabetic patients.171

Moreover, lipoic acid “normalizes lipid perioxidation and prevents
the oxidation of reduced glutathione, possibly through recycling
mechanisms, thereby maintaining normal metabolic function.”172



Nutrition 385

Antioxidants: basic, epidemiologic and clinical studies

Numerous epidemiologic studies and clinical trials have shown that
the overall diet is very important in the pathogenesis of arteriosclero-
sis. As discussed later, there is an extensive literature on specific
nutrients or foods and the risk of CHD. However, relatively little is
known about the role of overall eating patterns and CHD. To examine
this association further, two major dietary patterns (“prudent” and
“Western”) were identified in women aged 38 to 63 years from the
Nurses’ Health Study.173 The prudent pattern was characterized by a
higher intake of fruits, vegetables, legumes, fish, poultry and whole
grains while the Western diet was characterized by higher intakes of
red and preserved meats, sweets and desserts, French fries and
refined grains. After adjusting for confounding coronary risk
factors, the prudent diet was associated with relative risk of 0.76 com-
paring the highest with the lowest quintile. The extreme quintile
comparison was 1.46 for the Western diet. For those who were jointly
in the highest prudent diet quintile and lowest Western diet quintile,
the relative risk was 0.64 compared with those with the opposite
profile pattern.

Hu and Willett174 recently reviewed 147 original and review publi-
cations of metabolic and epidemiologic studies and dietary inter-
vention trials of diet and CHD. They concluded that the evidence is
substantial that diets using non-hydrogenated unsaturated fats as
the major form of dietary fat, whole grains as the major source of
carbohydrates, an abundance of fruits and vegetables and adequate
omega-3 (n-3) fatty acids “can offer significant protection against
CHD.” Moreover, these diets plus regular physical exercise, not
smoking and not being overweight “may prevent the majority of
cardiovascular disease in Western populations.” More specifically,
the major dietary components correlated with arteriosclerosis
include various antioxidants (vitamins C, E and flavonoids), fiber,
saturated and unsaturated fats, trans fatty acids, folic acid and
vitamin B

6
(Table 4.10). The relation between each of these dietary

factors and CHD and ischemic stroke will be presented in
some detail. Although few studies have evaluated the effects of
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multivitamins on heart disease, a prospective study by Rimm
et al.,175 showed that the daily use of a multivitamin was associated
with a lower risk of CHD in women. Moreover, consistent evidence
for the association of low dietary intake of various essential
antioxidants (certain vitamins and other micronutrients) and an
increased risk of CHD has been demonstrated in numerous epide-
miologic and clinical studies.

Mediterranean diet

Although the human genetic profile has not changed significantly
over the past 10,000 or so years, major changes have occurred in our
food supply, energy expenditure and physical activity. Simopoulus176

noted that current diets in industrialized countries are characterized
by the following: (1) an increase in energy intake but decrease in
energy expenditure; (2) an increase in saturated fat, omega-6 (n-6)
fatty acids, and trans fatty acids and a decrease in omega-3 (n-3)
fatty acids; (3) a decrease in complex fatty acids and fiber; (4) an
increase in grains and decrease in fruits and vegetables; (5) a
decrease in protein and calcium; and (6) a marked increase in the
ratio of n-6 to n-3 fatty acids (about 16 : 1 versus 2 : 1). He con-
cluded that the depletion of n-3 fatty acids in Western diets is the
“result of agribusiness, modern agriculture, and aquaculture. The high
ratio of n-6 to n-3 fatty acids in the result of excessive production of
vegetable oils and the indiscriminate recommendation to substitute

Table 4.10: Dietary Factors and Arteriosclerosis

Vitamins C, E, B
6

Folic acid
Flavonoids (polyphenolics)
Dietary fiber (soluble, insoluble)
Fish oils (mainly n-3 fatty acids)
Cholesterol
Total fat and saturated fatty acids
Polyunsaturated fatty acids
Trans fatty acids
Magnesium
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saturated fat and butter with oils high in n-6 fatty acids to lower
serum cholesterol levels without taking into consideration their
adverse effect on overall human metabolism.”

The traditional Mediterranean diet, in contrast to American and
northern European diets, includes significant amounts of fruits, veg-
etables, fish, nuts, seeds, olive oil and wine and a decrease in the
amount of red meat. Interest in the Mediterranean diet was first
noted from the results in the Seven Countries Study by Keys
et al.177 in which they demonstrated that the mortality rate from
CHD in southern Europe was two- to three-fold lower than in north-
ern Europe or the US. Since then, numerous studies have shown
that the traditional Mediterranean diet is associated with a decreased
incidence of both CHD and cancer and an increased life expect-
ancy. Several examples will be cited.

Gjonca and Bobak178 analyzed mortality data from Albania and
found a paradox of high adult life expectancy in this very low-
income country. They concluded that this was best explained by a
diet low in total energy and in meat and milk products, but high in
fruits, vegetables and complex carbohydrates. Others carried out
a randomized prospective prevention trial in 615 patients
recovering from a myocardial infarction in which the Cretan Medi-
terranean diet was compared with the prescribed diet of the Ameri-
can Heart Association.179 After a mean follow-up of 27 months,
recurrent myocardial infarction, all cardiovascular events and car-
diac and total death were decreased by more than 70% in the
Mediterranean diet group compared with those on the commonly
prescribed diet. Importantly, the dietary protective effects were
not related to serum levels of total, LDL or HDL cholesterol.
Rather, the protective effects were related to an increase in plasma
n-3 fatty acids and oleic acid and a decrease in linoleic acid.
Moreover, increased plasma concentrations of vitamins C and E
were present in those consuming the Mediterranean diet. Other
studies by these investigators showed similar positive effects of
the Mediterranean diet in decreasing the incidence of CHD and
possibly cancer.180,181
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Joshipura et al.182 prospectively studied 84,251 women aged 34 to
59 years over a 14-year period and 42,148 men aged 40 to 75 years
over an eight-year period (Nurses’ Health Study and the Health
Professionals’ Follow-up Study, respectively). At baseline, all par-
ticipants were free of diagnosed cancer, diabetes and cardiovascular
disease. After adjustment for the standard cardiovascular risk
factors, the relative risk for persons in the highest quintile of fruit
and vegetables intake was 0.80 compared with the lowest quintile.
For a single daily serving increase in fruits and vegetables, there was
a 4% lower risk for CHD. (The reader is referred to unsaturated fatty
acids under the “Non-Antioxidants and Arteriosclerosis” section.)

More recently, a population-based prospective study of 22,043 Greek
adults examined the association of adherence to a Mediterranean diet
and longevity.183 The results showed that a higher adherence to the
Mediterranean diet were (1) associated with a reduction in total
mortality (adjusted hazard ratio, 0.75); (2) inversely associated with
death from CHD (adjusted hazard ratio, 0.67); and (3) inversely
associated with death due to cancer (adjusted hazard ratio, 0.76).
Unfortunately, a study of people in Olmstead County, Minnesota found
that only 16% of people met the standard dietary recommendations
for consuming five or more servings of fruits and/or vegetables each
day and no more than 35% of calories from fat.184 Moreover, 51%
met neither recommendation.

Vitamin E (tocopherols)

Gey et al.185 reported an inverse relationship between mortality from
CHD and plasma vitamin E levels. These researchers recognized that
many people dying from CHD could not be explained solely by their
blood lipid profiles. This was also true when the blood lipid levels
were combined with other risk factors such as smoking and hyper-
tension. In this large cross-cultural European population study, which
differed six-fold in age-specific CHD mortality, the authors concluded
that the differences were primarily attributable to plasma vitamin E
levels. These findings are in agreement with two subsequent Ameri-
can studies, one involving 87,245 female nurses186 and the other
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38,910 male physicians.187 The ongoing US female nurse study found
that the risk of major CHD among those who took 100 IU supple-
mental vitamin E was 40% lower than women who did not take supple-
mental vitamin E. The results were similar in the male physician study.
Here, in those who consumed at least 100 IU of vitamin E per day,
the multivariate relative risk was 0.63 compared with those who
consumed no vitamin E supplements.

The Established Populations for Epidemiologic Studies of the
Elderly also reported a positive effect for vitamin E on athero-
sclerosis.188 Here, over 11,000 subjects participated in a nine-year
study in which supplemental vitamin E reduced the relative mortal-
ity risk of CHD by 47% and total mortality by 34%. Similarly, Knekt
et al.189 found an inverse association between dietary vitamin E
intake and coronary mortality in both men and women with relative
risks of 0.68 and 0.35 respectively between the highest and lowest
tertiles. They also reported similar associations for the dietary intake
of vitamin C and carotenoids among women.

More recently, the results of a randomized control trial of vitamin E
supplementation in patients with CHD (Cambridge Heart Antioxi-
dant Study) were reported.190 Here, 2002 patients with
angiographically-proven CHD were randomized to take either vita-
min E (400 or 800 IU/day) or placebo. Over 90% of the participants
had angina, evidence of cardiac ischemia, or both. During a mean
follow-up of 17 months, 41 controls and 14 vitamin E recipients suf-
fered a non-fatal myocardial infarction. The authors concluded that
vitamin E supplementation in patients with symptomatic CHD sig-
nificantly reduces the rate of non-fatal heart attacks, with beneficial
effects apparent after one year. In a related study, Miwa et al.191

measured plasma vitamin E levels in 29 patients with active variant
angina (group 1), 13 patients with inactive stage of variant angina
without anginal attacks during the previous six months (group 2),
32 patients with significant coronary artery stenosis and stable
angina (group 3) and a control group of 30 patients without CHD
(group 4). Their results showed that vitamin E levels were signifi-
cantly lower in group 1 than in the other three groups. They also
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noted that plasma vitamin E levels were significantly correlated with
those in the LDL fractions. Moreover, patients in group 1 had
significantly lower levels of vitamin E in LDL fractions than those
in group 4 (controls). The authors further reported that in a sub-
population of group 1, still suffering anginal attacks while receiving
calcium channel blockers, the addition of vitamin E acetate (300 mg/d)
significantly elevated their plasma levels and inhibited the occur-
rence of angina. Similarly, Riemersma and coworkers192 studied 100
patients with angina pectoris and compared them with 394 matched
individuals without anginal symptoms. They found that plasma lev-
els of vitamins C and E and beta-carotene were significantly and
inversely related to the risk of angina; the concentration of vitamin A
was not significant. Importantly, smoking was a confounding factor
and when corrected for, the effect of beta-carotene disappeared.
Although smoking reduced the effect of vitamin C, it was still statis-
tically significant. Vitamin E, however, remained independently and
inversely related to anginal risk after adjusting for age, blood pres-
sure, serum lipid levels, weight and smoking.

Of further interest here is the report by Regnstrom and associates.193

This group evaluated vitamin E levels in both serum and LDL from
64 consecutive male survivors of AMI who were less than 45 years
of age. These serum parameters were associated with the severity of
CHD as assessed by a semi-quantitative scoring system involving
coronary angiograms (global stenosis score). Lipid-adjusted serum
and LDL vitamin E levels were significantly lower in the CHD
patients than in 35 age-matched controls. However, the absolute
serum and LDL vitamin E concentrations did not differ between the
two groups. In addition, there was no association between the serum
concentration or lipid-adjusted serum vitamin E levels and the steno-
sis score. Conversely, a significant inverse correlation was present
between the LDL vitamin E concentration and the global stenosis
score. Of additional interest is the prospective cohort study of 34,486
postmenopausal women (Iowa Women’s Health Study)194 in which
those with no apparent CHD were followed for about seven years.
After adjusting for various risk factors, increased dietary vitamin E
consumption was associated with a decreased risk of death from CHD.
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In particular, the findings suggested that in postmenopausal women
the intake of increased amounts of vitamin E from food was enough
to reduce the incidence of fatal heart disease without the need for
vitamin E supplements. By contrast, the dietary intake of vitamins A
and C was not associated with a lower risk of dying from CHD.

Since obesity is a well known risk factor for atherosclerosis, Kuno
et al.195 determined the antioxidant status of obese girls by measur-
ing the plasma levels of alpha-tocopherol, beta-carotene and LDL.
The investigators found that the plasma alpha-tocopherol/lipids ratio
was significantly lower in obese girls than in normal weight controls,
as were the LDL beta-carotene and LDL alpha-tocopherol levels;
however, no differences were observed in the plasma levels. The LDL
in obese girls also contained more polyunsaturated fatty acids than
normal and their peroxidizability index, a measure of lipid suscepti-
bility to oxidative stress, was significantly higher than the control
group. These results suggest that obese girls may be more prone to
develop atherosclerosis in later life than non-obese girls.

Two additional studies supporting a positive role for vitamin E in
atherogenesis were recently published. In the first, Mazzetti et al.196

assessed whether systemic oxidative stress could predict the risk of
an initial myocardial infarction, ischemic stroke and congestive
heart failure. This longitudinal study from 1992 to 1997 involved
102 apparently health elderly Italians 80 years and older. Their find-
ings showed the following: (1) subjects with plasma vitamin E levels
in the highest quartile had one-sixth the risk of cardiovascular events
compared with those in the lowest quartile; (2) subjects with plasma
levels of oxidized lipids, measured by a fluorescent technique, in the
highest quartile had a seven times greater risk than those with oxi-
dized lipids in the lowest quartile; and (3) there was no association
between vitamin C, beta-carotene or total cholesterol levels and risk
of cardiovascular events. Moreover, multivariate adjustment for other
known risk factors did not alter the results. Others,197 in a cross-
sectional study, evaluated 60 people 75 years and older, 30 of whom
had “vascular successful aging” (VASA) and 30 controls with
moderate carotid artery atherosclerosis. The VASA group had
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significantly higher vitamin E/total cholesterol levels both in plasma
and in isolated LDLs; their LDLs also had greater resistance to
in vitro oxidation. Moreover, the level of fluorescent lipid peroxidation
products was lower in the VASA group compared with the control
group. Multivariate analysis indicated that only plasma vitamin E
levels and fluorescent lipid peroxidation products were independently
associated with VASA.

The preceding more basic research studies involving both laboratory
animals and humans clearly indicate the importance of oxidative stress
in atherogenesis. In addition, numerous observational studies have
shown a significant inverse correlation between vitamin E and vari-
ous atherosclerotic disease processes. However, randomized prospec-
tive trials focused primarily on individuals with existing CHD,
perhaps a more complex situation, the results have been somewhat
inconsistent. For example, a recent report by the Heart Outcomes
Prevention Evaluation (HOPE) Study,198 4761 men and women at
high risk for cardiovascular events were randomly assigned accord-
ing to a two-by-two factorial design to receive either 400 IU of vita-
min E daily or matching placebo and either an angiotensin-converting
enzyme inhibitor or matching placebo over a mean period of 4.5 years.
The major measureable outcome was a composite of myocardial
infarction, stroke and death from cardiovascular disease. Their
results showed no benefits from vitamin E supplementation. Simi-
larly, the Multiple Risk Factor Intervention Trial, a nested case-
control study, found no significant correlation between serum
antioxidant (carotenoids, retinol, alpha-, gamma- and total tocopherol)
levels by quartiles with the risk of death from CHD or non-fatal
myocardial infarction.199

Pryor200 recently reviewed the role of vitamin E and heart disease and
wrote “it is possible, or even likely, that each condition for which
vitamin E provides benefit will have a unique dose-effect curve.”
Moreover, he added that “different antioxidants appear to act syner-
gistically, so supplementation with vitamin E may be more effective
if combined with other micronutrients.” In this regard, Salonen
and associates201 recently studied the efficacy of vitamins C and E
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supplementation on the progression of carotid artery atherosclerosis.
They hypothesized that there might be an “enhanced preventive
effect in men and smokers and synergism between vitamins.”
This randomized study of hypercholesterolemic smoking and non-
smoking men and postmenopausal women was a double-masked two-
by-two factorial trial, randomization in four groups to receive twice
daily either 136 IU d-alpha-tocopherol, 250 mg of slow-release
vitamin C, a combination of the two vitamins, or a placebo for three
years. Disease progression was determined by ultrasonographic
assessment of the common carotid artery mean intima-media thick-
ness. The results showed that the vitamin combination was signifi-
cantly more effective than either vitamin alone in retarding disease
progression. Thus, the proportion of men with carotid atheroscle-
rotic progression was reduced by 74% in those taking both vitamins
compared with placebo.

It is important to recognize that science will never be “complete”
and at some point the “weight of the scientific evidence must be
judged adequate …”200 In any event, supplementation with
100–400 IU/day of vitamin E is safe. Furthermore, the evidence sug-
gests that the major effect of vitamin E is at intake levels at or greater
than 100 IU/day. Since it is difficult to obtain more than 30 IU/d
from a low fat balanced diet, some supplementation is most likely
beneficial in reducing the risk of CHD and various other diseases/
disorders. Indeed, the American Dietetic Association also indicated
that some individuals may require vitamin and/or mineral supple-
mentation in addition to a good diet to ensure adequate nutritional
needs.202 Additionally, Willett and Stampfer203 recently stated that they
“also believe that vitamin E supplements are reasonable for most
middle-aged and older Americans who are at increased risk of
coronary disease.”

Vitamin C (ascorbic acid)

Most of the interest and early clinical evidence that ascorbic acid has
a protective role against atherosclerosis comes from a body of evi-
dence that suggests that this disease is lower in populations that have
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an increased intake of leafy green vegetables and fruit.204 More spe-
cifically, Trout205 reviewed the literature before 1991 and found that
vitamin C deficiency was an important cardiovascular risk factor in
the following situations:

(1) The elderly are generally more likely to consume less fruits and
vegetables and inadequate amounts of vitamin C compared with
younger people.

(2) Sex is an important factor in determining vitamin C status for the
elderly. Older men consistently have lower plasma ascorbic acid
levels than women of similar age and require three times the
amount of dietary vitamin C to achieve comparable levels.

(3) It has long been recognized that smoking is associated with very
low plasma ascorbic acid levels. This is undoubtedly due to the
formation of more than one billion free radicals with each puff
on a cigarette.206

(4) Diabetics have lower plasma and leukocyte ascorbic acid con-
centrations than non-diabetics.

As with vitamin E, studies regarding the correlation of vitamin C
intake and arteriosclerosis have been mixed. In a large-scale study
involving over 11,000 elderly non-institutionalized American adults,
there was a significant correlation between vitamin C intake from
food and/or supplements and lower cardiovascular mortality.207 In
addition, after adjustment for smoking, disease history, race and edu-
cation level, men whose vitamin C intake was �500 mg/day lived,
on average six years longer than those whose intake was �500 mg/
day. Harats et al.208 studied the effects of vitamin C in healthy male
students consuming a diet high in saturated fatty acids. After a one-
month period, during which each participant consumed about 50 mg
ascorbic acid daily (low-C diet), half of the subjects were randomly
assigned to 500 mg ascorbic acid/day (high-C diet) for two months
while the other half continued to receive 50 mg/day. Mean plasma
ascorbate levels increased from 13.5 umol/L for those on the low-C
diet to 51.7 umol/L for those on the high-C diet. Importantly, those
on the high-C diet had a significant increase in the lag period of
in vitro LDL oxidation (test measures reserve antioxidant
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capacity) which correlated with plasma ascorbate levels. Since LDL
vitamin E levels were unchanged with the two diets, the authors con-
cluded that this was presumptive evidence for an interaction between
aqueous and lipophilic antioxidants in preventing or delaying LDL
oxidation (similar to data cited in Ref. No. 148). Nyyssonen et al.209

also reported that vitamin C deficiency, as assessed by decreased
fasting plasma ascorbate levels, is an important risk factor for CHD.
In this study, using a Cox proportional hazards model adjusted for
age, year of examination and season of the year, men who had
vitamin C deficiency (plasma levels less than 11.4 umol/L; 2.0 mg/L)
had a relative risk for myocardial infarction of 3.5 compared with
those who had normal plasma levels.

More recently, Vita and associates210 investigated the relations be-
tween plasma antioxidant status and the degree of atherosclerosis
and coronary artery disease activity in 149 patients undergoing car-
diac catheterization (65 patients had stable angina, 84 had unstable
angina or a myocardial infarction within two weeks). Their results
showed that age, diabetes mellitus, male gender and hypercholester-
olemia were all independent predictors of the severity of atheroscler-
osis. However, none of the 12 measured plasma antioxidant/oxidant
markers correlated with the extent of atherosclerosis. However, lower
plasma ascorbate levels predicted the presence of an unstable coro-
nary syndrome. Moreover, when only patients with significant coro-
nary artery disease were evaluated, plasma ascorbate and total thiol
levels both predicted the presence of an unstable coronary syndrome,
but did not predict the severity of atherosclerosis. The authors con-
cluded that their data was consistent with a protective role for anti-
oxidants in coronary artery disease by influencing lesion activity rather
than reducing the extent of the atherosclerotic process.

Others211 studied the relationship between dietary and supple-
mented vitamins C, E and carotenoids and the average carotid
artery thickness in 6318 women and 4989 men aged 45 to 64 years.
Their findings in both sexes aged 55 years and older showed an
inverse relationship between vitamin C intake and average artery
wall thickness after adjusting for age, BMI, serum glucose level,
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blood pressure, HDL and LDL cholesterol, total caloric intake,
smoking, race and education level. Interestingly, the authors also
reported an inverse relationship between arterial wall thickness
and vitamin E intake among women but not men. Conversely, in a
study involving only men, supplementary and dietary vitamin E
intake was inversely associated with coronary artery lesion
progression but no benefit was found for dietary or supplemen-
tary vitamin C.212

More recently, a group of healthy elderly men and women were sub-
jected to vitamin C supplementation.213 Lipids, lipid peroxidation,
enzymatic and non-enzymatic antioxidant status were evaluated af-
ter 30, 60 and 90 days. Prior to supplementation, the activities/levels
of enzymatic and non-enzymatic antioxidants were decreased whereas
lipid peroxidation was increased. However, vitamin C supplementa-
tion decreased the concentrations of lipoperoxides, cholesterol,
triacyglycerol and phospholipids, and increased the activities of the
enzymatic antioxidants (e.g. superoxide dismutase, catalase, glu-
tathione peroxidase, glutathione reductase and glutathione-S
transferase). In addition, the levels of vitamins A, C and E were
significantly increased.

As with vitamin E, most clinical studies support a cardioprotective
effect of vitamin C, although the results have been insconsistent and
somewhat confusing. In contrast to the basic studies whereby the
effects of a single variant can be reliably measured and analyzed,
clinical studies are more difficult to evaluate due to numerous inter-
acting biological processes. As a result, it is not too surprising that
the results of these studies are somewhat inconsistent and may lead
to various interpretations.

Vitamin A/carotenoids

Observational epidemiologic studies suggest that those who consume
higher dietary levels of fruits and vegetables rich in beta-carotene
have a lower risk of CHD.214 However, the plasma concentration of
vitamin A is controlled by a hemostatic mechanism involving



Nutrition 397

retinal-binding protein.215 As a result, an increase in dietary vitamin
A does not result in a long-term increase in circulating and tissue
levels since the excess is stored in the liver. As a result, an increase in
dietary vitamin A may not have any preventive effect on the inci-
dence of disease that involve free radical mechanisms.216 However,
not all dietary beta-carotene is converted to retinal; some is absorbed
and distributed unaltered.217 Moreover, the concentration of lycopene
is slightly higher than that of beta-carotene and is a significantly more
efficient quencher of singlet oxygen.218

With regards to the effectiveness of the carotenoids in the
preventiuon of LDL oxidation, studies have been mixed with some
showing that beta-carotene is an effective antioxidant219,220 while
others have not demonstrated a positive antioxidant effect.221,222

Moreover, the major clinical studies have generally not shown the
carotenoids to be protective of atherogenesis. For example,
Hennekens et al.223 published data from their 12-year study of 11,036
healthy physicians randomly assigned to receive beta-carotene and
11,035 assigned a placebo. They reported “virtually no early or late
differences in the overall incidence” of CHD or in overall
mortality. These results are in agreement with two other large
clinical studies.224,225

Flavonoids

A high intake of dietary saturated fat is well-known to be a very
important risk factor for CHD. It is somewhat paradoxical that
the French have comparable plasma cholesterol levels and a
relatively high dietary intake of fat compared with other Western
countries, yet the incidence of CHD is lower (so-called “French
Paradox”). This phenomenon has been attributed, at least in part,
to their higher dietary intake of flavonoids (Fig. 4.3), which are
rich in red/purple grapes (i.e. red wine226), olives and green tea,227

as well as various brightly colored fruits and vegetables.

Hertog et al.165 measured the concentration of certain flavonoids,
including quercetin, in various foods. They then assessed the total
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intake of flavonoids by Dutch men aged 65 to 84 years and followed
them for five years. After adjustment for age, BMI, smoking, serum
total and HDL cholesterol, blood pressure, physical activity, coffee
consumption, vitamins (C, E and beta-carotene) and dietary fiber, a
decreased risk for CHD was still significant in those with higher lev-
els of flavonoids. More recently, these authors completed a ten-year
follow-up of the Zutphen Elderly Study and re-calculated the
relative-risk estimates.228 They reported that the relative risk of a coro-
nary event among men in the highest tertile compared with the
lowest tertile of flavonoid intake was 0.47. They also noted that
flavonol intake was inversely associated with all-cause mortality. The
authors concluded that their current results strengthened their initial
findings and showed a dose-response relationship between flavonol
(mainly quercetin) intake and a first myocardial infarction, as well as
the risk of CHD mortality.

In agreement with these studies, Knekt and associates229 reported their
findings based on data from 5133 Finnish men and women aged 30
to 69 years and free from heart disease at baseline (years 1967–1972);
the cohort was followed until 1992. The primary outcome measures
were dietary flavonoid intake, total mortality and mortality from CHD.
After adjusting for age, smoking, serum cholesterol level, blood pres-
sure and BMI, they concluded that individuals with a low intake of
flavonoids had a significantly higher risk of CHD than those with a
high flavonoid intake.

As indicated above, numerous basic studies, along with several clini-
cal trials have shown that flavonoids are excellent antioxidants and
are protective of CHD. However, as with vitamins C and E, not all
clinical studies are in agreement. For example, Rimm et al.230

reported a prospective cohort study involving 34,789 American male
health professionals and compared their dietary intake of flavones
and flavonols with the incidence of non-fatal myocardial infarction
between 1986 and 1992. They concluded that their data did not sup-
port a strong inverse association between flavonoid intake and total
CHD. However, this study did not exclude the possibility that these
antioxidants have a protective effect in men with previously
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established cardiovascular disease. Moreover, several more recent
reports231–233 reaffirmed a prior Israeli study234 which showed that the
consumption of red wine (rich in polyphenols) but not white wine,
reduced the propensity of plasma LDL to undergo lipid peroxidation
in response to copper ion stimulation as determined by the decreases
in the concentration of various lipid peroxidation products
(e.g. thiobarbituric acid reactive substances, lipid peroxides, conju-
gated dienes and a significant prolongation of the lag phase
before oxidation).

Stein and associates232 assessed the effect of ingesting purple grape
juice on vascular endothelial function and LDL susceptibility to
oxidation in patients with coronary artery disease. Here, short-term
(i.e. 14 days) ingestion of purple grape juice improved the
flow-mediated vasodilatation of the brachial artery and reduced the
oxidation of LDL suggesting that flavonoids may prevent cardio-
vascular events independent of the alcohol content of wine.
Furthermore, Folts235 not only found that red wine and purple grape
juice enhances platelet and endothelial production of the vasodila-
tor nitric oxide, but that 5.0 ml/kg of red wine or 5–10 ml/kg of
purple grape juice inhibits platelet activity. Others236–238 have also
shown that purple grape juice inhibits platelet aggregation and sup-
presses platelet-mediated thrombosis, thereby decreasing the risk
of cardiovascular events.

A recent meta-analysis of wine consumption showed “evidence
of a significant inverse relation between light-to-moderate wine
consumption and vascular risk.”233 Here, from 13 studies
involving 209,418 persons, the relative risk of vascular disease
associated with wine intake was 0.68 relative to non-drinkers.
Interestingly, strong evidence from ten studies involving 176,042
persons supported a J-shaped relationship between the amount of
red wine intake and vascular risk. Thus, a significant inverse
association was found with daily intake up to 150 ml of red wine.
Perhaps the failure of a couple of studies to show an inverse rela-
tion between red wine consumption and CHD is due to technique
differences.231
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Non-antioxidants and arteriosclerosis

Cholesterol and saturated fatty acids

Cholesterol, normally produced in the liver, is an essential com-
pound; it is needed for the synthesis of some hormones, as well as
being a necessary component of cell membranes. An increased
plasma cholesterol level is, however, a well-known major risk
factor for arteriosclerosis (CHD, ischemic stroke and peripheral vas-
cular disease). About 70% of plasma cholesterol is circulated in the
form of low density lipoprotein (LDL-cholesterol; LDL-C), the so-
called “bad” cholesterol. A lesser amount of cholesterol circulates
with high-density lipoprotein (HDL-C; “good” cholesterol). The
total plasma cholesterol target is 200 mg/dL (5.18 mmol/L) or less.
Nevertheless, total cholesterol misclassifies a person about 40% of
the time. That is, a person can have a plasma cholesterol of 240 mg/dL
and be at little risk or a total cholesterol of 200 and be at increased
risk. The total cholesterol/HDL-C ratio is a very reliable risk indi-
cator, the higher the ratio, the greater the risk.239 These authors noted
that a ratio of 3.5 or less would approach the “ideal,” but recog-
nized this would not be possible for most Americans since an esti-
mated 90% would then require treatment. As a compromise, they
recommended a cutoff ratio of 4.5 for all adults. Using these fig-
ures, a ratio of 7.1 and 9.6 would double the relative risk for women
and men, respectively. Thus, a total cholesterol of 200 mg/d (target
level) but an HDL of 20 mg/dL doubles the risk in men and almost
triples the risk for women. Importantly, the risk ratio is consider-
ably more meaningful than a mere number. Furthermore, the ratio
holds for men, women and the elderly. It should also be recognized
that exercise generally increases HDL-C and thereby lowers the ratio
(relative risk for Boston marathoners, 3.1; for vegetarians, 2.9239).
Additionally, the risk for ischemic stroke is significantly increased
in those with low HDL-C levels.240

Dietary modification is essential in reducing increased choles-
terol levels. One should begin with a diet high in fiber and low in
cholesterol and other fatty substances, especially saturated fats
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which are rich in butter, cheese, beef, pork, etc. In a randomized
trial, Knopp et al.241 studied 444 men with LDL-C levels above
the 75th age-specif ic percentile. These hypercholesterolemic
participants were randomized to diets consisting 30%, 26%, 22%
and 18% fat. Mean percent LDL-C reductions were 5.3%, 13.4%,
8.4% and 13.0% Moreover, the corresponding apolipoprotein
B levels decreased 8.6%, 10.7%, 4.3% and 5.3%. Thus, moderate
dietary fat restriction significantly reduced LDL-C and apoprotein
B levels after one year.

Increased dietary intake of trans fatty acids, which raises plasma
cholesterol levels, also increases the incidence of CHD. These fatty
acids are produced when vegetable oils are hydrogenated to so-
lidify them (i.e. some margarines and other food items). Since the
relation between trans fatty acids and CHD was still unclear in
the 1990s, Hu et al.242 prospectively studied 80,082 women
(Nurses’ Health Study) aged 34 to 59 years. Their findings sup-
ported prior studies that replacing saturated and trans fatty acids
with monounsaturated and polyunsaturated fats was more
effective in preventing CHD than reducing overall fat intake. In
addition, the recently published Zutphen Elderly Study,243 which
involved 667 men aged 64 to 84 years between 1985 and 1995,
reported the average trans fatty acid intake decreased from 4.3%
to 1.9% of total energy. After adjustment for age, BMI, smoking
and dietary covariates, trans fatty acid intake at baseline was posi-
tively associated with the risk of CHD.

The National Cholesterol Education Program (NCEP) recommends
beginning with the step 1 diet (30% of calories from total fat, 10%
from saturated fat, and �300 mg of cholesterol/day). The step 2
diet (7% of calories from saturated fat and �200 mg of
cholesterol/day) is recommended if the step 1 diet fails to adequately
reduce the serum cholesterol level. However, for many people these
minimal goals may not be achieved. If these and other lifestyle
changes (i.e. decreased fat intake, caloric reduction, increased
dietary fiber and exercise) are not successful, oral medications
should probably be considered.244–247
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Indeed, diet has been considered by some as relatively ineffective in
reducing blood cholesterol levels.248 To compare the effects of a
dietary portfolio of cholesterol-lowering food versus lovastatin,
Jenkins and associates249 carried out a randomized controlled trial
involving hyperlipidemic men and women (mean age, 59 years; BMI,
27.6 kg/m2). The participants were randomly assigned to one of three
interventions: control diet very low in saturated fat (e.g. whole-wheat
cereals and low-fat dairy foods); the same diet plus lovastatin (20 mg/
day); or a portfolio diet high in plant sterols, soy protein, viscous
fibers and almonds. Their results showed mean decreases in LDL-C
of 8.0%, 30.9% and 28.6% for the control, statin and portfolio diets,
respectively. Moreover, the respective reductions in serum C-reactive
protein levels were 10.0%, 33.3% and 28.2%. Thus, although a diet
low in saturated fat resulted in a mild improvement in serum LDL-C
and C-reactive protein, the portfolio diet was as effective as a low
saturated-fat diet plus statin medication.

Dietary fiber

Since the minimal goals of the NCEP steps 1 and 2 diets may not be
successful, other dietary changes should be recommended. Numer-
ous studies have shown that both water-soluble and -insoluble fibers
are hypocholesterolemic agents. Water-soluble fibers are concentrated
in fruits, dried beans, legumes, barley psyllium and whole grains while
insoluble fibers are rich in whole wheat products, wheat and corn
bran, and various fruits and vegetables (e.g. cauliflower, green beans,
potatoes, fruit and vegetable skins).

In an early dose-controlled study, 156 adults with LDL-C levels greater
than 160 mg/dL (4.14 mmol/L) or between 130 and 160 mg/dL (3.37
to 4.14 mmol/L) were randomized to one of seven groups.250 Six
groups received either oatmeal or oat bran (28 g, 56 g and 84 g). The
seventh group received 28 g of farina (beta-glucan, a water-soluble
fiber). After six weeks, the groups who were receiving 84 g of oatmeal,
56 g of oat bran and 84 g of oat bran had LDL-C decreases of 10.1%,
15.9% and 11.5%, respectively. Moreover, 56 g of oatmeal, which
contains more beta-glucan than oatmeal, resulted in a significantly
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greater decrease in plasma LDL-C levels than those receiving 56 g
of oatmeal, suggesting that beta-glucan is particularly effective in
lowering LDL-C levels. In a later observational study, over 40,000
male health professionals followed up to six years, Rimm and
coworkers251 concluded that “fiber, independent of fat intake, is an
important dietary component for the prevention of coronary disease.”
In the same year, dietary fiber was shown to be an independent risk
factor for CHD in Finnish men.252 Here, fiber was particularly effec-
tive in preventing death from coronary disease in middle-aged smok-
ing men. Subsequent studies involving women (Nurses’ Health Study)
also concluded that diets rich in fiber, especially from cereal sources,
are protective against CHD.253,254

A high cereal fiber diet has also been shown to reduce the risk of
CHD in the elderly.255 In this prospective cohort study, 3588 men and
women aged 65 years and older and free of CHD at baseline, were
followed from 1989 to 2000. After adjustment for age, sex, educa-
tion, diabetes, smoking history, daily physical activity, exercise in-
tensity, alcohol intake, and fruit and vegetable fiber consumption,
cereal fiber consumption was inversely associated with a 21% lower
risk in the highest quintile intake compared with the lowest quintile.
Interestingly, neither fruit nor vegetable fiber was associated with
incident CHD in similar analyses. Others had previously reported
that a high intake of fruits, vegetables and whole grains significantly
reduce the risk of stroke in both men256 and women.257,258

The mechanism(s) whereby whole grains, fruits, and vegetables pro-
tect against atherogenic diseases is probably multifactorial. In addi-
tion to cholesterol lowering, these foods are rich in a wide variety of
antioxidants (vitamins C and E, phytic acid, flavonoids,
phytoestrogens, selenium, zinc, copper, manganese and others).

Unsaturated fatty acids

Since a low rate of CHD in the Eskimo population exposed to a diet
rich in fish oil was first reported,259 numerous studies support the
antiatherogenic, antiarrhythmic and antithrombotic effects of
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n-3 (omega-3) polyunsaturated fatty acids (PUFA).260,261 In an early
study, 852 men living in Zutphen, a small Dutch village, had been
closely monitored for 20 years.262 The authors reported that those
who had eaten, on average, two fish meals/week had an overall re-
duction in CHD mortality of more the 50% compared with non-fish
eaters. Several years later, Burr and coworkers263 (the Diet and
Reinfarction Trial) examined the effects of dietary intervention in
the secondary prevention of myocardial infarction (MI). Here, 2033
men who had recovered from an MI were randomly allocated to re-
ceive advice or not to receive advice regarding three dietary possi-
bilities: (1) reduction in saturated fat and an increase in the ratio of
PUFA to saturated fat; (2) increase in fatty fish intake; and (3) in-
crease in cereal fiber. The trial was prematurely stopped after two
years because the fish advice group had a 29% reduction in all-cause
mortality and a 33% reduction in deaths from ischemic heart dis-
ease. Interestingly, there was no reduction in recurrent non-fatal MI.
In a later report, 1822 men aged 40 to 55 years and free of cardiovas-
cular disease at baseline, were studied to examine the relation be-
tween baseline fish consumption and the 30-year risk of death from
CHD.264 Again, the data showed an inverse relation between fish con-
sumption and death from CHD, especially from MI.

Several subsequent studies also supported a role for n-3 unsaturated
fatty acids in the prevention of CHD. In the Lyon Heart Study,265

patients who had suffered an MI were advised to eat a Mediterranean
diet (rich in fruits, vegetables, bread and canola oil) that emphasized
the use of canola oil margarine, which contains alpha-linolenic acid,
an n-3 fatty acid precursor to longer-chain n-3 fatty acids. The con-
trol group was only advised to eat a “prudent” diet. After five years,
overall mortality was reduced by 70% and cardiac death by 81% in
those on the Mediterranean diet compared with the control group. A
study one year later involved 334 patients with primary cardiac
arrest and 493 population-based randomly selected controls free of
current or prior heart disease, comorbidity, use of fish oils, and
matched for age and sex.266 The results showed that an average intake
of 5.5 g of n-3 fatty acids per month (equivalent of one fatty fish
meal per week) was associated with a 50% reduction in the risk of
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primary cardiac arrest. In addition, compared with a measured eryth-
rocyte cell membrane n-3 PUFA level of 3.3% of total fatty acids
(mean of lowest quartile), a red blood cell n-3 PUFA level of 5.0%
was associated with a 70% reduction in the risk of primary cardiac
arrest. To further investigate the benefits of food rich in n-3 PUFA,
the GISSI Prevenzione Investigators267 recently reported their find-
ings on 11,324 survivors of a recent MI who were randomly assigned
supplements of n-3 PUFA (1.0 g/d). The primary end points were
death, non-fatal MI, and stroke. Their results showed that n-3 PUFA
supplementation significantly decreased the rate of death, non-fatal
MI, and ischemic stroke.

Two very important recent studies added further evidence that in-
creased n-3 fatty acid intake significantly decreases the risk of CHD
in both men and women. In the first study,268 dietary consumption
and follow-up data from the Nurses’ Health Study (84,688 female
nurses aged 34–59 years) showed that after adjustment for the usual
confounding factors, the relative risks of CHD were 0.79 for fish
consumption 1–3 times/month, 0.71 for 2–4 times/week and 0.66
for �5 times/week. The second report,269 the Physicians’ Health
Study, compared the risk of sudden cardiac death with blood levels
of long-chain n-3 fatty acids. The results showed that blood levels
of n-3 fatty acids were “strongly associated with reduced risk of
sudden death among men without evidence of prior cardiovascular
disease.”

Fish intake has also been shown to be inversely associated with is-
chemic stroke in both men and women. In a 12-year Health Profes-
sional Follow-up Study, the relative risk for men who ate fish one to
three times per month, compared with those who ate fish less than
once per month, was 0.57.270 Similarly, a 14-year prospective cohort
study of women aged 34 to 59 years (Nurses’ Health Study) showed
that increased consumption of fish and omega-3 polyunsaturated fatty
acids was associated with a significant decreased risk of thrombotic
cerebral infarction.271 Furthermore, there was a progressive inverse
association beween the frequency of fish consumption and risk of
thrombotic infarction.
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What is the mechanism whereby n-3 PUFA are protective of people
with ischemic heart disease and stroke? Goodnight272 suggested four
possible pathways: (1) a reduction in platelet-vascular interactions
and thrombosis; (2) an inhibitory effect on atherogenesis; (3) a
damping of the vascular response to injury; and (4) a reduction in
the rate of sudden cardiac death by decreasing ventricular
arrhythmias. Various studies in both experimental animals and hu-
mans suggest that dietary fish oil decreases the frequency of
arrythmias and sudden death in people with known or covert CHD.
In an early experimental study, McLennan et al.273 showed that the
administration of tuna fish oil reduced the incidence of arrhythmias
and prevented ventricular fibrillation during both occlusion and
reperfusion of the coronary artery in rats. Similarly, Billman and
coworkers274 reported that infusion of fish oil completely prevented
the acute occurrence of ventricular fibrillation in dogs. Importantly,
in a prospective, double-blinded and placebo-controlled human
study, 79 patients with moderate- to low-grade ventricular
arrhythmias were randomly assigned to fish oil (40 patients) or
placebo (39 patients).275 The results showed that a moderate dose of
f ish oil (15 ml cod liver oil daily) significantly reduced the
frequency of ventricular premature complexes.

To further evaluate the role of n-3 polyunsaturated fatty acids
(PUFA) in CHD, Thies et al.276 randomized a group of patients await-
ing carotid endarterectomy by allocating patients’ control, sunflower
oil (n-6 PUFA), or fish oil (n-3 PUFA) capsules until they under-
went surgery. The primary outcome was evaluated by plaque
morphology indicative of stability or instability, and outcome mea-
sures of eicosapentaenoic acid, docosahexaenoic acid and linoleic
acid in plaques; plaque morphology, and presence of macrophages
in the plaques. Their findings showed that atherosclerotic plaques
readily incorporate n-3 PUFA from fish oil supplementation, thereby
enhancing plaque stability. Conversely, n-6 PUFA did not
affect plaque fatty acid composition or stability. The authors
concluded that “stability of plaques could explain reductions in non-
fatal and fatal cardiovascular events associated with increased n-3
PUFA intake.”
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In another important recent study, the association between a fish-
rich diet and leptin, a satiety factor and product of the obesity gene
which is synthesized and secreted mainly in adipose tissue, was evalu-
ated in two related homogeneous African tribal groups in Tanzania.277

The results showed that a diet rich in fish resulted in lower plasma
leptin levels in both men and women, independent of body fat.

Folic acid, vitamins B
6
 and B

12

In 1969, McCully278 reported that children with homocystinuria, an
inherited recessive metabolic disorder, not only had markedly
elevated plasma homocysteine levels but severe atherosclerosis. He
postulated that increased homocysteine levels are atherogenic and
proposed a metabolic pathway.279 It was subsequently noted that
homocystinuria heterozygotes also had increased plasma homocys-
teine levels and premature atherosclerosis and later studies showed
that an increased plasma homocysteine level is a major arterioscle-
rosis risk factor for all persons. For example, Genest et al.280

studied 170 men (50 � 7 years old) with premature CHD and com-
pared them with 255 control subjects who were clinically free of
disease. The plasma homocysteine mean level of the group with
heart disease was 13.66 � 6.7 umol/L compared with the control
group of 10.93 � 4.9 umol/L. In addition, 28% of the patients with
CHD had levels greater than the 90th percentile of the control (i.e.
�15 umol/L). Similarly, Stampfer and associates281 reported their
findings from a prospective Physicians’ Health Study of plasma
homocysteine levels and acute MI. The study covered a period of
five years and consisted of 14,916 men aged 40 to 84 years with no
prior history of heart disease or stroke. Their results also showed
that plasma homocysteine levels were significantly higher in those
who developed an MI compared with the control group.

Numerous studies have since been published showing that increased
plasma homocysteine levels are atherogenic, not only for CHD,282–287

but also for stroke,288–290 carotid artery wall thickness291 and periph-
eral arterial occlusive disease.292 With respect to folic acid intake and
stroke, Bazzano et al.293 studied 9764 men and women aged 25 to
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74 years over an average of 19 years. Here, the relative risk was 0.79
for incident stroke events in the highest quartile of folate intake (me-
dian intake, 405 ug/day) compared with those in the lowest quartile
(median intake, 99 ug/day).

For most people, homocysteine levels are readily controllable since
homocysteine metabolism is dependent on folic acid and vitamins
B

6
and B

12
(Fig. 4.6). To assess the relationship between serum folate

levels and the risk of fatal CHD, Morrison and associates294

restrospectively studied a cohort of 5056 Canadian men and women
aged 35 to 79 years who were free of heart disease. After 15 years of
follow-up, there was a statistically significant association between
serum folate levels and risk of fatal CHD. Furthermore, treatment
with homocysteine-lowering therapy with folic acid and vitamins B

6

and B
12

significantly reduces the incidence of important adverse events
after successful angioplasty.295

More recent studies have also shown that an increased dietary
intake of these nutrients significantly decreased plasma homocys-
teine levels and risk of the associated diseases.296–300 Another

Figure 4.6: Simplified chemical sequence for homocysteine metabolism.
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important aspect of the study by Rimm et al.287 is that daily intakes
of 400 ug of folate and 3 mg of vitamin B

6
 significantly minimize

the morbidity and mortality from cardiovascular disease. Moreover,
as with several other nutrients, their results futher support the view
that current recommended dietary allowances for various nutrients
are too low to provide optimal health benefits.

Although these and other studies support the association between
increased homocysteine levels and CHD, some have questioned
whether this association is causal.301 To further evaluate this associa-
tion, Klerk et al.302 assessed the relation between the MTHFR 677C
→ T polymorphism, a genetic alteration in an enzyme involved in
folate metabolism that causes elevated homocysteine levels. Indeed,
the results showed that individuals with this genotype had a 16%
greater odds of developing CHD, particularly in those individuals
with low folic acid levels. Thus, this study further supports the rela-
tion between low folic acid intake, increased homocysteine levels
and increased risk of CHD.

Magnesium

Magnesium (Mg) is the fourth most abundant cation in the body
after sodium, potassium and calcium; it is the second most abundant
intracellular cation (second to potassium). The great majority of Mg
is in bone (57%) and soft tissues (40%), especially muscle. The
remainder is in erythocytes and extracellular fluids. Mg is a cofactor
for over 325 enzymes303 which are involved in various membrane
functions (e.g. hormone receptor binding), gating of calcium chan-
nels, transmembrane ion flux, regulation of adenylate cyclase and
cellular energy production among others. As such, Mg plays a criti-
cal role in neuronal activity, neuromuscular transmission, cardiac
excitability, blood pressure and vasomotor tone.

Mg deficiency is very common. Epidemiologic studies suggest that
dietary Mg intake has progressively declined since 1900 from about
500 mg/day to about 200–250 mg/day. The minimum recommended
daily allowance is 350 mg/day for men and 280 mg/day for women;
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the desirable intake is 6–8 mg/day/kg body weight [420–560 mg/
day for a 70 kg (150 pound) man].304 The major causes of decreased
plasma Mg levels are listed in Table 4.11.

Although numerous publications have stressed the high frequency
of inadequate Mg intake, it is poorly appreciated by the general
public as well as the medical profession. Touitou et al.305 measured
both serum and red blood cell Mg levels in 381 unselected healthy
elderly men and women, most of whom were over 75 years old and
were not taking any medication. Their findings showed that 10%
had decreased serum Mg levels. Perhaps more importantly, twice
this number (i.e. 20%) were hypomagnesemic when red cell levels
were determined. Since Mg is primarily an intracellular cation, this
latter figure best represents the prevalence of Mg deficiency. In
agreement with this, an early study showed that serum Mg was
the most frequent abnormal test in patients admitted to the
intensive care unit (other routine tests included electrolytes, urea
nitrogen, creatinine, calcium and total protein).306 Here, 20% of the
patients were hypomagnesemic while an additional 9% were
hypermagnesemic.

Decreased serum Mg levels may result in various cardiac abnormali-
ties. Atrial fibrillation is a common arrhythmia that is frequently treated
with digoxin. DeCarli et al.307studied 45 consecutive patients with symp-
tomatic atrial fibrillation and found that 20% had decreased serum Mg
levels. Compared with those with normal serum concentrations, the
hypomagnesemic patients required twice the dose of digoxin to con-
trol their arrhythmia. Others reported that low postoperative serum Mg
levels were common in patients undergoing cardiac surgery.308 In this
placebo-controlled double blind study, the hypomagnesemic patients
had significantly increased frequencies of postoperative ventricular

Table 4.11: Major Causes of Decreased Plasma Magnesium

Inadequate dietary intake Malabsorption
Total parenteral nutrition Chronic alcoholism
Diarrhea (chronic) Medications (e.g. diuretics)
Diabetic ketoacidosis
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dysrhythmias. However, Mg administration not only decreased the
dysrhythmic frequency, but increased cardiac stroke volume.

Since a major function of magnesium is to control arterial tone, low
serum levels may result in coronary artery spasm and ischemic heart
disease. Indeed, several studies have shown a causal relationship
between low serum Mg levels and non-occlusive acute myocardial
infarction.309,310 Moreover, the second Leicester Intravenous Magne-
sium Intervention Trial studied the effect of intravenous MgSO

4
in

2316 patients with suspected MI.311 Here, the long-term outcome
showed a 21% decrease in mortality rate from ischemic heart disease
and a 16% reduction in all-cause mortality in those treated with
intravenous Mg compared with the untreated group. Others have also
reported an inverse association between ischemic heart disease and
serum magnesium levels.312,313

Nut consumption and coronary heart disease

Evidence for the role of various vegetable and fish oils in lowering
the risk of CHD has accumulated over the past few decades. More
recently, epidemiologic studies indicate that nut consumption also
lowers the risk of CHD in different population groups.314 However,
the mechanism whereby nuts are cardioprotective is not well under-
stood, although the favorable fatty acid profile (low in saturated fatty
acids and high in unsaturated fatty acids) appears to lower plasma
cholesterol levels. The dietary fiber in nuts may also have additional
cardioprotective effects.

In an attempt to further understand the mechanism of reduced coro-
nary mortality from nut consumption, Albert et al.315 prospectively
studied 21,454 male physicians for an average of 17 years (Physi-
cians’ Health Study). They concluded that the inverse association
between nut intake and total CHD death is “primarily due to a reduc-
tion in the risk of sudden death.” Others,316 reporting on the effects of
walnut consumption in plasma fatty acids and lipoproteins, concluded
that walnuts beneficially alter lipid distribution among the various
lipoprotein subclasses, suggesting an additional mechanism
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underlying the anti-atherogenic properties of nuts. In addition, pecan
consumption has been shown to significantly lower plasma levels of
LDL, HDL, and total cholesterol while increasing the levels of
insoluble fiber, monounsaturated fatty acids, polyunsaturated fatty
acids and magnesium.317 Finally, Feldman318 recently reviewed the
scientific evidence that walnut consumption reduces the risk of CHD.
He reported that five controlled, peer-reviewed intervention trials con-
sistently demonstrated that walnuts lower blood cholesterol levels.

Sodium and congestive heart failure

Congestive heart failure (CHF) is a common medical problem in
individuals with chronic CHD, hypertension and various other car-
diac disorders. Cross-sectional epidemiologic studies indicate that
a higher intake of dietary sodium is associated with an increased
risk of left ventricular hypertrophy and associated CHF. To further
evaluate this association, Jiang et al.319 followed 5233 normal weight
and 5129 overweight healthy men and women. After 19 years of
follow-up, the researchers concluded that a high sodium diet (i.e.
�113.6 mmol/day; 2.6 g/day) is a strong independent risk factor
for CHF in overweight persons.

Summary

The prevention of atherosclerosis and its associated diseases (CHD,
stroke and peripheral vascular disease) is multifactorial. Although
diets low in cholesterol and saturated fat but rich in antioxidants,
magnesium and n-3 polyunsaturated fatty acids are very important,
they are only one aspect to the solution of reducing the incidence of
atherosclerosis-related diseases. Other important factors include
weight control, physical exercise and abstinence from smoking. Nev-
ertheless, a healthy diet that is rich in fruits, vegetables, grains, fiber,
and low in saturated fat and trans fatty acids is extremely
important (Figs. 4.1 and 4.2). In addition, multivitamin and mineral
supplements are likely to be important in middle-aged and elderly
adults where the risk of various free radical-related diseases is high
and good nutrition is often absent. Certainly, the benefits of these
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supplements far outweigh any dangers and most likely significantly
decrease the risk of heart disease, stroke, some cancers, and various
other diseases/disorders. Indeed, on the basis of recent studies, Fletcher
and Fairfield recommend that all adults should take a multivitamin
daily; older persons should take additional vitamins B

12
and D

separately.320

Cancer

Cancer is the second leading cause of death in the US and other in-
dustrialized countries. In 2002, the estimated number of cancer cases
and deaths in the US was 1,284,900 and 555,500, respectively.321 A
recent American Cancer Society report indicated that black Ameri-
cans have about a 33% higher death rate for all cancers than white
Americans.322 The average annual incidence rates per 100,000 per-
sons for all cancer sites for the major racial/ethnic groups were as
follows: blacks, 445.3; whites, 401.4; Asian/Pacific Islanders, 283.4;
Hispanics, 270.0; and American Indians/Native Alaskans, 202.7. In
1998, 53% of all cancer-related deaths in the US were associated
with four sites: lung/bronchus, colon/rectum, prostate and breast.323

Cancer is, however, largely a preventable disease. As Sporn324 wrote,
“I start with the assumption, perhaps a prejudice, that cancer is a
preventable rather than a treatable disease, and that much of our frus-
tration with the ‘cancer problem’ stems from our inability to bring
this concept to fruition.” Indeed, about 65% of all cancers are sec-
ondary to cigarette smoking and poor nutrition.325 With respect to
nutrition and cancer, numerous studies suggest that an adequate in-
take of various antioxidants (e.g. vitamins C and E, carotenoids and
flavonoids), folic acid, vitamins B

6
and B

12
and trace metals (e.g.

selenium and zinc) may significantly reduce the risk of various
cancers. Indeed, a recent randomized trial suggested that the
Mediterranean diet reduces the incidence of several cancers.181 How-
ever, since the etiology of many cancers is not well understood, there
are unexplained inconsistencies in various studies, not only with
respect to lifestyle differences, but in men and women. For example,
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Khaw et al.326 prospectively studied 19,496 men and women aged
45 to 79 years for four years. Their results showed that the plasma
ascorbic acid concentration was not only inversely related to mortal-
ity from all-causes and from ischemic heart disease in both men
and women, but was inversely related to cancer mortality in men but
not women.

Although the exact mechanisms whereby these micronutrient
deficiencies remains largely unknown, they can mimic radiation or
various carcinogens in damaging DNA by causing single- and double-
strand breaks, oxidative lesions, or both. Indeed, a causative role for
reactive oxygen species as a cancer cause has been hypothesized;327 a
large body of circumstantial evidence now supports this hypothesis.72

For example, 8-hydroxy-2�-deoxyguanosine (8-OHdG) is a well
established biomarker of oxidative damage to DNA. In a randomized
crossover study, Chen and associates328 assessed its responsiveness
to diet in a group of non-smoking healthy men and women who
consumed two antioxidant-rich liquid formula diets, one of which
was rich in vitamin E, a potent antioxidant. Their findings showed a
22% decrease in the 8-OHdG/deoxyguanine ratio and a significant
downward trend in leukocyte 8-OHdG among all subjects through-
out the nutrient-rich study phases. Thus, a diet rich in antioxidants
significantly decreases DNA damage and presumably the risk of
various cancers.

Aside from nutrition, other important lifestyle risk factors include
overweight/obesity (Chapter 2), physical inactivity (Chapter 3) and
smoking, excessive alcohol intake, environmental toxins and long-
term sunlight exposure (Chapter 5). In this section, the role of nutri-
tion in the prevention of various cancers will be presented.

Colorectal cancer

Colon cancer is the third most commonly occurring cancer in Ameri-
can men and women. In 2002, there were an estimated 107,300 cases
of colon cancer in the US (men, 50,000; women, 57,300) and 48,100
deaths (men, 23,100; women 25,000).321 Rectal cancer accounted for
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an estimated 41,000 cases (men, 22,600; women, 18,400) and 8500
deaths (men, 4700; women, 3800).321 Unfortunately, the etiology of
colorectal cancer remains largely unknown. Early reported risk
factors other than genetics (about 10–15% of cases), have included
overweight/obesity, physical inactivity, and high fat, low fiber diets.
Other modifiable risk factors that can prevent colon cancer include
adequate folic acid intake, reducing alcohol use and decreasing red
meat consumption, among others. For example, the prospective Health
Professionals Follow-up Study followed 49,927 men aged 40 to
75 years for ten years.329 They evaluated the following possible risk
factors: obesity, physical inactivity, alcohol consumption early adult-
hood cigarettes smoking, red meat consumption and low intake of
folic acid from supplements. After adjusting for age and family his-
tory of colorectal cancer and comparing the risk for the combined
six modifiable risk factors at or above the 20th , 10th or 5th percen-
tiles versus below, the population attributable risk percent increased
from 39% to 45% to 55%, respectively.

Dietary fiber

Observational studies around the world have consistently found that
the risk of colorectal cancer is lower in populations with high intakes
of fruits and vegetables. Moreover, upon moving from one country
to another and adopting a different diet, the risk may increase. Since
fruits and vegetables are rich in various antioxidants (carotenoids,
vitamin C and flavonoids), folic acid, and other anti-carcinogenic
components such as fermentable fiber, it has been widely accepted
that they are protective against colorectal cancer. However, several
recent studies are not in complete agreement, although the findings
are somewhat inconsistent.

The hypothesis that dietary fiber may decrease the risk of colorectal
cancer was first proposed by Burkitt.330 Most of the subsequent ana-
lytic epidemiologic reports were from case-control studies. Potter331

reviewed 17 studies before 1996 and found that 11 showed an
inverse correlation between dietary fiber intake and colon cancer.
Howe et al.332 reviewed 13 case-control studies from several countries;
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the combined data showed a strong overall inverse relationship
between dietary fiber intake and colorectal cancer. Similarly, Meyer
and White333 conducted a five-year population-based case-control
study in men and women aged 30 to 62 years living in western Wash-
ington State. High dietary fiber intake was associated with progres-
sively lower relative risks for colon cancer with odds ratios of 1.0,
0.9, 0.8 and 0.6 across the quartiles of fiber consumption in men; for
women, the ratios were 1.0, 0.9, 0.5 and 0.5. More recently, a case-
control Italian study involved 1225 cases of colon cancer, 728 cases
of rectal cancer and 4154 controls.334 After allowing for the usual
confounding factors, most types of fiber reduced the risk of both
cancers. More specifically, when the results of the fourth and first
quintiles (i.e. 80th and 20th percentiles) were compared, the odds
ratios of colorectal cancer were 0.68 for total fiber, 0.67 for soluble
non-cellulose polysaccharides (SNPs), 0.71 for total insoluble fiber,
0.67 for cellulose, 0.82 for insoluble SNPs and 0.88 for lignin. When
the fiber sources were classified, the odds ratios were 0.75 for veg-
etable fiber, 0.85 for fruit fiber and 1.09 for cereal fiber.

More recent reports, however, have not shown an inverse relation-
ship between dietary fiber intake and colorectal cancer. For example,
in 1999 Fuchs and associates335 published their prospective study of
88,757 women 34 to 59 years of age. After 16 years of follow-up,
and adjustment for age, various established risk factors and total
energy intake, they found no association between dietary fiber and
risk for colorectal cancer. The following year, Michels and coworkers336

published data from both the Nurses’ Health Study (88,764 women)
and Health Professionals’ Follow-up Study (47,325 men); they con-
cluded that frequent consumption of fruits and vegetables “does not
appear to confer protection from colon or rectal cancer.”
Similarly, a recent report found that a low-fat, high-fiber diet rich in
fruits and vegetables did not decrease the recurrence risk of colorectal
adenomas,337 nor did a diet supplemented with wheat-bran fiber.338

Conversely, Terry et al.339 subsequently reported that total fruit and
vegetable consumption was inversely associated with colorectal can-
cer in Swedish women. Here, those who consumed less than 1.5 serv-
ings of fruits and vegetables each day had a relative risk for colorectal
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cancer of 1.65 compared with the women who consumed 2.5 serv-
ings each day. A subanalysis of the data indicated that the association
was largely due to fruit consumption.

The inconsistencies in these studies is perplexing and may be due, at
least in part, to several things such as differential recall of dietary
habits by case subjects compared with control subjects, to various
dietary habits by case subjects compared with control subjects, or to
various dietary micronutrients associated with diets high in fiber.
Until recently, most studies have shown an inverse relation between
both vegetable and fruit intake and colorectal cancer, including co-
hort studies.340 Perhaps, as noted in a study of German vegetarians341

with reduced overall mortality and incidence of colon cancer, indi-
viduals who have a relatively high intake of fruits and vegetables
may simply be more health conscious and have a more healthy lifestyle
than those whose intake of fruits and vegetables is low. In any event,
after reviewing the literature on early detection and prevention of
colorectal cancer, Dashwood342 wrote: “In the meantime, the best
approach to reducing the risk of colorectal cancer would be to
increase the dietary intake of fruits, vegetables and cereals, while
reducing the overall intake of fat, particularly from animal sources.”

Fats, fatty acids and red meat

Foods from animal sources remain major contributors of total fats,
saturated fat and cholesterol in North American and some European
diets. Although red meats (i.e. beef, pork and lamb) are often rich in
these lipids and have been associated with various cancers, especially
of the colon and prostrate,343 all studies have not. For example, Howe
and associates344 examined the effect of dietary fat intake on colorectal
cancer risk in a combined analysis of data from 13 case-controlled
studies involving 5287 persons with colorectal cancer and 10,470
non-cancer controls. Although positive associations with total en-
ergy intake were found for 11 of the 13 studies, there was minimal, if
any evidence that total fat was an important risk factor; the quintile
odds ratios of total fat intake and colorectal cancer were 1.00, 0.95,
1.01 and 0.92.



418 Chapter 4

A major interpretive problem here is differentiating the effects of
dietary fat from total energy intake. There are several mechanisms
whereby dietary fat and specific fatty acids may affect the risk of
colon cancer in addition to total energy intake. In a population-based
study, Slattery et al.345 compared 1993 colon cancer cases with 2410
controls in three areas of the US. They found that the most commonly
consumed fatty acid was oleic acid and that one-third of dietary fats
consumed were from additions to other foods or from the preparation
of other foods. Their results showed that neither total dietary fat nor
specific fatty acids was associated with an increased risk of colon can-
cer after adjusting for total energy intake, level of physical activity, or
body size. However, fats from food preparation were associated with
an increased risk for colon cancer among older women, although fats
from foods themselves were not. Moreover, population subgroups were
at “slightly greater risk if they consumed a high-fat diet.”

Several reports have also suggested that frequent eating may be a
risk factor for colon cancer. To further investigate this possible re-
lationship, Favero and associates346 reported their case-control study
from six areas of Italy involving 1225 incident cancer cases less
than 75 years of age and 4154 control subjects. After controlling
for the level of physical activity, education, vegetable intake and
major energy sources, they found a direct correlation between
colon cancer and eating frequency. Interestingly, coffee intake
reversed the association. The authors suggested that whereas
eating increases the excretion of bile acids, which may be carcino-
genic, coffee decreases bile acid excretion.

The intake of red meat has frequently been regarded as a stronger
risk factor for colon cancer than total fat. To examine the relative
effects of fat, meat, fiber and vegetable intake, 47,949 American
male health professionals, aged 40 to 75 years and free of cancer in
1986, were followed until 1992.347 The results showed that
intakes of total fat, saturated fat and animal fat, were not risk fac-
tors of colon cancer. However, the relative cancer risk was
directly associated with red meat intake (relative risk 1.71). Men
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who ate pork, beef or lamb as a main serving five or more times per
week had a relative risk of 3.57 compared with men who consumed
these foods less than once each month. The mechanism whereby
red meat increases the risk of colon cancer is probably not
mediated through its total fat content. Rather, other factors such as
heterocyclic aromatic amines formed from cooking meat and fish
most likely have an important role in colon carinogenesis.348

Indeed, chronic administration of heterocyclic amine mutagens
(e.g. 2-amino-1-methyl-6-phenylimidazo [4,5-b]pyridine and
2-amino-3methylimidazo[4,5-f]quinoline) induces tumors in rats
at several sites, including colonic adenocarcinomas.349 Importantly,
these heterocyclic animes are products of cooking meat and fish.
Moreover, Wu et al.350 found that the incidence of colon cancer was
significantly higher in humans whose dietary exposure to these
amines was increased. Thus, people who preferred well-cooked
red meat and had higher frequencies of frying, barbecuing, broil-
ing, or using meat drippings had signif icantly higher colon
cancer rates compared with those less inclined to these characteris-
tics. Indeed, the risk of colon cancer was increased three-fold
among persons who preferred well-done red meat and was increased
over two-fold among those who frequently fried, barbequed, or
broiled their meats, or used meat drippings.

To further evaluate the association between several foods and
nutrients and the development of colon and rectal cancers, Fung
et al.351 prospectively assessed dietary information from 76,401
women over a 12-year follow-up period and identified two major
dietary patterns: “prudent” (higher intake of fruits, vegetables,
legumes, fish, poultry and whole grains) and “Western” (higher
intake of red and processed meats, sweets and desserts, french fries
and refined grains). After adjusting for potential confounders, the
relative risk for colon cancer among those consuming the Western
diet was 1.46 (highest versus lowest quintiles). The prudent diet
was not associated with a significant relative risk for the highest
versus the lowest quintiles. They found no association between
dietary patterns and rectal carcinoma.
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Folic acid and methionine

In an early clinical study,352 47,931 American male professionals aged
40 to 75 years and free of cancer in 1986, were followed for six years.
These investigators found that alcohol intake was directly related to
the risk of colon cancer. Thus, for persons who consumed two or
more daily drinks, the relative risk was 2.07 compared with those
whose alcohol intake was less than 0.25 drinks per day. Moreover,
combinations of high alcohol and low methionine and folate intakes
showed a relative risk of 3.30 for total colon cancer. When they com-
pared high-methyl diets (i.e. folate and methionine) with low-methyl
diets in high alcohol users, the relative risk for distal colon cancer
was striking — 7.44. Conversely, there was no increased colon can-
cer risk for individuals with a high intake of methionine and folate
and two or more daily alcohol drinks. Importantly, the increased risk
of colon cancer associated with alcohol intake and diets deficient in
folate and methionine was not confounded by smoking, level of physi-
cal activity, BMI, intakes of red meat, fat, fiber, multivitamins,
or aspirin.

A subsequent study353 involved 88,756 women (Nurses Health Study)
free of cancer in 1980 and supplemented with a multivitamin from
1980 to 1994. During this time, 442 women developed colon cancer.
Folic acid intake greater than 400 ug/day compared with an intake of
less than 200 ug/day resulted in a relative risk of 0.69 after control-
ling for age, family history of colorectal cancer, aspirin use, smok-
ing, BMI, physical activity and intakes of red meat, alcohol,
methionine and fiber. In addition, the results were similar when
intakes of vitamins A, C, D and E and calcium were controlled for.
Importantly, the reduced risk of colon cancer was evident only after
four years of supplementation which then continued to decrease with
time. Thus, the relative risk was 0.83 for five to nine years, 0.80 for
ten to 14 years, but 0.25 for 15 or more years. The authors suggested
that the inverse relation between long-term multivitamin use and
colon cancer was perhaps related to the folate contained in multivita-
mins. Two additional recent studies provide further evidence that folate
intake is inversely associated with colon cancer risk.354,355
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The likely mechanism whereby folic acid appears to decrease the
risk of colon cancer and other malignancies is because it is essential
for regenerating methionine, which can donate a methyl group for
DNA methylation and the synthesis of purine and pyrimidine bases
which are required for DNA synthesis. As shown by Blount et al.,356

folate deficiency causes an extensive incorporation of uracil into
human DNA (four million/cell) and increases the frequency of
micronuclei, a measure of chromosome breaks. These events pre-
sumably promote carcinogenesis. However, the nuclear changes are
reversed by folate administration (see discussion under vitamins and
cancer). A proposed mechanism explaining how folate may reduce
carcinogenesis was recently published.457

Calcium and vitamin D

The global geographic distribution of colon cancer is similar to that
of rickets. That is, colon cancer rates are highest in regions where
winter ultraviolet radiation is significantly reduced. For example, the
incidence of colon cancer is highest in the northeast and north central
areas, and lowest in the southern, southwestern and intermountain
regions of the US.358 Based on the geographic epidemiology of death
rates from colon cancer, it was first suggested in 1980 that calcium
and vitamin D may reduce the risk of this malignant disease.359 Sub-
sequent epidemiologic studies added support to this hypothesis in
that low intakes of both calcium and vitamin D reportedly increased
the incidence of colon cancer.360,361 More specifically, a 19-year pro-
spective study by Garland et al.360 found that a daily intake of 3.75 ug
or more of vitamin D resulted in a 50% reduction in the incidence of
colorectal cancer; a daily intake of 1200 mg or more of calcium
reduced the incidence by 75%. More recently, a five-year case-
control study362 involving 1953 incident colorectal carcinoma cases
and 4154 controls showed a mild inverse relationship between both
calcium and vitamin D intake (odds ratios 0.85 and 0.93, respec-
tively) and colorectal carcinoma. However, when the combined
effects of high calcium, vitamin D and selected antioxidants were
considered in both men and women, the odds ratio was 0.46
compared with subjects whose intakes of these nutrients was low. In
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another recent clinical study,363 calcium supplementation (1200 mg/
day) was associated with a significant, albeit “moderate,” reduction
in the risk of colorectal adenomas in both men and women. The
adjusted ratio of the mean number of recurrent adenomas in the cal-
cium supplemented group, compared with the placebo group, was
0.76. Importantly, the protective effect was noted as early as one year
after supplementation began. In a recent review of this topic,
Garland and associates364 suggested that most cases in colorectal
cancer can be prevented by a daily intake of 1800 mg of calcium and
800 IU (20 ug) of vitamin D.

The mechanism whereby calcium and vitamin D reduce the incidence
of colorectal cancer is unknown. However, as noted earlier, diets rich
in red meat and animal fat increase the risk of colon cancer by in-
creasing the production of potentially carcinogenic bile acids. Cal-
cium, however, may inhibit carcinogenesis by binding bile acids and
fatty acids in the bowel or possibly by the direct inhibition of colonic
epithelial cell proliferation.365 Studies in laboratory animals support
this proposed mechanism since dietary calcium is protective of bile-
induced mucosal damage and experimental carcinogenesis.366

Green tea

Tea is widely consumed and generally believed to decrease the risk
of various diseases including some cancers and CHD, among others.
The major reason for this belief is that tea leaves are rich in antioxi-
dant polyphenols (mainly catechins). However, there are several ma-
jor categories of tea (i.e. white, green, black and oolong) which are
produced by different processing (fermentation) methods. Although
fresh tea leaves are rich in these compounds, they become oxidized
during fermentation resulting in polymerization to form larger and
more complex polyphenols. Hence, the availability of the active anti-
oxidants may vary depending on the type of tea.

As noted above, cooking meat and fish results in the formation of
carcinogenic heterocyclic amines. In experimental studies with rats,
Dashwood and associates have repeatedly shown that both green and
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black tea catechins have anti-carcinogenic activity in the colon.349,367,368

It is not surprising, therefore, that a recent literature review found
that three of five clinical studies showed an inverse association be-
tween colon cancer and green tea consumption.369

Anti-inflammatory drugs

An adenomatous polyp, a benign intermediate in the development of
colorectal cancer, is reportedly present in about 33% of the general
population by age 50 years and in about 50% by age 70.370 Recent
studies suggest that the prevention of adenomatous polyps and their
subsequent progression to colorectal cancer is possible by various
pharmacologic agents (chemoprevention). In this regard, aspirin and
other non-steroidal anti-inflammatory drugs (NSAIDs) have been
widely studied. Several mechanisms have been suggested whereby
these agents might inhibit prostaglandin synthesis [i.e.
cyclooxygenases 1 and 2 (COX-1, COX-2)]. Thus, various clinical
studies have shown that COX-2 is elevated in up to 40% of colorectal
adenomas and 90% of sporadic colon carcinomas but is not increased
in normal colonic epithelial cells.371,372 Moreover, NSAIDs may also
act by other mechanisms including inhibition of the activation of
nuclear factor-kappa B (NFkB)373 or other mechanisms.374

A review of a series of case-controlled clinical studies found a 40%
to 50% risk reduction for colonic adenomas and carcinomas among
patients who regularly took aspirin.375 The Cancer Prevention Study
II,376 which involved 662,424 participants between 1982 and 1989,
reported a relative risk for death due to colon cancer in those with
infrequent aspirin use (i.e. less than once each month) of 0.77 for
men and 0.73 for women. The risk was reduced further if aspirin was
taken more than 16 times per month. The Health Professional Fol-
low-up Study377 involved 47,900 men who completed a questionnaire
twice each year regarding aspirin use. The results showed that the
relative risk for colorectal cancer was 0.68 when regular aspirin use
(i.e. more than twice/week) was reported on a single questionnaire;
the relative risk was 0.35 when regular use was reported on three or
more successive questionnaires. Furthermore, a study involving
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89,446 women (Nurses’ Health Study)378 found that regular aspirin
use (two or more times/week) had a relative risk of 0.62 compared
with those who were not regular aspirin users. Although there was
little risk reduction during the first nine years, the relative risk was
0.56 after 20 or more years of use.

Summary

The incidence of colorectal cancer has continued to decrease since
1986. The exact role played by diet is complex since the relationship
between diet and colon cancer is multifactorial. As a result, studies
have been somewhat inconsistent. Nevertheless, the scientific data
generally shows that low dietary intake of fruit and vegetable fiber,
calcium, folic acid and perhaps other micronutrients, and increased
intake of red meat significantly increase the risk of colorectal cancer.
Conversely, regular use of aspirin and other non-steroidal anti-in-
flammatory drugs appear to significantly reduce the risk of colorectal
cancer. Thus, when a “healthy diet” is combined with weight control
and moderate physical activity, the risk of colorectal cancer can be
significantly lowered.

Stomach and esophageal cancers

Prior to 1930, stomach cancer was the leading cause of cancer-
related deaths in most countries, including the US. Since then, how-
ever, there has been a steady decrease in gastric cancer throughout
the world, but the decrease in the West has been especially high.
Although the reasons for this dramatic decrease are not fully un-
derstood, decreased consumption of salt-preserved food, increased
dietary intake of fresh fruits and vegetables, and the availability of
refrigeration are most likely important factors. In addition,
considerable epidemiological data indicates that the microorgan-
ism, Helicobacter pylori, is a strong risk factor for gastric cancer.
However, the exact carcinogenic mechanisms remain to be eluci-
dated, but could be due to toxic substances produced by the bacte-
rium or it may be secondary to the host inflammatory response to
the infection.
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Unfortunately, in some countries the incidence of stomach cancer
has fallen much more slowly. For example, gastric carcinoma remains
the most common type of cancer in both men and women in Japan
and accounts for 18% of all cancer-related deaths (52.6 deaths/100,000
men and 27.5/100,000 women compared with 6.3/100,000 men and
4.2/100,000 women in the US).379 The estimated number of stomach
cancer cases in the US in 2002 was 21,600 (men, 13,300; women,
8300) with 12,400 deaths (men, 7200; women, 5200).321 Esophageal
cancer is significantly less frequent but far more lethal than gastric
cancer (96% mortality rate). The estimated number of US cases in
2002 was 13,100 (men, 9800; women, 3300) with 12,600 deaths (men,
9600; women, 3000).321

Cereal fiber

When taken together, two case-control studies of adenocarcinomas
of the esophagus and gastric cardia found that total dietary fiber
intake significantly lowered the risk of both cancers.380,381 Since
in vitro studies have shown that cereal fiber might act as a scavenger
of nitrite, a presumed carcinogen, under similar conditions that
exist in the stomach, Terry and coworkers382 studied the possible
association between dietary cereal fiber and risk of esophageal and
gastric cardia cancers. In this population-based case-control study,
they found a strong dose-dependent inverse association between
total dietary fiber and risk of gastric cardia adenocarcinoma, of
which cereal fiber was the most important. The odds ratio among
those in the highest quartile of cereal fiber intake compared with
the lowest quartile was 0.3. Although a high intake of cereal fiber
was also significantly associated with a decreased risk of esoph-
ageal adenocarcinoma, a linear dose-risk trend was not observed.
Moreover, no association was found between dietary fiber and
esophageal squamous cell carcinoma.

Vegetables and fruits

Frequent consumption of fruits and vegetables has also been associ-
ated with reduced risk for stomach cancer in most case-control
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studies, although prospective reports have been less consistent. In a
recent prospective study that evaluated the role of fruits and veg-
etables in fatal gastric cancer, McCullough et al.383 reported their
findings from a cohort of 1.2 million American men and women over
a 14-year follow-up period (Cancer Prevention Study II). After
controlling for various confounders, the results showed that a high
overall intake of plant foods (sum of vegetables, citrus fruit and whole
grains) was associated with a modest risk reduction of stomach can-
cer in men but not women. Others,384 however, reported an inverse
association between esophageal adenocarcinoma with dietary intakes
of vegetables, citrus fruits and juices, dairy products, fish and dark
bread. As with colorectal cancer, they found that diets high in meats
may increase the risk of distal stomach cancer.

Micronutrients

In contrast with a significant decline in gastric cancer over the past
several decades, Mayne and associates385 indicated that the incidence
rates of esophageal and gastric cardia adenocarcinomas have been
rising. To further investigate the possible risk factors for this phe-
nomenon, these workers examined the intake of various nutrients as
risk factors for several subtypes of esophageal and gastric cancers
(gastric cardia, non-cardia gastric, esophageal adenocarcinoma and
esophageal squamous cell carcinoma) in a population-based case-
control study in three states (Connecticut, New Jersey and western
Washington state). Their findings indicated that fiber, beta-carotene,
folate and vitamins C and B

6
 were all significantly inversely associ-

ated with the risk of all four cancer types. They concluded that diets
rich in plant-based foods that contain these nutrients were associated
with a reduced risk of gastric and esophageal cancers, whereas a higher
intake of nutrients found mainly in foods of animal origin was asso-
ciated with an increased cancer risk.

As noted in a large clinical study, the people of Linxian County, China
have very high rates of esophageal and gastric cardia cancer and a
persistently low dietary intake of various micronutrients. To deter-
mine whether supplementation with micronutrients might lower the
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mortality from, or incidence of cancer in these people, Blot and
associates386 studied 29,584 adults aged 40 to 69 years and followed
them from 1986 to 1991. Their findings showed that those who
received daily supplementation with beta-carotene, vitamin E and
selenium had significantly lower overall cancer rates, but this was
especially true for stomach cancer. In a companion publication,387

this research group reported that although multiple vitamin/mineral
supplementation in this same population lowered the cumulative
esophageal/gastric cardia cancer death rate by 8% and total mortality
by 7%, the results were not statistically significant. The authors
suggested that perhaps a longer follow-up period would be more
informative with respect to the effects of multivitamin/mineral supple-
mentation and esophageal cancer. Indeed, in a follow-up study this
group of researchers found a highly significant inverse association
between serum selenium levels and the incidence of both esophageal
and gastric cardia cancers.388

Various laboratory experiments and human case-control studies
suggest that the consumption of green tea, which is rich in polyphe-
nolic antioxidants, may decrease the risk of gastric cancer. How-
ever, the studies have yielded missed results. For example, a recent
review369 of ten studies that examined the association between green
tea and stomach cancer, six suggested an inverse association while
three reported a positive relation. Although the most comprehen-
sive of these reports support an inverse association between green
tea and stomach cancer, a large recent study involving 26,311 men
and women in northern Japan found no association between green
tea consumption and risk of stomach cancer.389 Since green tea has
been shown to be protective against several different malignant
tumors, more carefully controlled studies are needed to clarify its
association with stomach cancer.

Helicobacter pylori, a well established etiologic factor for gastritis
and peptic ulcers, is now believed to enhance the risk of gastric can-
cer. Hence, eradification of this microorganism would presumably
reduce the incidence of this tumor. In this regard, a recent study showed
that sulforaphane, a substance rich in certain varieties of broccoli
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and broccoli sprouts, was a potent bacteriostatic agent against three
reference strains and 45 clinical isolates of H. pylori.390 Further,
sulforaphane was bacteriocidal for H. pylori in a human epithelial
cell line and blocked experimental fore-stomach tumors in mice.
Hence, future clinical trials are needed to evaluate the relationship
between broccoli and stomach cancer.

Cancer of the lung and bronchus

Worldwide, lung cancer has the highest incidence and mortality
rates among all malignancies.391 In the US, lung/bronchus cancer is
the third most common malignancy after breast and prostate, but it
is clearly the most common cause of death due to cancer in both
men and women. There were 169,000 estimated cases in 2002 (men,
90,200; women 79,200) and 154,900 deaths (men, 89,200; women,
65,700).321 Smoking is, of course, well recognized as the primary
cause of lung cancer. Importantly, every puff on a cigarette results
in the formation of more than one billion free radicals.392 Hence, it
is not surprising that numerous studies have shown that various
foods, mainly those rich in antioxidants, lower the risk of this
malignancy.

Fruits and vegetables

Flavonoids are potent antioxidants and are particularly rich in brightly
colored fruits and vegetables. As antioxidants, they are at least in
theory, protective against various epithelial malignancies. Indeed,
several early studies concluded that diets high in fruits and vegetables
are associated with lower risk of lung cancer.393,394 More specifically,
Knekt et al.395 studied 10,000 Finnish men and women over a
20-year follow-up period in which there were 1000 incident cancer
cases (151 involved the lung). Although there was a modest inverse
association between dietary flavonoids and the incidence of all
cancers (0.80 relative risk of highest quartile versus lowest quartile),
the association was mainly a result of the decreased incidence of
lung cancer (0.54 relative risk between quartiles). Moreover, the
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protective effect of flavonoids persisted after adjustment for smok-
ing, total energy intake, vitamins C and E and beta-carotene. Addi-
tionally, the association was strongest in persons under 50 years of
age and in non-smokers (relative risks, 0.33 and 0.13 respectively).
Interestingly, apple consumption was an effective independent factor
in decreasing the risk of lung cancer. However, the association
between dietary fruits and vegetables and lung cancer from another
recent study involving 77,283 women (Nurses’ Health Study) and
47,778 men (Health Professional Follow-up Study) showed mixed
results.396 In the entire study group, total dietary fruit and vegetable
intake was associated with a modestly lower risk of lung cancer among
women but not men (relative risk 0.79 for highest versus lowest
quartile of intake). Among both men and women who never smoked,
increased fruit and vegetable intake was associated with a signifi-
cantly lower lung cancer risk.

Micronutrients

As with other population dietary studies, the association between
micronutrients and lung cancer has been mixed. In 1994, Mayne
et al.397 reported that dietary beta-carotene-rich raw fruits and vegetables,
as well as vitamin E supplements, significantly reduced the risk of
lung cancer in non-smoking men and women. However, another study
published during the same year indicated that supplementation with
vitamin E and beta-carotene did not decrease the risk for lung cancer
in male smokers.398 A subsequent report399 found that beta-carotene
produced neither benefit nor harm with respect to lung cancer while
others suggested that supplementation with both beta-carotene and
vitamin A may increase the risk for lung cancer in smokers and work-
ers exposed to asbestos.400 In agreement with latter report, the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study group
recently reported that supplemented beta-carotene increased the risk
of lung cancer in men, especially among smokers.401 However, in-
creased serum vitamin E levels were shown to be associated with a
lower risk for lung cancer.402 The decreased risk was even stronger in
younger people and among those with a shorter time exposure to
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cigarette smoke. Increased vitamin E levels were especially protec-
tive if present during the critical early stages of tumorigenesis.

Green tea

As with brightly colored fruits and vegetables, green tea is rich in
polyphenols (mainly epicatechins and flavonols). A growing body of
evidence from studies with laboratory animals indicate that green
tea is protective against a variety of cancers. For example, Chung403

recently reported that both green and black tea and caffeine were
protective against lung cancer in both mice and rats. Early clinical
studies evaluating the association between tea intake and lung cancer
have been mixed, possibly in part due to inadequate statistical adjust-
ment for active smoking. In a population-based case-control study,
Zhong et al.404 reported that among non-smoking women, consump-
tion of green tea was associated with significant reduced risk of lung
cancer (odds ratio, 0.65); the risk decreased with increasing tea
consumption. However, there was minimal association between green
tea consumption and lung cancer in women who smoked. Moreover,
in a recent study involving several organ cancers (i.e. stomach,
colon, liver and pancreas), including the lung, women who drank
10 cups of green tea/day developed cancer 8.7 years later and men
3.0 years later than women and men who drank �3 cups/day.405

Similarly, a prospective cohort study of 8552 Japanese men and
women was followed for 11 years.406 During this time, 285 men and
203 women developed cancer. The cohort was divided into three
groups depending on their consumption of green tea: �3 cups/day,
4–9 cups/day, and �10 cups/day. Those who consumed �10 cups/
day showed a highly significant reduced risk for lung, colon and
liver cancers.

Breast cancer

Breast cancer is the second most common worldwide malignancy
among women; it is the most common cancer in developed coun-
tries. In 2002, an estimated 205,000 cases were diagnosed in the
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US and all except 1500 were women.321 However, compared with
lung and other major cancers, early diagnosis and treatment have
greatly improved the prognosis (40,000 death/year; 19.5% of total
breast cancers). There are numerous risk factors for breast cancer,
including increasing age, positive family history, increased exog-
enous and endogenous hormones, lifestyle, obesity and diet among
others (Table 4.12).407 The association between obesity and physi-
cal inactivity and breast cancer are discussed in Chapters 2 and 3,
respectively. In the following sections, the role of nutrition in breast
cancer prevention is presented.

Fruits, vegetables and micronutrients

Rates of breast cancer are well known to vary greatly among coun-
tries suggesting that there are potentially modifiable determinants
such as the micronutrients found in fruits and vegetables. Indeed,
various experimental studies have supported a role for some micro-
nutrients in reducing the risk of breast cancer. As implied in several
previous discussions, oxidative free radical damage to DNA is an
important contributor to cancer development in several organs. In
this regard, vitamins C and E have been suggested to play a role in
breast cancer prevention due to their antioxidative properties. A
recent experimental study408 indicated that alpha-tocopherol
(vitamin E), but not vitamin C, inhibits the proliferation of breast
epithelial cells and may, therefore, decrease the risk of breast can-
cer. Nevertheless, a role for vitamin E in breast cancer prevention
in both animal experiments and human epidemiologic studies have
been mixed.409 Additionally, other tocopherols and tocotrienols
may be more effective than alpha-tocopherol in breast cancer

Table 4.12: Major Risk Factors of Breast Cancer

Family history
Increasing age
Hormones (exogenous/endogenous)
Lifestyle (physical inactivity, smoking, alcohol)
Obesity
Diet
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prevention. Schwenke410 noted that alpha-, gamma- and delta-
tocotrienols have potent anti-proliferative and proapoptotic effects
on breast cancer cells. Hence, they might be expected to reduce the
risk of breast cancer.

Clinical studies, however, have been considerably less consistent;
some reported that diets rich in various micronutrients decreased the
risk of breast cancer while others found no correlation, indicating
that is still much to learn about this complex multifactorial relation-
ship. Several examples will be presented to demonstrate this confus-
ing problem. In 1993, Hunter et al.411 reported their eight-year
prospective study of 89,484 women aged 34 to 69 years who were
free of cancer at baseline. After evaluating the intakes of dietary vita-
mins C, E and A from foods and supplements, they concluded that
high intakes of these vitamins did not protect women from breast
cancer. Similarly, a recent analysis of eight prospective studies that
included 7377 incident breast cancer cases indicated that fruit and
vegetable consumption did not significantly reduce the risk of this
malignancy.412 Others,413 however, reported that premenopausal
women who ate five or more daily servings of fruits and vegetables
had a modestly lower risk of breast cancer compared with women
who consumed less than two daily servings (relative risk, 0.77). This
inverse association was considerably stronger among premenopausal
women who had a positive family history of breast cancer (relative
risk, 0.29), as well as in women who consumed 15 g or more of
alcohol each day (relative risk, 0.53).

As with colorectal cancer, folic acid deficiency appears to be an
important risk factor for breast cancer, at least in some women. For
example, the Nurses’ Health Study414 involving 88,818 women with a
16-year follow-up period indicated that folic acid was not associated
with an overall risk of breast cancer. However, a significant increase in
breast cancer was associated with women who consumed 15 g or more
of alcohol daily and had an inadequate dietary intake of folic acid. The
authors suggested that women who regularly consume alcohol may
reduce their risk of breast cancer by increasing their daily folate intake.
Similar findings were recently reported in Canadian women.415 Here,
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there was no association between dietary folate intake and breast can-
cer risk either in postmenopausal women alone or in women overall.
However, there were “marked reductions in risk association with folate
intake among those consuming more than 14 g of alcohol/day…”

Other epidemiologic studies, however, have reported a positive
effect of folic acid on breast cancer risk in non-alcohol consumers.
For example, data from a recent population-based case-control study
of breast cancer conducted in Shanghai during 1996–1998 and
involving 1321 cases and 1382 controls aged 25 to 64 years who
never drank alcohol regularly or used vitamin supplements, showed
that folate intake was inversely associated with breast cancer.416 More-
over, this inverse association was significantly higher among women
who also consumed high levels of folate cofactors (i.e. methionine
and vitamins B

12
and B

6
). Importantly, these cofactors were not inde-

pendently related to the risk of breast cancer. Similarly, a study
involving 32,826 women (Nurses’ Health Study) found that “higher
serum levels of folate and possibly vitamin B

6
may reduce the risk of

developing breast cancer.417 A recent literature review summarizing
the evidence for the association between folate status and breast
cancer risk has been published.418

Dietary fat

Early studies in laboratory animals and humans reported a strong
correlation between dietary fat intake and breast cancer risk. Subse-
quent studies, however, have yielded mixed results. For example, an
early large case-control study419 (2024 cancer cases) found no
significant difference in dietary fat intake between women who
developed breast cancer and the control group. Conversely, a
combined analysis from 12 case-control studies, with a total of
4312 cancer cases, reported a significant positive association between
total and saturated fat intake and the risk of breast cancer.420 A simi-
lar study421 evaluated the data from seven prospective studies in four
countries. Dietary information from 4980 breast cancer patients and
337,819 women without cancer was available for analysis. When
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women in the highest quintile of energy-adjusted total fat intake were
compared with those in the lowest quintile, the multivariate pooled
risk for breast cancer was not significantly increased. Moreover,
increased dietary consumption of saturated, monounsaturated and poly-
unsaturated fatty acids did not increase the relative risk for breast can-
cer. Similarly, Velie et al.422 evaluated a dietary questionnaire from
40,022 postmenopausal women and followed them for an average of
5.3 years. A positive association between the percentage of energy from
total fat was noted only in women with no prior history of benign breast
disease (relative risk, 2.20). Interestingly, the increased risk was mainly
attributed to higher intakes of unsaturated fat and oleic acid. Conversely,
others423 reported that high intakes of polyunsaturated fatty acids and
some unsaturated fatty acids (i.e. oleic acid) were associated with a
decreased risk of breast cancer (odds ratio for highest versus lowest
quintile was 0.70 and 0.74, respectively). The intakes of saturated fatty
acids, protein and fiber were not associated with an increased risk.

The association between breast cancer and dietary intake of fat and
fatty acids was reported from the Nurses’ Health Study (88,795 women
free of breast cancer followed up for 14 years).424 The authors
“…found no evidence that lower intake of total fat or specific major
types of fat was associated with a decreased risk of breast cancer.”
Of some interest here, Newmark425 noted that this latter study was
not representative of the American female population as a whole.
The participants were better educated, more health conscious and
their regular intake of multivitamins was higher than the average
female population. More recently, data from 88,691 women in the
Nurses’ Health Study was evaluated to determine whether high
intakes of dairy products, calcium, or vitamin D were associated with
breast cancer risk.426 Although no association between consumption
of dairy products and breast cancer was found in postmenopausal
women, there was a significant reduction in the risk of developing
breast cancer in premenopausal women with a high intake of low-fat
dairy foods, especially skim/low-fat milk. There was also a similar
inverse association between breast cancer risk and dairy food
components (i.e. calcium and vitamin D), “but their independent
associations with breast cancer are difficult to distinguish.”
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It should also be noted that there is extensive evidence that estrogens
are important in breast cancer development. To further increase the
understanding of the possible relationship between dietary fat and
breast cancer, Wu and associates427 recently reviewed the “nature of
the evidence” in various prospective studies of fat intake and risk of
breast cancer. They found statistically significant reductions in
serum estradiol levels in both premenopausal and postmenopausal
women (�7.4% and �23.0%, respectively). The greatest reductions
were present in two studies in which dietary fat was reduced to
10–20% of total calories compared with 18–25% in the other stud-
ies. They concluded that dietary modifications that significantly
decrease estrogen levels may reduce the incidence of breast cancer.
Thus, although the association between breast cancer risk and fat
intake is complex, there does appear to be a direct correlation, albeit
not a clear one. As such, more studies are needed to clarify this
important matter.

Cooked meat

Epidemiologic and large cohort studies428,429 found that high meat
consumption was associated with an increased risk of breast cancer.
Although the exact mechanism for this association is not fully under-
stood, considerable evidence suggests that heterocyclic amines, which
are mutagenic agents, have been identified in well-cooked meats and
fish.430,431 In addition, various animal studies and in vitro experiments
suggest that well-done meats may be associated with human breast
cancer. To study this possible relationship, Zheng and coworkers432

conducted a case-control study among 41,836 women (Iowa Women’s
Health Study). Their results showed a dose-response association
between “doneness” levels of meat consumed and breast cancer risk.
Thus, the adjusted odd ratios for very well-done meat versus rare or
medium-done meat were 1.54 for hamburger, 2.21 for beef steak and
1.64 for bacon. For women who consistently ate these three meats very
well done, the risk was 4.62 times higher than for women who
consumed rare or medium-done meats. As discussed previously under
colon cancer (i.e. “Fats, Fatty Acids and Red Meat”), the production of
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carcinogenic heterocyclic amines by cooking meat may be the mecha-
nism whereby the consumption of red meat increases the risk of
breast cancer.

Prostate cancer

Prostate cancer is the second most common cancer in the US after
breast cancer. In 2002, there were an estimated 189,000 new cases
and 30,200 deaths.321 As with breast cancer, there is a remarkable
variation in prostate cancer incidence and mortality across ethnic and
geographic groups suggesting that lifestyle differences are probably
important.

Fruits and vegetables

Evidence from laboratory, epidemiologic and clinical studies is
accumulating that supports the concept that various dietary antioxi-
dants may be effective in reducing the risk for this common malig-
nancy. The carotenoids comprise a very large group of natural
pigments that, along with the flavonoids, provide considerable color
to our environment (fall leaves, colored vegetables, flowers, etc.).
Some dietary carotenoids, such as beta-carotene, serve as an impor-
tant source of vitamin A, although most, including lycopene, are
devoid of provitamin A activity. Interest in the carotenoids, and espe-
cially lycopene, a potent antioxidant that is rich in tomatoes, has
increased considerably due to its potential role in decreasing the risk
of various malignancies including prostate cancer.

An early study of Adventist men suggest that high tomato consump-
tion was associated with a decreased risk for prostate cancer.433 The
following year, it was found that men with lycopene serum levels in
the highest quartile had a 50% lower risk for prostate cancer than
men in the lowest quartile.434 Although this study was quite small,
and the findings could have been related to chance, a subsequent
large nested case-control study of healthy men (Physicians’ Health
Study) reported similar results.435 The odds ratios for all prostate
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cancers declined slightly with increasing quintile of plasma lycopene
levels (odds ratio for highest quintile, 0.75). However, the odds ratio
for this quintile was 0.56 for aggressive prostate cancer. In addition,
a recent study from Greece found that both cooked and raw tomatoes
were inversely associated with prostate cancer.436 Raw tomatoes
were found to be less effective than cooked tomatoes because the
latter have a higher concentration of lycopene. Review articles on
the role of tomatoes and lycopene in cancer prevention have been
recently published.437,438 Moreover, a more recent Health Profession-
als Follow-up Study among 47,365 men over a 12-year period
confirmed the inverse association between prostate cancer and fre-
quent tomato or lycopene intake (relative risk, 0.84 for high versus
low quintiles).439 Interestingly, the dietary intake of tomato sauce, the
major source of bioavailable lycopene, was associated with a greater
decrease in prostate cancer risk (relative risk for �2 servings/week
versus �1 serving/week was 0.77).

Micronutrients

Vitamin E has also been inversely associated with prostate cancer.
The Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC)
Study440 of Finnish male smokers reported that men randomly as-
signed to 50 mg of alpha-tocopherol had a statistically significant
32% reduction in the incidence of prostate cancer and a 41% reduc-
tion in death from prostate cancer compared to men who were not
supplemented. In a recent post-intervention follow-up assessment,
the ATBC Study Group again reported that participants receiving
alpha-tocopherol supplements had a reduced risk of prostate cancer,
although they indicated that confirmation requires more studies.401

Others402 also evaluated the association of alpha-tocopherol and
gamma-tocopherol with prostate cancer in a nested case-control study.
Here, the risk of prostate cancer decreased with increasing serum
and toenail concentrations of alpha-tocopherol (odds ratio of highest
versus lowest quintile, 0.65). The inverse correlation between gamma-
tocopherol and prostate cancer was even stronger. Men in the highest
quintile had a five-fold reduction in prostate cancer risk compared
with those in the lowest quintile.
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Selenium is an essential trace metal; it is a cofactor to glutathione
peroxidase, an important antioxidant enzyme that may protect DNA
from oxidative damage. Although it is toxic at high doses, moderate
supplementation has been shown to significantly decrease the fre-
quency of various chemically-induced cancers in laboratory animals.
Decreased dietary intake has also been associated with various
human cancers, including prostatic carcinoma. For example, an early
study by Willett et al.442 reported a significant inverse association
between serum selenium levels and gastrointestinal and prostate can-
cers. In a later placebo-controlled, double-blind cancer trial,443 the
administration of 200 ug of selenium/day was inversely associated
with the incidence of prostate, lung and colorectal cancers. More
recently, the Health Professionals Follow-up Study also reported that
higher selenium intakes significantly reduced the risk of prostate
cancer.444

Dietary fat, total energy consumption and body weight

Early epidemiologic studies suggested that dietary fat was an
important risk factor for prostate cancer. However, as epidemio-
logic evidence has increased, the support for this association has
declined somewhat, although not eliminated. For example,
Whittemore et al.445 conducted a population-based case-control
study of prostate cancer among blacks (very high risk), white (high
risk) and Asian-Americans (low risk) who resided in various cities
in the US and Canada. They concluded that there was a causal role
for saturated fat in prostate cancer, but only a weak association was
found with monounsaturated fat and no association with polyun-
saturated fat or total food energy. The authors suggested, however,
that other factors are primarily responsible for the risk differences
in various ethnic groups.

A recent experimental study also supports a role for fat and energy
intake in prostate cancer.446 These investigators transplanted andro-
gen-responsive prostate cancers from donor rats to recipient rats and
then fed the recipients either fat- or carbohydrate-restricted diets. They
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also injected human prostate cancer cells into severe combined im-
munodeficient mice to create tumors and then fed the latter different
diets. Energy was restricted in one of three ways: (1) reducing fat
energy while keeping all other nutrients essentially equal to animals
fed ad libitum; (2) reducing energy from carbohydrates and keeping
other nutrients constant; and (3) reducing total energy from all sources
but keeping other nutrients constant. The results showed that energy
restriction reduced proliferation of both rat and human prostate can-
cer cells. Moreover, the reduction in tumor growth was similar in all
three types of energy-restricted animals. Thus, as long as total en-
ergy was restricted, tumor growth was independent of the amount of
dietary fat.

A prior clinical study also reported a significant positive trend for
prostate cancer risk with total energy consumption.447 Here, the odds
ratio was 2.22 for men whose total food consumption was “some-
what more” and 3.89 for those whose consumption was “much more”
than men in general. These investigators also found an increased trend
for body weight. The odds ratios were 1.44 and 1.80 for those whose
BMI was 26–29 kg/m2 (i.e. overweight) and 
29 kg/m2 (i.e. obese),
respectively. Total food consumption and BMI remained indepen-
dent risk factors in a multivariate analysis that included various food
items, as well as alcohol and tobacco use.

Non-steroidal anti-inflammatory drugs

Experimental studies have shown that non-steroidal anti-inflamma-
tory drugs (NSAIDs) inhibit the proliferation of prostate cancer cells
and reduce prostatic cancer metastasis. To evaluate the possibility
that aspirin might reduce the incidence of prostate cancer in men,
47,882 participants in the Health Professionals Follow-up Study were
evaluated from 1986 to 1996.448 Although no association between
aspirin intake and total prostate cancer was detected, there was a
suggestive decrease in risk among men reporting greater use of aspi-
rin and metastatic prostate cancer (relative risk among men using
aspirin �22 days/month was 0.73). The results of this cohort study
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suggest that other NSAIDs should probably be examined to deter-
mine if they might reduce the risk for this common malignancy.

Miscellaneous malignancies

Although several dietary patterns have been associated with various
other malignant disorders, the number of studies is relatively scarce.
However, a few examples will be presented.

Non-Hodgkin’s lymphoma

In 2002, there were an estimated 53,900 cases of non-Hodgkin’s lym-
phoma in the US (28,200 men; 25,700 women) with 24,400 deaths
(12,700 men; 11,700 women).321 Although there has been a steady
increase in the incidence of this malignancy in recent years, the reasons
are not well understood. However, non-Hodgkin’s lymphoma is known
to be increased in immunocompromised patients. Several experimental
studies have identified dietary fat and, in particular n-6 polyunsaturated
fatty acids, as suppressors of the immune system.449 In addition, fat
intake not exceeding 25% of total energy, mainly due to reduced satu-
rated fat, was shown to improve the immune status in women.450 In a
relatively early large cohort study of postmenopausal women, the risk of
non-Hodgkin’s lymphoma was increased with higher intakes of total ani-
mal fat, saturated and monounsaturated fat, but not polyunsaturated fat.451

To further evaluate the relation between dietary fat and non-Hodgkin’s
lymphoma, Zhang et al.452 studied 88,410 women (Nurses’ Health Study)
over a 14-year period during which they identified 199 incident cases.
They found that saturated fat was associated with an increased relative
risk of 1.4 for the highest versus the lowest quintile of fat intake. More-
over, the intake of beef, pork, or lamb as a main dish was associated with
a relative risk of 2.2 if the consumption of one of these meats occurred at
least once daily compared with less than once per week. In addition, a
higher intake of trans fatty acids (e.g. margarine) was statistically sig-
nificantly associated with an increased risk.

These latter authors also studied the relation between non-Hodgkin’s
lymphoma and dietary intake of fruits and vegetables in the same
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cohort.453 They reported that a higher intake of these foods was
associated with a lower risk for non-Hodgkin’s lymphoma; the
multivariate relative risk was 0.62 for women who consumed six or
more daily servings compared with those who consumed less than
three servings/day. Additionally, when examined separately, veg-
etable consumption was most clearly associated with a reduced risk;
cruciferous vegetables were particularly effective in reducing the
risk of this form of lymphoma.

Urinary bladder

Cancer of the urinary bladder is a very common malignancy,
especially in men where it is the fourth leading type of cancer. In
2002, there were an estimated 56,500 cases (41,500 men; 15,000
women) and 12,600 deaths (8600 men; 4000 women) in the US.321

The causes of bladder cancer are not well understood, but appear to
be related at least in part to direct contact of the bladder lining cells
with urinary carcinogens.454

Studies with laboratory animals have shown that urination frequency
lowers the level of potential carcinogens. Hence, an increase in fluid
intake in humans may also dilute urinary toxic waste products and
reduce the risk of bladder cancer. To evaluate this possible relation-
ship, Michaud and associates455 studied 47,909 men in the Health
Professional Follow-up Study over a period of ten years. Indeed, their
findings revealed that total daily fluid intake was inversely associ-
ated with the risk of bladder cancer. Those who drank 2531 ml or
more per day had a relative risk of 0.51 compared with those whose
daily fluid intake was 1290 ml or less. Moreover, the consumption
of water was more effective than drinking other fluids (relative risk
0.49 versus 0.63).

Kidney

Renal cell cancer accounts for an estimated 2% of all cancers
worldwide. The incidence of this malignancy has been increasing
over the past few decades in North America, western Europe and the
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Scandinavian countries, but apparently not in other areas of the world.
There were an estimated 31,800 cases of kidney and renal pelvis can-
cers in the US in 2002 (19,100 men; 12,700 women) with 11,600
deaths (7200 men; 4400 women).321 The increase in renal cell cancer
in America has been about 3% per year with the highest rate among
African Americans.456 Various possible etiologic factors include
cigarette smoking, occupational hazards (e.g. asbestos, aromatic
hydrocarbons and organic solvents), high intake of fried meats and
poultry, hypertension and obesity, the latter especially in women.457

However, several studies have suggested that increased consump-
tion of fruits and vegetables may reduce the incidence of renal
cancer, although the evidence is not as strong as for other cancers.
In addition, although tea consumption was recently found to mod-
estly decrease the risk of bladder cancer, it had no apparent effect
on renal cancer.458

Pancreas

In 2002, there were an estimated 30,300 cases of pancreatic can-
cer in the US (14,700 men; 15,600 women), 98% of which re-
sulted in 29,700 deaths (14,500 men; 15,200 women).321 As noted
by McCarty,459 the marked increase in age-adjusted mortality in
Japan and among African Americans during the past 100 years
suggests that pancreatic cancer is preventable to a significant
degree.

A cohort study of the association between dietary folate and
pancreatic cancer in 27,101 healthy male smokers aged 50 to
69 years (Alpha-Tocopherol, Beta-Carotene Cancer Prevention
Study) was recently published.460 During the 13-year follow-up
period, 157 developed pancreatic cancer. The adjusted hazards ra-
tio comparing the highest with the lowest quintile of dietary folate
was 0.52. No significant associations were noted between dietary
methionine, vitamins B

6
and B

12
, or alcohol intake and pancreatic

cancer risk. Of the several possible risk factors, cigarette smoking
has been repeatedly linked to this lethal malignancy. Indeed, as with
earlier studies, this latter report460 also showed that cigarette
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smoking significantly increased the risk for pancreatic cancer
(hazards ratio 1.82 for highest versus lowest quintile of cigarettes
smoked per day).

Of three studies regarding green tea consumption and pancreatic can-
cer, two found an inverse association.369 The largest of these studies
found that the risk of cancer was particularly decreased in women
with regular green tea intake; among both men and women, there
was an inverse association with an increased amount and duration of
green tea consumption.

Ovary

There were an estimated 23,300 new cases of ovarian cancer in the
US in 2002, of which 13,900 died.321 Although the etiology of ova-
rian cancer is unknown, several of the risk factors generally believed
to be important include increasing age, genetics, physical inactivity,
obesity and oral contraception therapy. Numerous studies also sug-
gest that nutrition is an important risk factor for this malignancy.

An early study by Cramer et al.461 indicated that women with a high
dietary intake of animal fat and a low intake of vegetable fat had a
significantly increased incidence of ovarian cancer. However, coffee,
alcohol and tobacco use were not associated with an increased risk.
In agreement with this, a meta-analysis of eight observational stud-
ies showed that diets rich in total fat, saturated fat and animal fat
were all independently and significantly associated with an increased
incidence of epithelial ovarian cancer (relative risks 1.24, 1.20 and
1.70, respectively).462 Conversely, epidemiologic data from the Nurses’
Health Study found “no evidence of a positive association between
intake of any type of fat and ovarian cancer risk, even after adjust-
ment of fat subtypes for one another.”463 Thus, more studies are clearly
needed to clarify the relation between dietary fat intake and
ovarian cancer.

Several studies have also suggested that high levels of antioxidant
micronutrients (i.e. vitamins C, E and beta-carotene) decrease the
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risk for ovarian cancer. For example, a multivariate analysis showed
that the highest supplemented intake levels of vitamins C and E were
protective of ovarian cancer (odds ratios 0.4 and 0.33 respectively
compared with non-supplemented controls).464 The authors noted that
the protective effects of vitamins C and E required intakes “well above
the current US Recommended Dietary Allowances.” Others also
showed inverse associations between ovarian cancer and vitamin E
(odds ratio, 0.6), and calcium (odds ratio, 0.7) intakes for the highest
compared with the lowest quintiles.465 When vitamin E and calcium
intakes were combined, the odds ratio was 0.4 for subjects in the
highest versus the lowest tertile of both nutrients. Other recent stud-
ies reported that diets rich in green tea,466 fish467 and vegetables467 are
inversely associated with ovarian cancer. This latter group also found
a direct association between red meat consumption and ovarian
cancer (see under colon cancer section for possible explanation of
this association).

Micronutrients and cancer

(1) Vitamin C
Vitamin C (ascorbic acid) is a potent water-soluble antioxidant. As
such, it is not surprising that it has been studied for a possible role
in cancer prevention. Indeed, studies have shown that vitamin C
inhibits carcinogenesis induced by radiation and various carcino-
gens present in smoke.468 Human studies have shown that vitamin
C is rapidly depleted in smokers because of the tremendous num-
ber of free radicals present in each puff. The loss of this protective
antioxidant results in reducing body defenses, increasing the
burden of oxidative stress, and thereby increasing the risk for smoke-
related cancers.

Prior to 1991, about 90 epidemiologic studies examined the role of
vitamin C or vitamin C-rich foods in cancer prevention.469 The great
majority of these studies reported that vitamin C had statistically
significant protective effects, especially in cancers of the oral
cavity, esophagus, stomach and pancreas. Several studies have also
indicated that vitamin C may decrease the risk of cancers of the
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rectum, breast, and uterine cervix. Nevertheless, these findings have
not been consistent. For example, 19,496 men and women aged 45
to 79 years were prospectively examined over a four-year period to
evaluate the relation between plasma ascorbic acid levels and mor-
tality due to all causes, heart disease and cancer.470 The findings
showed that plasma ascorbic acid levels were inversely related to
all-cause mortality and heart disease in both men and women.
Interestingly, the vitamin C levels were inversely related to cancer
mortality in men but not in women. Recent follow-up studies on
populations at high risk for stomach cancer, however, suggest that
vitamin C protects against this malignancy where infection with
H. pylori is a significant risk factor.471

(2) Vitamin E
Vitamin E (alpha-tocopherol, other tocopherols and tocotrienols) a
lipid-soluble vitamin, is also a potent antioxidant. As such, it is
especially efficient in neutralizing the peroxyl and alkoxyl radicals
generated in the bilipid cell membranes (i.e. lipid peroxidation); it
also effectively neutralizes the hydroxyl radical and singlet oxy-
gen. Vitamin E also inhibits the cyclooxygenase pathway and thereby
reduces the concentration of prostaglandins which are, at least
experimentally, important in carcinogenesis. Both animal and
human studies have generally supported a role for vitamin E in can-
cer prevention. However, Schwenke472 recently questioned a role
for alpha-tocopherol (usual form of vitamin E) in breast cancer pre-
vention. He noted that studies in experimental animals indicate that
alpha-tocopheral alone has little effect on breast tumors. Conversely,
alpha-, gamma- and delta-tocotrienols have potent anti-proliferative
and proapoptotic effects that reduce the risk of breast cancer. He
suggested that any protection from breast cancer by dietary vita-
min E may be primarily due to the effects of other tocotrienols and
tocopherols present in the diet. On the other hand, an Italian case-
control study recently showed the dietary vitamin E significantly
reduced the risk of ovarian cancer (odds ratio 0.6 for the highest
versus lowest tertile of vitamin E intake).473 Vitamin E was also
recently shown to inhibit malignant melanoma in mice.474
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Ultraviolet (UV) radiation is a major cause of skin cancer,
solar erythema and premature skin aging,475,476 a phenomenon
presumably due to the generation of reactive oxygen species
(e.g. singlet oxygen, hydroxyl free radicals and hydrogen
peroxide).477,478 Severe depletion of skin antioxidants during
prolonged exposure to UV radiation results in insuff icient
protection and leads to cellular damage. Thus, an intake of anti-
oxidants is a promising method to counteract UV radiation-
induced oxidative damage. Indeed, vitamin E has been shown to
minimize UV radiation-induced skin erythema,479 tumori-
genesis480 and epidermal lipid peroxidation.481

Recent studies also suggest that tea consumption may be beneficial
in preventing sun-induced skin cancers. In an animal study, Conney
et al.482 reported that oral administration of tea or caffeine to hairless
mice increased the apoptotic cells in the epidermis. A similar effect
was observed when caffeine was topically applied immediately after
UV radiation. Moreover, oral administration of green or black tea to
UV-pretreated high risk mice inhibited tumorigenesis. Interestingly,
the administration of decaffeinated teas had little or no effect,
although adding caffeine to the decaffeinated teas restored their
inhibitory effects. These researchers also reported that topical treat-
ment with either caffeine or (-) epigallocatechin gallate, a polyphe-
nolic component of green tea, five days per week for 18 weeks,
resulted in significantly fewer benign and malignant tumors in mice
(44% and 72%, respectively).483

(3) Beta-carotene, lycopene and lutein
Beta-carotene and the other carotenoids (e.g. lutein, lycopene, etc.)
have been extensively studied with respect to their possible role in
cancer prevention. These compounds deactivate various reactive
oxygen species (e.g. singlet oxygen, free radicals and triplet photo-
chemical sensitizers) and may, therefore, be expected to prevent some
cancers. Thus, a recent experimental study found that beta-carotene
strongly inhibited the growth of cultured human colon cancer cells
by apoptosis.484
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An early literature review of the epidemiologic evidence indicated
that low consumption of fruits and vegetables that are rich in caro-
tenoids consistently showed an inverse relation to various cancers.485

The reviewer emphasized, however, the need for both prospective
and retrospective clinical trials to further evaluate the role of caro-
tenoids in cancer prevention. Unfortunately, more recent studies
have shown mixed results. In a study involving 30,000 Chinese,
Blot and associates486 reported that supplementation with vitamin
E, beta-carotene and selenium decreased the risk of both esoph-
ageal and stomach cancers by 13%. Others487 studied the effect of
beta-carotene supplementation and the incidence of all cancers in
women (Women’s Health Study). This large randomized, double-
blind, placebo-controlled trial showed no significant protective
effect in the supplemented group versus those not supplemented.
Nevertheless, as noted in the earlier section on prostate cancer,
recent studies indicate that increased lycopene consumption sig-
nificantly decreases the risk of prostate cancer. Moreover, increased
dietary lutein was recently shown to be inversely associated with
colon cancer in both men and women.488 Here, the greatest inverse
association was noted among those in whom colon cancer devel-
oped in younger subjects and among those with tumors located in
the proximal colon segment. Other carotenoids, however, were not
effective in reducing the risk of colon cancer.

(4) Vitamin D
Recent experimental studies suggest that vitamin D and calcium may
protect against cancer by reducing cell proliferation and inducing
cell differentiation.489 In addition, several recent studies provide evi-
dence that dietary vitamin D and calcium impede the development
of colorectal and possibly other human cancers.490,491

(5) Other vitamins
Other vitamins have also been inversely associated with various hu-
man malignancies. For example, several cancers previously discussed
in this chapter were noted to be inversely associated with increased
levels of folic acid. Indeed, a very recent report further supports a
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protective role for folate in colorectal cancer.492 In addition, Slattery
et al.493 recently reported that dietary vitamin B

6
, thiamin and niacin

were all inversely associated with colon cancer in women (men were
not included in this study).

Olshan et al.494 recently reported their findings on the association
between childhood neuroblastoma and maternal vitamin and mineral
use. Their results showed that daily maternal intake of vitamins and
minerals in the month before pregnancy and in each trimester resulted
in a 30–40% reduction in the risk of neuroblastoma in early childhood.
However, no specific vitamins or minerals responsible for the decreased
tumor risk were identified.

(6) Selenium
In addition to the references noted above, numerous other studies have
shown an apparent protective role for most antioxidants against
cancer. For example, over 50 published reports have demonstrated a
reduced incidence of experimental cancer in laboratory animals supple-
mented with selenium at dietary levels above the usual nutritional range.
Early human epidemiologic studies in Finland495 and the US496 also
support the hypothesis that selenium deficiency results in decreased
intracellular levels of glutathione peroxidase, a critical antioxidant en-
zyme, which presumably results in increased free radical formation
and increased cancer risk. These studies showed that decreased serum
selenium levels were associated with an increased incidence of pros-
tate, breast or colon cancers. More recently, selenium deficiency has
been associated with an increased risk for colon,497 liver498 and
prostate499 cancers. These latter authors also reported significant
reductions in the incidence of total, lung and colorectal cancers as well
as total cancer mortality. However, this study and a previous one 443

found that selenium intake did not reduce the incidence of either basal
or squamous cell carcinoma of the skin.

(7) Summary
Numerous epidemiological and clinical studies have clearly shown
that populations whose diets are high in fruits and vegetables and
low in animal fat, meat and calories have a significantly reduced risk
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of the most common types of cancer. Thus, the American Cancer
Society recommends the following broad dietary guidelines to
reduce the risk of several common malignancies.500

(1) Eat a variety of healthful foods with an emphasis on plant sources
(i.e. fruits, vegetables, 100% fruit/vegetable juices, and limit
French fries, snack chips, etc.).

(2) Choose whole grains in preference to processed (refined) grains
and sugars.

(3) Limit consumption of red meats, especially those high in fat and
processed. Choose fish, poultry or beans in preference to pork,
beef and lamb.

(4) Choose foods that help maintain a healthful weight (i.e. low in
fat, sugar and calories and avoid large portions).

Nutrition and the Immune System

It is widely recognized that there is a loss of immune function with
advancing age. As a result, the immune theory of aging was pro-
posed. Indeed, there is considerable evidence that a degenerating
immune system is a significant contributor to the aging process.
Thus, older people are more prone to various infectious diseases,
autoimmune phenomena, primary amyloidosis, myelomatosis,
chronic lymphoproliferative disorders, and various forms of
cancer. It has also been suggested that aging is the most common
immunodeficiency syndrome. However, the immune system is as
vigorous in many elderly people as it was when they were young.501

In addition, a major problem with the immune theory of aging is in
determining which changes are primary (i.e. due to aging per se)
and which are secondary (i.e. poor nutrition, physical inactivity,
etc.). For example, Mazari and Lesourd502 compared the immune
response of healthy elderly persons (mean age 80 years) with dif-
ferent nutritional status to young healthy adults (mean age 25 years).
They concluded that “the influences of aging and undernutrition in
humans are cumulative and suggest that some changes in the
immune response that have been attributed to aging may, in fact, be
related to nutrition and not aging.”



450 Chapter 4

It is now widely recognized that nutrition is an important determi-
nant of immune responses. Numerous epidemiologic and clinical stud-
ies suggest that poor nutrition alters immunocompetence and increases
the risk of infections in both children and adults in the industrialized
nations as well as the underdeveloped countries. As discussed earlier
in this chapter, undernutrition is very common in aged populations
in Europe and North America. More specifically, undernutrition
induces lower immune responses, particularly, but not exclusively, in
cell-mediated immunity (i.e. T-lymphocyte functions). However, a
decreased capacity to synthesize antibodies is also often present in
the elderly (i.e. decreased antibody reponse to various
vaccines). To determine the frequency of micronutrient deficiency in
the elderly, Ravaglia et al.503 studied 62 healthy free living and well
nourished Italian men and women aged 90 years and above. They
found that 50% of both sexes were selenium deficient, 52% of men
and 41% of women were zinc deficient, 40% of men and 59% of
women were vitamin B

6
deficient, and 16% of men and 27% of women

were vitamin A deficient. These deficiencies were significantly
associated with decreased numbers and function of natural killer cells,
which are important in natural immunity against cancer and infec-
tious diseases.

Caloric restriction

Since the initial publication reporting that caloric restriction in young
rats significantly increases their longevity,504 numerous studies in a
wide range of laboratory animals have demonstrated that lifespan
can be significantly prolonged by decreasing total food intake but
assuring that essential micronutrients are adequate. Thus, the
lifespan of various laboratory animals can be increased 30–50% by
reducing their caloric intake to 60% of the amount normally con-
sumed by those given food ad libitum.505 Current observations over
a decade or more at the University of Wisconsin-Madison and the
National Institute on Aging suggest that the same holds for non-
human primates.506 As such, there is little reason not to believe this
is also true for humans. Furthermore, caloric restriction reportedly
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increases stress resistance from numerous sources including oxida-
tive stress, protection of mitochondrial membranes, resistance to
various carcinogens and irradiation, and exercise-induced stress.507

Although the mechanisms whereby caloric restriction increases lon-
gevity, as well as improving the immune system are unknown, early
animal studies are adding considerable information that presumably
applies to humans. Thus, interleukin (IL)-6, an inflammatory cytokine,
has hematologic, immune, hepatic, endocrine and metabolic func-
tions. More specifically, it stimulates the hypothalamic-pituitary-
adrenal axis and is under the tonic negative control glucocorticoids.
The administration of IL-6 reportedly results in fever, anorexia and
fatigue and is important in the pathogenesis of osteoporosis.508 Con-
versely, IL-2, which stimulates the production of T-lymphocytes,
decreases with increasing age. A recent report indicates that this
cytokine dysregulation is health-related and begins in “healthy” adults
at age 60 to 70 years for IL-2 and between 36 and 59 years for IL-6.509

The serum concentration of IL-6 is very low in young adults but
increases with age. However, Kim et al.510 reported that caloric
restriction in mice attenuates this age-associated increase; it also
attenuates the oxidative stress-induced IL-6 increase in circulating
leukocytes in monkeys. Others have also demonstrated that caloric
restriction lowers serum levels of both IL-6 and tumor necrosis fac-
tor-alpha in old mice to levels comparable to those of young mice.511

Protein-energy malnutrition

In protein-energy malnutrition, which is very common in older people,
most host defense mechanisms are impaired. There is atrophy of lym-
phoid tissues and decreased numbers of circulating lymphocytes (to-
tal lymphocyte count less than 2000/uL). These individuals become
anergic to skin tests and are more susceptible to various microorgan-
isms (e.g. Mycobacterium, Salmonella, Listeria, etc.).512 In addition,
protein undernutrition is associated with both reduced and increased
cytokine release (e.g. IL-2 and -6 respectively) and lower antibody
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response to vaccines.513 These individuals are often hypoalbuminemic
and some may be mildly anemic. Protein undernutrition also impairs
several complement system components, mucosal secretory IgA
antibodies, antibody affinity, and the ability of phagocytes to kill
ingested bacteria and fungi.514

Micronutrients

Cell membrane-dependent functions are affected by physical state
and fluidity, both of which are determined by the fatty acid profile
of the bilipid membrane. These unsaturated fatty acids are readily
modified by reactive oxygen species (ROS), a process known as
lipid peroxidation. An increase in ROS, which occurs with aging
and various diseases, is presumed to negatively affect membrane
functions including cell-mediated immune reactions. However, vari-
ous micronutrients, including those with antioxidant properties, have
been shown to improve and/or prevent the loss of immune function
that is often associated with the aging process.

Micronutrient combinations

Penn and associates515 supplemented a group of healthy elderly people
with vitamins A, C and E and compared the results with an
age-matched placebo group. The supplemented group showed the
following improved responses: (1) increased total number of
circulating T-cells; (2) increased number of helper cells (CD4+);
(3) increased helper cell to cytotoxic cell ratio (i.e. CD4+ to CD8+);
and (4) increased lymphocyte response to phytohemagglutinins. Simi-
larly, Chandra516 randomly assigned a group of healthy elderly
individuals to receive placebo or a multivitamin/trace-element supple-
ment. Their nutrient status and several immunologic variables were
assessed at baseline and after six and 12 months. Compared with the
placebo group, those receiving the supplement showed the follow-
ing: (1) increased number of T-cell subsets; (2) increased number of
natural killer cells; (3) increased killer cell activity; (4) increased
serum IL-2 levels; and (5) improved antibody response to an
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antigenic stimulus. In addition, the supplemented group had signifi-
cantly fewer infectious sick days during the year.

More recently, the results of a randomized, double-blind, placebo-
controlled trial of two groups of community-dwelling adults, one with
type 2 diabetes and one without diabetes, in which the participants
received either placebo or a multivitamin and mineral supplement
were published.517 After one year follow-up, those receiving placebo
had significantly more infectious illnesses than those receiving
multivitamin and mineral supplements (73% versus 43%). Infection-
related absenteeism was also higher in the placebo group (57% ver-
sus 21%). Among the diabetic participants receiving placebo, 93%
had an infection during the study period compared with 17% of those
receiving supplements. Others518 compared delayed-type hypersen-
sitivity skin test (DHST) responses in elderly subjects who received
a placebo to those who received a micronutrient supplement. DHST
and circulating concentrations of nine micronutrients were measured
at baseline and after six and 12 months. After 12 months, the micro-
nutrient-supplemented group showed a significant increase in DHST
responses to a panel of seven recall antigens; there were no changes
in the placebo group.

Single micronutrients

(1) Vitamin E
Vitamin E is an efficient lipid soluble antioxidant that functions as a
“chain breaker” in lipid peroxidation of cell membranes and various
lipid particles (e.g. LDL). As with other critical micronutrients, vita-
min E is a common deficiency, especially in the elderly. As a result,
low vitamin E levels lead to unstable immune cell membranes which
lead to enhanced production of immunosuppressors (e.g. prostaglan-
dins); however, supplementation readily corrects the problem.519

In a double-blind, placebo-controlled study of healthy people 60 years
and older, Meydani et al.520 reported that vitamin E supplementation
resulted in the following improvements compared to the placebo
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group: (1) increased plasma and mononuclear cell vitamin E
levels; (2) increased positive antigen response to delayed-type
hypersensitivity skin tests; (3) increased IL-2 production; (4) increased
mitogenic response to concanavalin A; (5) decreased synthesis of
prostaglandin (PGE-2); and (6) decreased plasma lipoperoxy levels.
In a follow-up randomized, double-blind, placebo-controlled inter-
vention study of free-living healthy subjects 65 years and older, these
latter researchers assigned subjects to a placebo group or to groups
consuming 30, 200 or 800 mg/day of vitamin E and followed them
for 235 days.521 Compared with the placebo group, those receiving
200 mg/day had a 65% increase in delayed-type hypersensitivity skin
response (DTH) and a six-fold increase in antibody titer to hepatitis
B, as well as a significant increase in antibody response to tetanus
vaccine. The 60 mg/day group had a 41% increase in DTH and a
three-fold increase in hepatitis B antibody titer, while those receiv-
ing 800 mg/day increased their DTH by 49% and antibody titer by
2.5-fold. Thus, 200 mg/day of vitamin E, which is well above the
current minimum recommended intake, significantly enhanced in vivo
indexes of T cell-mediated functions. In addition, optimal vitamin E
supplementation has been shown to significantly improve blood clear-
ance of E. coli in cases of bacteremia.522 Conversely, a recent study
involving non-institutionalized well-nourished individual 60 years
and older found that neither a daily multivitamin-mineral supplement
nor 200 mg of vitamin E had a favorable effect on the incidence or
severity of acute respiratory tract infections.523 Thus, as is often the
case with clinical studies, some confusion remains.

(2) Vitamin C
Vitamin C (ascorbic acid) is a water-soluble antioxidant; it also
regenerates vitamin E in cell membranes and maintains LDL
particle integrity.524,525 Vitamin C is also important in neutrophil func-
tions, which perhaps explains its normally high concentration in
circulating leukocytes.

In an in vitro study, Anderson and Lukey526 showed that extracellu-
larly-released reactive oxygen species are mutagenic, immunosup-
pressive and autotoxic to phagocytes. Here, ascorbate efficiently
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neutralized phagocyte-derived extracellular oxidants while the
intracellular antimicrobial oxidants remained unchanged. They noted
that ascorbate causes a dose-related inhibition of lucigenin-enhanced
chemiluminescense of neutrophils activated by various leuko-
attractants as well as by a cell free superoxide (O

2
�.) radical

generating system. Others showed that vitamin C alleviates the glu-
cocorticoid suppressive effect on neutrophil function in cattle,527

and Gross and associates528 found that ascorbate supplementation
in chicks with E. coli pericarditis significantly reduced mortality
compared to non-supplemented controls.

(3) Vitamin A and carotenoids
Beta-carotene, lycopene, lutein and other structurally-related caro-
tenoids are important antioxidants. Lycopene and beta-carotene
effectively neutralize singlet oxygen while the latter also quenches
peroxyl radicals.529 Numerous experimental animal studies have dem-
onstrated that carotenoids modulate host defense systems. For
example, Chew530 observed that beta-carotene supplementation
increased the (1) total number of circulating mononuclear cells;
(2) number of helper T-cells; (3) natural killer cell cytotoxicity; and
(4) tumor necrosis factor-alpha and IL-1. In humans, Alexander
et al.531 reported that beta-carotene supplementation increases both
total lymphocytes and percent of T-helper cells without affecting the
percentage of T-cell subsets. More recently, others532 studied the
effects of beta-carotene on photosuppression of the immune response
induced by ultraviolet light. The group supplemented with beta-
carotene showed no significant change in delayed-type hypersensi-
tivity (DTH) response to ultraviolet light, while the placebo group
experienced a significant decrease in DTH response.

Until relatively recently, vitamin A research was focused mainly on
the prevention of xerophthalmia and blindness in children in under-
developed countries, as well as on the development of synthetic
retinoids with lower toxicity than vitamin A for the treatment of skin
disorders. More recently, there has been an increased focus on child-
hood mortality from infectious diseases that accompany
xerophthalmia since vitamin A treatment of this visual disorder has
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also been somewhat effective against the accompanying infectious
diseases. This raised the possibility that vitamin A has some influ-
ence on the immune system. Indeed, Semba et al.533 conducted a
randomized double-blind placebo-controlled clinical trial among 55
Indonesian children aged three to six years. Thirty of the children
had xerophthalmia and 25 did not. The researchers found that chil-
dren with xerophthalmia had lower CD4/CD8 ratios, lower propor-
tions of CD4 naive T-cells, and higher levels of CD8 and CD45RO
cells than those without xerophthalmia. However, five weeks of vita-
min A supplementation resulted in higher CD4/CD8 ratios, higher
levels of CD4 naive T cells, and lower proportions of CD8 and
CD45RO T-cells compared with the placebo group.

(4) Zinc
Zinc (Zn) is an essential trace element, being a cofactor for about
200 enzymes, including the cytoplasmic antioxidant copper-zinc
superoxide dysmutase (Cu-ZnSOD). Thus, zinc is closely involved
with and has a diversity of roles in the fundamental processes of
cellular growth and differentiation. More specifically, Zinc (1) com-
petes directly with copper, iron and other transition metal cations
and thereby decreases production of the potent hydroxyl and other
radicals; (2) protects protein sulfhydryl groups from oxidation; and
(3) stimulates the immune system. Moreover, Zn deficiency is asso-
ciated with lymphoid atrophy, decreased thymic hormone activity,
decreased dermal delayed-hypersensitivity response and delayed
homograft rejection.534

Plasma Cu-ZnSOD activity correlates inversely with age,535 and
plasma Zn levels are commonly decreased in elderly humans. For
example, 49% of a group of 260 institutionalized patients ages 60 to
101 were found to have zinc intakes below two-thirds of the recom-
mended dietary allowance (RDA).536 In another study, 67% of men
and 81% of women ages 60 to 89 years had zinc intakes that were
less than two-thirds of the RDA.537

Zn supplementation reportedly stimulates both B- and T-cell activity.
For example, Duchateau and associates538 supplemented an elderly
group aged 70 years and over with daily oral ZnSO

4
. Compared with



Nutrition 457

the non-supplemented control group, those receiving Zn daily showed
significant improvement in the following areas: (1) increased num-
ber of circulating T-cells; (2) improved delayed-hypersensitivity
response; (3) increased antibody response to tetanus vaccine; and
(4) improved lymphocyte mitogen responsiveness. Moreover, Fortes
et al.539 reported that with Zn supplementation, a healthy group of
elderly people showed signif icantly increased levels of both
CD4+DR+ and cytotoxic T-cells. The topic of zinc and immune func-
tion has been recently reviewed.540

Zinc deficiency is very common in children of developing countries.
Because of zinc’s fundamental roles in cell growth and differentia-
tion, young growing children are very vulnerable to the adverse
effects of zinc deficiency. Thus, cells with a rapid turnover rate,
especially those of the immune and gastrointestinal systems, are most
vulnerable to zinc deficiency. As a result, it contributes significantly
to diarrheal illnesses, which in turn contribute to growth retardation
and early death.541 However, Zn supplementation of infants and young
children with acute diarrhea reportedly reduces the severity and
duration of the diarrhea, as well as pneumonia.540–543 Others544 found
that Zn supplementation improved T cell-mediated responses, which
are critical for host protection against parasitic infections.

Numerous studies have recently been reported on the use of zinc
salts lozenges in humans with the common cold. These early studies
have generally showed mixed results. The authors of a meta-analysis
of eight clinical trials before 1997 concluded that “the evidence for
effectiveness of zinc salts lozenges in reducing the duration of
common colds is still lacking.”545 In two more recent reports, one
indicated that zinc gluconate lozenges were not effective in treating
cold symptoms in children or adolescents,546 whereas the other con-
cluded that zinc lozenges were “associated with reduced duration
and severity of cold symptoms, especially cough.”547

(5) Selenium
Selenium (Se) is an essential trace element, being a cofactor for
several enzymes, including glutathione peroxidase (GPx), an
antioxidant enzyme. Se levels and GPx activity are both commonly
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decreased in the serum of elderly individuals.548 Beck549 studied a
mouse model of coxsackie virus B3 (CVB3)-induced myocarditis
and showed that Se-deficient mice were more susceptible to the
virus than Se-supplemented mice. He also found that a normal
benign strain of CVB became virulent in Se-deficient mice, suggest-
ing that oxidative stress may be an important factor. Others550

reported depressed natural killer cell activity and depressed T cell-
mediated cytotoxicity by either Se or vitamin E deficiency, or their
combination. Se deficiency in mice has also been shown to produce
a decreased lymphocyte response to concanavalin A.551 The impor-
tance of selenium for a healthy immune response in humans, as well
as other critical health roles for this essential element (e.g. cancer,
CHD, etc.), was recently reviewed.552

(6) Glutamine
Glutamine is generally considered to be a non-essential amino acid.
Nevertheless, glutamine is a very important antioxidant since it is
the precursor of glutathione (GSH), which is necessary to remove
hydrogen peroxide (H

2
O

2
) by converting it to water in the presence

of the selenoenzyme, glutathione peroxidase (GPx); this prevents the
formation of the potent hydroxyl free radical.

H
2
O

2
� 2GSH — GPx → 2H

2
O � GSSG

In an experimental study, the effects of glutamine-rich total parenteral
nutrition (TPN) was compared with standard TPN in rats who were
challenged with intraperitoneally introduced bacteria (E. coli).553 The
results showed that the number of E. coli in systemic blood at two
hours after intraperitoneal challenge was significantly lower in the
glutamine-TPN than those receiving standard TPN. In addition,
the glutamine-TPN group had higher tumor necrosis factor levels in
the peritoneal lavage fluid and liver, higher splenic interferon-gamma
levels, and lower plasma IL-8 levels compared with those receiving
standard-TPN.

Severely ill surgical patients undergo glutamine depletion which
reportedly results in immune dysfunction. To investigate this further,
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O’Riordain et al.554 carried out a random clinical trial of surgical
patients on total parenteral nutrition who underwent colorectal
resection. They found that glutamine supplementation resulted in a
significant T-cell mitogenic response compared with those not supple-
mented. Moreover, glutamine supplementation increased T-cell pro-
duction in patients with severe acute pancreatitis compared with a
non-supplemented group. A review of the evidence supporting the
positive effects of glutamine on the immune system, as well as in
human trauma cases, has been recently published.555

Cataract and Macular Degeneration

Cataract

A cataract is an opacification of the lens that results in decreased
visual acuity and may lead to blindness. Cataracts increase with
increasing age and are an important cause of disability among the
elderly. Moreover, cataract extractions are the most common surgi-
cal procedure performed in the US, and perhaps the most costly item
on the Medicare budget since well over one million cataract extrac-
tions are performed annually in the US.556 The identification of
factors that might delay or prevent cataract formation would, there-
fore, be highly important for increasing the well-being of older people
and reducing the associated medical costs.

The fact that oxidative damage of lens proteins is a major factor in
the pathogenesis of the cataract development has led to speculation
that various dietary factors, especially micronutrients with antioxi-
dant capabilities, may slow or even prevent cataract development.557

Indeed, most recent studies support this supposition. In a case-
control study, 207 Italians with cataracts were compared with
706 cataract-free control subjects.558 After controlling for alcohol,
coffee, tea and cola, along with age, sex, education level, smoking
status, weight and diabetes, there was a significant inverse risk trend
of cataracts for intakes of meat, cheese, cruciferous vegetables,
spinach, tomatoes, citrus fruits, peppers and melon. Conversely, a



460 Chapter 4

significant increase in risk was found for those consuming increased
quantities of butter, total fat and salt. Others559 conducted a case-
control study to investigate the association of various antioxidants
and the risk of cataract in a Mediterranean population. Here, blood
samples were analyzed for vitamin C in 343 individuals with cata-
racts and 334 age-sex-matched controls without cataracts. After cor-
rection for potential confounders (i.e. smoking, alcohol intake and
education level), they found that blood vitamin C levels of 49 umol/
L and higher were associated with a 64% reduced risk for cataract.

An early Canadian study suggested that the risk of cataract may be
reduced by 50% with dietary supplements of vitamins C and E.560

Similarly, the Beaver Dam Eye Study evaluated the association
between cataracts and multivitamins in a population-based cohort
aged 43 to 86 years.561 They found that, compared with vitamin
non-users, the five-year risk of cataract was 60% lower among those
who reported the use of multivitamins or any supplement contain-
ing vitamin C or E for more than ten years. However, use of vita-
min supplements for a shorter time period was not associated with
a reduced cataract risk. Jacques et al.562 also reported that multivi-
tamin supplements reduced the prevalence of nuclear cataract (odds
ratio 0.60). For both nuclear and cortical cataract, a longer duration
of multivitamin use was associated with reduced prevalence of both
cataract types.

Prospective cohort studies of carotenoid intake and risk of cataract
extraction involving 36,684 male professionals563 (Health Profession-
als’ Follow-up Study) aged 45 to 75 years and 77,466 female nurses564

(Nurses’ Health Study) aged 45 to 71 years were recently published.
The results showed that men in the highest quintile of lutein and
zeaxanthin (carotenoids) intake had a 19% lower risk of cataract
extraction relative to men in the lowest quintile; the corresponding
decreased risk for women in the highest quintile compared with the
lowest was 22%. Nevertheless, all studies do not support a protective
role for antioxidants against age-related cataracts. For example, the
Age-Related Eye Disease Study (AREDS) recently published their
findings in a randomized, placebo-controlled clinical trial of
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high-dose antioxidant supplementation and age-related cataract.565

This study group concluded that the use of high doses of vitamins C
and E and beta-carotene “in a relatively well-nourished older adult
cohort had no apparent effect” on the development or progression of
age-related cataract. They noted, however, that the AREDS partici-
pants were relatively well nourished compared with the general popu-
lation. Hence, the study participants may have already been relatively
well protected against cataract formation. Similarly, a randomized,
double-blind, placebo-controlled trial involving current non-smok-
ing American male physicians found no significant difference in cata-
ract formation in the beta-carotene-supplemented group compared
with those receiving placebo.566 Among current smokers, however,
beta-carotene decreased the cataract risk (relative risk, 0.74).

In an interesting study involving 60,657 women aged 43 to 63 years,
Hu and associates567 hypothesized that cataract development might
be a marker for CHD since oxidative damage to proteins is important
in cataract formation and to lipids in arteriosclerosis. After a
ten-year follow-up period, they found that cataract extraction was
significantly associated with an increased risk for CHD (relative risk,
1.88). This association was even greater among women with a
history of diabetes (relative risk, 2.80). Thus, there appears to be
related risk factors for these disorders.

Macular degeneration

Age-related macular degeneration (AMD), a chronic progressive
loss of central vision due to damage to the retinal cells, is the lead-
ing cause of blindness in the US and other developed countries.
Over 25% of people 75 years of age and older have some signs
of age-related maculopathy and 6% to 8% have advanced stages of
AMD that are associated with visual loss.568 Although the causes of
AMD are not known, there are many risk factors including smok-
ing, hypertension, carotid and lower extremity arterial diseases,
increased serum cholesterol, increased saturated fat and trans-fatty
acid consumption, and BMI; importantly, all of these are risk
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factors for CHD. Moreover, as emphasized earlier in this chapter,
oxidative reactions have been proposed as a causative factor in
aging and numerous diseases, including CHD and AMD. In
addition, there is increasing evidence that the accumulation of
lipofuscin, a product of lipid perioxidation, in the retinal pigment
epithelium is involved in the development of AMD.569 This sug-
gests that dietary antioxidants may reduce lipofuscin production
and AMD. Indeed, these latter investigators reported a significant
reduction in lipofuscin with the addition of lutein, zeaxanthin,
lycopene, or alpha-tocopherol to rabbit and calf retinal epithelial
cells exposed to increased oxidative stress.

In an early multicenter Eye Disease Case-Control Study570 of sub-
jects 55 to 80 years of age, individuals in the highest quintile of caro-
tenoid intake had a 43% lower risk for AMD compared with those in
the lowest quintile (odds ratio, 0.57). This decreased incidence was
especially significant for those with a high dietary consumption of
lutein and zeaxanthin (rich in dark green leafy vegetables). However,
the intake of neither preformed vitamin A (retinol) nor vitamin E
was statistically associated with decreased AMD risk, while a higher
intake of vitamin C only suggested a possible lowered risk for AMD.
More recently, a larger double-masked clinical trial was carried out
involving persons aged 55 to 80 years over a 6.3-year period.571 The
participants were randomly assigned to one of four groups to receive
daily oral tablets containing: (1) antioxidants (vitamin C, 500 mg;
vitamin E, 400 IU; beta-carotene, 15 mg); (2) zinc (80 mg as zinc
oxide) and copper, (2 mg as cupric oxide); (3) antioxidants plus zinc;
and (4) placebo. The findings showed a reduction in AMD in those
who received antioxidants plus zinc (odds ratio, 0.72), zinc alone
(odds ratio, 0.75), or antioxidants alone (odds ratio, 0.80). The
demonstrated benefit of the combination of antioxidants plus zinc in
protecting against progression to advanced AMD was 25% to 30%.
Thus, although increased dietary intake of various antioxidants may
slow the progression of AMD, they cannot prevent the disease. As
noted in a recent editorial,572 “further advances will require a better
understanding of the pathogenesis of the condition and the develop-
ment of new interventions.”
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With respect to the pathogenesis of AMD, recent studies have evalu-
ated a possible role for dietary fat and fatty acids. Smith and
associates573 carried out a cross-sectional, urban population-based
study with 3654 participants aged 49 years and older. The results
showed that a higher frequency intake of fish was associated with a
decrease in AMD (odds ratio 0.5 for frequency of fish intake of more
than once per week versus less than once per month). In addition,
those with a high consumption of cholesterol were significantly more
likely to develop late age-related maculopathy (odds ratio 2.7 for the
highest quintile compared with the lowest quintile). Others also re-
ported that diets high in omega-3 fatty acids and fish were inversely
associated with the risk for AMD, but only when the intake of
linoleic acid was low.574 However, a higher intake of specific types of
fat, including monounsaturated and polyunsaturated fat and linoleic
acid were all associated with a higher risk for AMD.

In addition to dietary fat intake, increased body weight has been
associated with AMD. In a recent Physicians’ Health Study, the
authors found after adjusting for age, randomized aspirin and beta-
carotene intake and cigarette smoking, the incidence for visually
significant dry age-related maculopathy was lowest in men with a
“normal” BMI (22.0–29.9 kg/m2).575 Compared with the target BMI,
the relative risks for maculopathy were 1.24 for overweight men
(BMI 25.0–29.9 kg/m2) and 2.15 for the obese (BMI �30 kg/m2).
Interestingly, the study produced a J-shaped curve, indicating that
very lean men (BMI �22 kg/m2) are also at increased risk for AMD
(relative risk 1.43).

Type 2 Diabetes Mellitus

Type 2 diabetes (non-insulin-dependent diabetes mellitus; NIDDM)
is increasing throughout the world at a striking rate. According to the
World Health Organization (WHO), the number of diabetics is esti-
mated to double from 143 million to almost 300 million between
1997 and 2025.576 There are an estimated 17 million cases in the US,
but only about half have been diagnosed. Although type 2 diabetes is
reportedly the sixth leading cause of death in the US, it is probably
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higher since it is an important risk factor for CHD, cerebrovascular
disease, hypertension and renal failure.

A recent highly significant study from the Nurses’ Health Study in-
volving 84,941 women over a 16-year period found that 91% of the
cases were lifestyle-related and therefore preventable.577 The major
risk factor was overweight/obesity although physical inactivity, poor
diet and current smoking were also independent risk factors even
after adjustment for body weight. Indeed, a recent review of diet and
risk of type 2 diabetes reported that the most important lifestyle risk
factors were excess adiposity, especially centrally distributed, high
intake of saturated and trans fatty acids and physical inactivity.578

Here, Mann concluded that reduced saturated fatty acids and lifestyle
intervention “aimed at lowering rates of obesity are the changes most
likely to reduce the epidemic” of type 2 diabetes. Similarly, van Dam
et al.579 reported that total and saturated fat intake increased the risk
of type 2 diabetes in men (Health Professionals Follow-up Study).
As probably expected, however, these associations were not indepen-
dent of BMI. The authors also reported that “frequent consumption
of processed meats may increase the risk of type 2 diabetes.” Inter-
estingly, a recent report from the Nurses’ Health Study suggested
potential benefits of “high nut and peanut butter consumption in low-
ering risk of type 2 diabetes in women.”580 Nuts are rich in unsatur-
ated fat and other nutrients, but high in caloric content. The authors,
therefore, recommended regular nut consumption as a replacement
for intake of refined grain products or red and processed meats in
order to avoid excess caloric intake.

Diabetes is characterized by a decrease in the effect of insulin on
peripheral tissues (insulin resistance) and by the inability of the
pancreatic islets to compensate for this resistance. In addition to a
positive family history and the diabetic risk factors noted above,
there is some evidence that various dietary factors may increase
insulin resistance and, over the long term, influence the risk of type
2 diabetes. An example is a six-year study that involved 65,173
women 40 to 65 years of age who were free of all major diseases at
baseline.581 After adjustments for age, BMI, smoking, physical
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activity, positive family history, alcohol and cereal fiber and total
energy intake, the dietary glycemic index (the area under the blood
glucose response curve for each food expressed as a percentage of
the area after taking the same amount of carbohydrate as glucose),
was positively associated with diabetes (relative risk 1.37 compar-
ing the highest with the lowest quintiles. The glycemic load, an
indicator of global dietary insulin demand, was also positively
associated with diabetes (relative risk, 1.47). Conversely, some
dietary substances appeared to decrease insulin resistance and lower
the risk for type 2 diabetes. Thus, cereal fiber intake was inversely
associated with diabetes risk (relative risk 0.72 for highest versus
lowest quintile). Moreover, the combination of a high glycemic load
and a low consumption of cereal fiber significantly increased the
risk for diabetes when compared with a low glycemic load and high
cereal fiber intake (relative risk, 2.50).

More recently, these latter investigators prospectively compared the
relation between whole and refined grains and risk of type 2 diabetes
in a cohort of 75,521 women aged 38 to 63 years.582 After a ten-year
follow-up, the age and energy-adjusted relative risks were 0.53 for
whole grain, 1.31 for refined grain, and 1.57 for the ratio of refined
to whole grain intake. Others583 evaluated the possibility that isoca-
loric replacement of refined rice with whole grains and other plant
products might reduce insulin demand and lipid peroxidation in
patients with coronary artery disease. After 16 weeks, serum levels
of glucose and insulin decreased by 24% and 14% respectively in the
whole-grain group. In addition, whole grains and legume powder
consumption in coronary artery disease patients without diabetes sig-
nificantly decreased their fasting glucose and insulin levels. There
was also a significant reduction in plasma homocysteine levels.

Studies have consistently indicated that low magnesium intake is also
associated with diabetes mellitus. Indeed, the incidence of hypo-
magnesemia in type 2 diabetes reportedly varies from 25% to 39%.584,585

In a recent study involving a large group of white individuals, low
serum magnesium levels were found to be a “strong independent
predictor of incident type 2 diabetes.”586 Moreover, Humphries et al.587



466 Chapter 4

studied magnesium intake and insulin resistance in a sample of young
non-diabetic African American adults and found that dietary magne-
sium intake is inversely associated with insulin resistance.

Early studies indicated that increased blood glucose levels in both
diabetic humans and animals were associated with increased oxida-
tive stress. As such, it has been suggested that a free radical process
involving lipid peroxidation in cell membranes may be involved in
the altered glucose transport and microangiopathic disease associ-
ated with diabetes.588 Indeed, Paolisso et al.589 studied the effects of a
pharmacologic dose of vitamin E on the action of insulin in healthy
subjects and in patients with type 2 diabetes. They concluded that the
administration of vitamin E (900 mg/day) “is a useful tool to reduce
oxidative stress and improve insulin action.” In a separate publication,590

these authors reported that vitamin E supplementation for three
months reduced plasma levels of glucose, free fatty acids, triglycer-
ides, total cholesterol, low-density lipoproteins and apolipoprotein
B; plasma glycosylated hemoglobin levels (HbA1C) were also sig-
nificantly reduced. In addition, pharmacological doses of vitamins C
(1250 mg/day) and E (680 IU/day) taken four weeks reportedly low-
ered the urinary albumin excretion rate in type 2 diabetics by 19%. 591

Alpha-lipoic acid is also an excellent antioxidant in both aqueous and
lipid phases; as such, it regenerates vitamins C and E that had previ-
ously neutralized various reactive oxygen species. A recent report592

found that alpha-lipoic acid (600 mg/day) significantly improved the
imbalance between increased oxidative stress and depleted antioxidant
defense even in diabetic patients with albuminuria and poor glycemic
control. Moreover, the increased oxidative stress noted in early dia-
betic rat kidney cortex can be prevented by alpha-lipoic acid.593 On the
other hand, beta-carotene supplementation for12 years had no effect
on the risk of type 2 diabetes in a large randomized double-blind, pla-
cebo-controlled trial (Physician’s Health Study).594

Hypertension

Increased blood pressure is a very common disorder in the US and
other developed countries. A 1995 survey indicated that 24% of
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American adults (about 43 million) were hypertensive while only
47% had an optimal blood pressure (i.e. systolic pressure � 120 mm
Hg; diastolic pressure � 80 mm Hg).595 Furthermore, among Ameri-
can adults aged 50 years and older, a significantly higher proportion
were hypertensive and a much lower proportion had an optimal blood
pressure. Current guidelines to prevent hypertension include weight
control, increased physical activity, reduced salt intake and alcohol
consumption, and possibly increased dietary potassium. Clinical stud-
ies have also indicated that other dietary patterns may be important
in reducing the risk of hypertension.

Sodium

Observational epidemiologic studies have repeatedly identified
dietary sodium intake as an important risk factor for hypertension.
Randomized controlled clinical trials have also demonstrated that
reduced sodium intake results in blood pressure lowering in both
hypertensive and normotensive individuals. In a meta-analysis of
56 clinical trials in which urinary sodium excretion was monitored
as a measure of sodium intake, the mean decrease in systolic and
diastolic blood pressure for a 100 mmol/day reduction in sodium
excretion was 3.7 mm Hg and 0.9 mm Hg, respectively.596 However,
blood pressure reduction was significantly greater in studies of older
hypertensive people.

In the Dietary Approaches to Stop Hypertension (DASH) study,597

459 adults with systolic blood pressures less than 160 mm Hg
and diastolic blood pressures of 80 to 95 mm Hg were fed a three-
week control diet that was low in fruits, vegetables and dairy prod-
ucts with a fat content typical of an average American diet. The
subjects were randomly assigned to receive either the control diet,
a diet rich in fruits and vegetables, or a “combination” diet rich in
fruits, vegetables and low-fat dairy products with decreased satu-
rated and total fat (DASH diet). Sodium intake and body weight
were kept as constant levels. The data showed that the “combina-
tion” diet substantially lowered both systolic and diastolic blood
pressures (11.4 mm Hg and 5.5 mm Hg, respectively). More
recently, Sacks and coworkers598 randomly assigned a group of
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412 persons with and without hypertension to a typical American
diet (control diet) or the DASH diet. As in the previous study,597

the DASH diet substantially lowered the systolic and diastolic
blood pressures. In addition, compared with the control diet with
high sodium level (3.5 g/day), the DASH diet with a low sodium
level (1.2 g/day) led to a mean systolic blood pressure of 7.1 mm
Hg lower in persons without hypertension and 11.5 mm Hg lower
in those with hypertension. The negative effects of sodium were
also noted in African Americans, other racial/ethnic groups, and
in both men and women.

Since an elevated blood pressure is a strong risk factor for CHD
and stroke, a high dietary sodium intake might also increase the
risk of cardiovascular disease. To evaluate this hypothesis, 14,407
overweight and non-overweight persons aged 25 to 74 years were
studied over a 19-year period.599 The results indicated that a high
sodium diet is strongly and independently associated with an
increased risk of CHD, as well as all-cause mortality in overweight
individuals.

Potassium

The first clinical trial of potassium supplementation in hypertensive
individuals was probably reported in 1928.600 Since then, numerous
reports of blood pressure lowering by potassium supplementation have
been reported. However, as noted by Whelton and associates,601 only
about half were randomized controlled trials and most were too small
for definitive results. As such, this group carried out a meta-analysis
of 33 randomized controlled trials involving 2609 individuals. They
concluded that the results “support the premise that low potassium
intake may play an important role in the genesis of high blood pres-
sure.” More recently, it was shown that a daily potassium intake of
less than 2.4 g significantly increased the risk of stroke (relative risk,
1.5).602 Among diuretic users, the relative risk was 2.5 in those with a
serum potassium level less than 4.1 mEq/L. Unfortunately, the
authors did not evaluate the blood pressure with the potassium intake
or blood levels.
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Calcium

Over the past two decades, several epidemiologic studies, as well
as studies with laboratory animals, have supported the theory of
an inverse association between dietary calcium intake and blood
pressure. However, in a meta-analysis of 56 published reports on
this topic, the pooled analysis showed a systolic pressure reduc-
tion of only 1.27 mm Hg and a reduction of diastolic blood
pressure of 0.24 mm Hg.603 The authors concluded that calcium
supplementation may lead to a “small reduction in systolic but
not diastolic blood pressure.” They emphasized, however, that the
results do not exclude the possibility that calcium supplementa-
tion may be effective in lowering the blood pressure in some
subpopulations.

Antioxidants

It has been hypothesized that oxidative stress increases blood pres-
sure and leads to various medical complications. Hence, antioxidants
such as vitamin C and E might improve redox-sensitive vascular
changes associated with hypertension. Indeed, two recent reports
involving spontaneously hypertensive rats indicated that these two
antioxidants improve vascular function and structure and prevent the
progression of hypertension.604,605 These positive findings apparently
also apply to hypertension in humans. In a randomized double-blind,
placebo-controlled study, Duffy and associates606 reported that vita-
min C supplementation (500 mg/day) for 30 days reduced the sys-
tolic blood pressure of hypertensive patients by 9% (mean reduction,
13 mm Hg).

More recently, Kurl et al.607 conducted a 10.4-year prospective popu-
lation-based cohort study of 2419 randomly selected men aged 42 to
60 years with no history of stroke at baseline. The results showed
that men with the lowest plasma vitamin C levels (�28.4 umol/L)
had a 2.4-fold risk of any stroke (i.e. ischemic or hemorrhagic) com-
pared with those with the highest levels (
64.96 umol/L). Hyper-
tensive and overweight men with the lowest plasma vitamin C levels
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(�28.4 umol/L) had 2.6- and 2.7-fold risks for any stroke after ad-
justment for age and other known risk factors. The possible role of
antioxidants in the treatment and prevention of hypertension was re-
cently reviewed.608

Osteoporosis

Osteoporosis is a major health threat. An estimated ten million Ameri-
cans are currently affected by osteoporosis and another 18 million
have low bone mass.609 Osteoporotic fractures are an important cause
of both disability and death. For example, hip fracture is reportedly
associated with a 20% excess mortality in the year following the
fracture.610 Moreover, the direct medical costs of managing fractures
in 1995 was US$13.8 billion611; in 2001, the direct costs were
US$17 billion.612 Once believed to be part of the natural aging pro-
cess, especially in women, osteoporosis is no longer considered to be
age- and sex-dependent. Importantly, it is now recognized that this
metabolic disorder is largely preventable by optimization of bone
health throughout life in both men and women.

Osteoporosis is most prevalent in white postmenopausal women.
To determine the rate of bone loss in white women, Hansen et al.613

studied 178 early menopausal women over a 12-year period. The
average reduction in bone mineralization during this time was 20%,
although some women (“fast losers”) lost 10% more than others
(“slow losers”). The mean loss for the “fast losers” was 26.6% com-
pared with 16.6% for the “slow losers.” Thus, there is a 40% chance
that a 50-year-old white woman will have an osteoporosis-associated
fracture during her lifetime. Nevertheless, osteoporsis is common
in all populations and has significant physical, psychosocial and
financial consequences. As a result, many experts recommend that
prevention should begin in early life, even in childhood. Certainly,
it is important to recognize that osteoporosis is more easily
prevented than treated.

One of the major risk factors for osteoporosis is lack of adequate
physical activity, especially resistance and high-impact activities
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(Chapter 3). Sex hormones are also important determinants of peak
and lifetime bone mass in women, men and children. Other risk
factors include cigarette smoking and alcohol abuse, various
medications, lack of sex hormones, and excess glucocorticoid and
thyroid hormones. In addition, an adequate intake of vitamin D and
calcium is critical. The major osteoporotic risk factors are presented
in Table 4.13.614,615

General

Numerous studies have demonstrated that obesity, short stature and
African American ethnicity are all associated with a significantly
decreased incidence of osteoporosis. A recent prospective study616 of
6250 postmenopausal women with an average follow-up period of
7.6 years found a decreased fracture risk among obese and African
American women and an increased risk with advancing age, body
height and total fat intake. The relative risk among African Ameri-
cans was 0.45 compared with non-African Americans; women taller
that 170 cm (about 5'7") had a 64% increase in risk compared with
women less than 155 cm (about 5'1"). The risk for BMI decreased
from 1.00 for BMI �22 kg/m2 to 0.80 for BMI = 28 kg/m2 (over-
weight). The fracture risk increased from 1.00 for a total daily fat
intake of �57.2 g to 1.24 for an intake of �75.0 g.

Table 4.13: Risk Factors for Osteoporosis

Age Increasing age, menopause
Genetic Family history, Caucasian race, Asian ethnicity,

female sex, low BMI, increased height
Endocrine Estrogen and testosterone deficiency, excess intake

of glucocorticoids, corticosteroids and thyroid
hormone

Nutrition Inadequate dietary calcium and vitamin D, high fat
intake, excessive caffeine

Lifestyle Physically inactive, cigarette and alcohol abuse
Drugs/Medications Thiazide diuretics, antiepileptics (i.e. phenobarbital,

phenytoin, etc.), aluminum antacids,
anticonvulsants, heparin
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Calcium

Nutritional factors, primarily an inadequate intake of calcium and
vitamin D, contribute significantly to bone loss. Conversely, numer-
ous studies have shown that supplemental calcium reduces bone loss
in middle-aged, postmenopausal women and lowers the rate of verte-
bral fractures in women. A review and analysis of the medical litera-
ture found that calcium supplementation reduces the rate of bone
loss in premenopausal women by about 0.8% per year.617 This repre-
sents a 40% decrease when compared with untreated women. The
authors also compared results of the administration of oral estrogen
in conjunction with additional calcium intake either through diet or
supplements with those of estrogen alone. Their findings showed a
1.3% increase in bone mass of the lumbar spine with estrogen alone,
but 3.3% per year when estrogen was given in conjunction with cal-
cium (1183 mg/day). The mean increase in bone mass of the femoral
neck was 0.9% per year with estrogen alone compared with 2.4% per
year with estrogen plus calcium.

The current recommended guidelines of calcium intake for older
adults are listed in Table 4.14.618 The major dietary sources of cal-
cium include dairy products, grains, bony fish and some green leafy

Table 4.14: Recommended Daily Calcium Intake

     Age/Sex Group (Years) Daily Calcium Intake (mg)

Birth 1 400–600
Children 1–10 800–1200
Both sexes 11–24 1200–1500
Men 25–65 1000
Men 
65 1500
Women 25–50 1000
Women 50–65

On estrogens 1000
Not on estrogens 1500

Women 
65 1500
Pregnant/Nursing 1200–1500
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vegetables. However, the fraction of calcium absorbed from the
intestinal tract is inversely related to the daily intake — about 33.7%
of a 400 mg/day intake and 22.5% with an intake of 1000 mg/day.619

Furthermore, calcium supplements contain a variety of salts (car-
bonate, citrate, lactate, gluconate and phosphate) that vary in the
percentage of elemental calcium they contain by weight. That is, cal-
cium carbonate contains 40% elemental calcium whereas tribasic
calcium phosphate contains 39%, calcium citrate contains 21%, cal-
cium lactate contains 13%, and calcium gluconate contains 9%. In
addition, absorption of the various salts vary depending on a variety
of factors [i.e. age, salt solubility, tablet type (chewable, effervescent
and regular), achlorhydria versus normal gastric acid, degree of salt
ionization, etc.]. In addition, Weaver and associates620 reported that
an adequate calcium intake by vegetarians is impractical for most
people unless they add fortified foods or calcium supplements to
their diet. The authors also noted that dietary constitutents that
decrease calcium retention (i.e. salt, protein and caffeine) can also be
high in the vegetarian diet.

Vitamin D

The vitamin D endocrine system, consisting of cholecalciferol
(vitamin D

3
) and its metabolites, is critical in calcium homeostasis.

There is also increasing evidence that calcitriol, the active vitamin
D metabolite, functions as a steroidal hormone with other impor-
tant functions. Inadequate intake of vitamin D leads to reduced
calcium absorption, increased serum parathyroid hormone levels
and bone loss. Multiple studies have estimated the prevalence of
hypovitaminosis D in various groups at increased risk for deficiency
(i.e. nursing home residents, sunlight-deprived people and individu-
als 65 years and older) to be between 25% and 54%.621 Several
studies on vitamin D deficiency in older adults have recently been
reported. This vitamin deficiency is a particular problem for those
who are homebound, institutionalized, and where the opportunity
to spend time outdoors and exposure to sunlight is minimal, as in
the winter.622–624 British investigators found that older community
dwelling people also benefit by vitamin D supplementation.625 In
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this randomized, double-blind study of men and women aged 65 to
85 years, the relative risk for incident fractures for those supple-
mented with oral doses of 100,000 IU of vitamin D

3
every four

months was 0.78 after a five-year follow-up compared with the pla-
cebo group. The risk was 0.67 for first-time fractures in osteoporotic
sites (i.e. hip, wrist, forearm and vertebral). Moreover, the relative
risk for total mortality in the vitamin D group compared with the
placebo group was 0.88. The findings were “consistent in men and
women and in doctors and the general practice population.” There
were no adverse effects.

Occult vitamin D deficiency is also common in women not in the high-
risk category. LeBoff and associates626 studied 68 postmenopausal
community-dwelling women with no secondary causes of bone loss
admitted for elective hip replacement. Of these, 17 had osteoporosis
and 51 did not. An additional 30 patients admitted for elective hip
replacement had acute hip fractures. The women with fractures had
significantly lower 25-hydroxyvitamin D blood levels than those
admitted with and without osteoporosis. Moreover, parathyroid hormone
levels were higher in women with a fracture compared with the other
two groups. Thus, 50% of women with hip fractures had deficient
serum vitamin D levels and 36.7% had increased parathyroid hormone
levels. The authors suggested that vitamin D supplementation with
suppression of parathyroid hormone at the time of fracture may reduce
the risk of future fractures and accelerate fracture repair.

As noted above, vitamin D is necessary to promote calcium absorp-
tion and presumably to prevent, or at least delay osteoporosis. In a
three-year study, 176 men and 213 women 65 years and older were
daily supplemented with 500 mg of calcium and 700 IU of vitamin
D (cholecalciferol)627; supplementation resulted in moderately reduced
bone loss in the femoral neck, spine and total body. In addition, the
incidence of non-vertebral fractures was reduced. These findings are
in agreement with earlier reports regarding the incidence of hip frac-
tures in elderly women in which supplements of vitamin D and
calcium reduced the fracture rate by 30% to 70% over a two- to four-
year period.628,629
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The minimum recommended daily allowance of vitamin D is 400 IU
(10 mg) for those aged 51 to 70 years and 600 IU (15 mg) for those
aged 71 years and over. However, considerable evidence suggests
that these levels are inadequate, and that especially for those at high
risk, the recommended daily intake should be 800 IU (20 mg).630

Vitamin A

Increased vitamin A intake has been shown to increase the occurrence
of spontaneous fracture in laboratory animals.631 In addition, a high
dietary intake of vitamin A during pregnancy reportedly increases the
risk of skeletal deformities in human fetuses,632 as well as hip fractures
in postmenopausal women.633,634 More recently, the risk of fracture was
shown to be increased in men with elevated serum levels of retinol.635

In this study, the risk of fracture in men with retinol levels in the
highest 99th percentile was seven times greater than for men in the
lowest quintile.

Potassium bicarbonate and bisphosphonate

In normal people, a low level of metabolic acidosis and positive acid
balance exists. Sebastian et al.636 postulated that over a lifetime this
could lead to a significant decrease in bone mass. To test this pos-
sibility, they administered potassium bicarbonate (60–120 mmol/day)
for 18 days to a group of postmenopausal women. Their results showed
that the oral administration of potassium bicarbonate improved
calcium and phosphorus balance, reduced bone resorption and
increased the rate of bone formation.

In an initial study, bisphosphonate (alendronate) was shown to
decrease the risk of vertebral, hip and wrist fractures by about 50%
and all clinical fractures by 28% among women with vertebral
fractures.637 More recently, these investigators reported that
bisphosphonate increased bone mineral density (BMD) in postmeno-
pausal women with low BMD but without vertebral fractures; it also
decreased the risk of a first vertebral deformity.638
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Miscellaneous minerals

Zinc def icits have been associated with the development of
osteoporosis.639 Thus, both decreased serum zinc levels640 and
excessive urinary zinc loss641 have been reported in osteoporotic
people. In addition, the hypothesis that zinc deficiency may cause
osteopenia in athletes has been recently supported.642 These
researchers studied the effects of zinc deficiency on vertebral and
femoral bone mass in rats who exercised strenuously. Their
results confirmed the negative effect of strenuous exercise on bone
tissue, as well as the effectiveness of zinc supplementation in
preventing osteopenia.

It has long been recognized that sodium fluoride stimulates bone
formation. Furthermore, when administered to osteoporotic patients
in low doses, bone mass reportedly increases and the risk for verte-
bral fractures decreases. In a recent study, Rubin and associates643

reported that sustained-release sodium fluoride significantly reduced
the risk for vertebral fractures and increased spinal bone mass with-
out decreasing bone mass in the femoral neck and hip bones. Fluo-
ride is also very important in the prevention of tooth decay. Dental
caries is a multifactorial transmissible disease that affects 50% of
American children aged five to nine years and 67% of adolescents
aged 12 to 17 years.644 In addition, 94% of adults are affected.645

However, over the past 50 years there has been a major decline in
the prevalence of dental caries due to water fluoridation.646 Unfor-
tunately, many American communities still do not fluoridate their
drinking water.

Copper may also be important in bone formation. Early observa-
tions indicated that spontaneous fractures were frequent in cattle
and sheep grazing on copper-deficient pastures. It was subse-
quently noted that copper deficiency resulted in skeletal abnor-
malities and spontaneous fractures in children.647 In a subsequent
study involving elderly patients, Conlan et al.648 reported that
serum copper levels were inversely associated with risk for
femoral-neck fractures.



Nutrition 477

Neurologic Disorders

Oxidative stress and reactive oxygen species are widely accepted as
major contributors to the aging process and numerous diseases,
including several neurodegenerative disorders.649 Studies with experi-
mental animals have repeatedly shown that antioxidant-rich diets not
only improve, but may reverse, various age-related declines includ-
ing neuronal signal transduction and cognitive, behavioral and motor
learning deficits.650

Cognitive function and aging

Unsaturated fatty acids

Cognitive function commonly decreases with age. Since polyun-
saturated fatty acids and antioxidants have important effects on
atherosclerosis and thrombosis, Kalmijn et al.651 investigated the
possible association of dietary fatty acids and antioxidants and
cognitive function in a cohort of men aged 69 to 89 years (Zutphen
Elderly Study). Their findings showed, after adjustment for vari-
ous confounders, that a high intake of linoleic acid (an n-6 fatty
acid) was associated with increased cognitive impairment (odds
ratio 1.76 for highest versus lowest tertile). However, an increased
intake of n-3 polyunsaturated fatty acids was not associated with
cognitive impairment. Indeed, a high fish diet, which is rich in n-
3 fatty acids, was inversely associated with cognitive impairment
(odds ratios � 0.63) and cognitive decline (odds ratio � 0.45).
However, intakes of beta-carotene, vitamins C and E, and
flavonoids were not associated with cognitive changes. Others
hypothesized that n-3 fatty acids may inhibit neuronal signal trans-
duction pathways and exhibit mood-stabilizing properties in
bipolar disorder.652 Thus, in a four-month, double-blind, placebo-
controlled study they found that patients supplemented with n-3
fatty acids had a significantly longer period of remission than the
placebo group given olive oil.
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Antioxidants

The brain is especially vulnerable to free radical damage because of
its high rate of oxygen consumption. Thus long-term oxidative stress
is widely believed to be a major factor in cognitive decline in older
people.653 To further evaluate this relationship, Ortega and
associates654 studied a group of men and women aged 65 to 91 years
who were free of significant cognitive impairment. The cognitive
capacity of each individual was tested using the Pfeiffer’s Mental
Status Questionnaire (PMSQ). The results showed that subjects with
vitamin E intakes lower than 50% of the recommended intake dem-
onstrated a greater number of errors in comparison to those with
higher vitamin E intakes. Moreover, subjects who made no errors in
the PMSQ test had significantly higher alpha-tocopherol serum lev-
els compared to those who made errors. Thus, the authors concluded
that a direct relationship exists between vitamin E intake and cogni-
tive function. A recent longitudinal population-based study adds fur-
ther support that vitamin E intake slows cognitive decline in older
persons.655 These researchers followed 2889 community-dwelling men
and women aged 65 to 102 years over a seven-year period. Cognitive
change was measured by the East Boston Memory Test, Mini-
Mental State Examination and the Symbol Digit Modalities Test. The
test results showed that vitamin E intake, either from foods or supple-
ments, lessened age-associated cognitive decline.

Current studies have also demonstrated that the age-related decline
in cognitive and motor-behavioral deficits in rats can be reversed
by the consumption of flavonoid-rich spinach, blueberries and straw-
berries.656 Others657 demonstrated that these phenolic antioxidants
attenuate neuronal cell death due to oxidative stress and may, there-
fore, reduce neurodegeneration associated with chronic free
radical-associated diseases.

Tardive dyskinesia

Tardive dyskinesia is a late-onset disorder in which there is impair-
ment of the power of voluntary movement resulting in fragmentary
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movements. It has been theorized that this disorder may in part result
from neurotoxic damage due to excess free radical formation.
Although several early studies of individuals with this disorder who
were supplemented vitamin E were carried out, the results were mixed.
To more fully evaluate the possible beneficial effects of vitamin E on
tardive dyskinesia, Adler and associates658 carried out a placebo-
controlled, parallel-design study. Their results showed that those with
the disorder who were supplemented with vitamin E had a mean 32.5%
improvement in the Abnormal Involuntary Movement Scale while
the placebo group showed no improvement.

Alzheimer’s disease

Alzheimer’s disease (AD) is the most common age-associated
neurodegenerative disorder. It affects about 15 million people world-
wide and the incidence increases from about 0.5% per year at age
65 years to 8% per year at age 85 years.659,660 If mild cases are included,
the prevalence may be as high as 10.3% in non-institutionalized white
persons over age 65 years,661 a figure that may be even higher for black
and Hispanic persons.662 In the US, the estimated average annual cost
of care per person is US$35,287; the total annual cost to the US economy
is more than US$141 billion (1997 dollars).663

AD is characterized by loss of memory, language and other cognitive
abilities. These functions are also accompanied by concomitant be-
havioral, emotional, interpersonal and social deterioration. Moreover,
AD may coexist with ischemic dementia,664 the second most com-
mon cause of age-related dementia. AD appears to have a long stage
of neuropathological change and cognitive decline before it is diag-
nosed, at which time there is a significant loss of cholinergic, dopam-
inergic and noradrenergic neurons. In addition to aging, other risk
factors for AD include Down’s syndrome, history of head injury, ciga-
rette smoking, diabetes mellitus and the APOE e4 allele.

Oxidative stress and AD

Although the exact cause of AD is not well understood, there is
considerable evidence that oxidative stress plays an important role
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in its pathogenesis. Support for increased oxidative stress in AD is
because the brain (1) has high energy requirements; (2) has a high
oxygen consumption rate; (3) is rich is peroxidizable fatty acids;
(4) is rich in transition metals which may catalyze the formation of
the potent hydroxyl radical; and (5) has a relative deficit in
antioxidative defenses compared with other organs. Moreover,
numerous quantitative markers of oxidative stress are increased in
AD (i.e. markers of lipid peroxidation, DNA oxidation and protein
oxidation (Table 4.15).

Several studies have shown that the onset of AD is usually pre-
ceded by an interim phase of mild cognitive impairment (MCI).
Moreover, a specific marker of in vivo lipid peroxidation (i.e.
isoprostane 8 and 12-iso-iPF

2-alpha
VI) is increased in AD. To further

understand this early phase, Pratico et al.665 investigated the urine,
plasma and cerebrospinal fluid levels of this marker and found sig-
nif icantly higher levels in subjects with MCI compared with
cognitively normal elderly subjects. Further support for an oxida-
tive role in AD pathogenesis comes from a recent caloric intake
study of elderly persons free of dementia at baseline who were fol-
lowed for a mean of four years.666 Here, compared with individuals
in the lowest quartile of caloric intake, those in the highest quartile
had an increased risk of AD (hazard ratio, 1.5). For persons with
the apolipoprotein E e4 allele, the hazard ratios of AD for the high-
est quartile of caloric and fat intake were 2.3 and 2.3, respectively
compared with the lowest quartiles.

Table 4.15: Oxidative Stress Markers in AD

Lipid Peroxidation
Lipid hydroperoxides (e.g. malondialdehyde)
4-Hydoxynonenal
Isoprostanes

Protein Oxidation
Protein carbonyls
Nitrotyrosine

DNA Oxidation
DNA strand breaks
8-Hydroxy-deoxyguanosine (8-OHDG)
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Dietary antioxidants and AD

An early case-controlled study reported that serum levels of vitamin
E and beta-carotene were significantly reduced in both Alzheimer’s
disease and multi-infarct dementia compared with a control group.667

Vitamin A levels were significantly reduced only in Alzheimer’s
patients. Since then, numerous studies have shown that increased
dietary intake of various antioxidants appear to delay the onset of AD.
For example, in a double-blind, placebo-controlled, randomized
multicenter trial in patients with Alzheimer’s disease of moderate
severity, 341 patients received a monoamine oxidase inhibitor
(selegiline), vitamin E, both selegiline and vitamin E, or placebo over
a two-year period.668 Using the Mini-Mental State Examination as a
covariate, both selegiline and vitamin E significantly slowed the pro-
gression of the disease. More recently, Engelhart et al.669 reported
that high dietary intake of vitamins C and E was associated with a
lower risk of AD, while others670 reported the “vitamin E from food,
but not other antioxidants, may be associated with a reduced risk of
AD.” However, this latter association was observed only among indi-
viduals without the APOE e4 allele.

Perry and associates671 stressed that “the study of single markers of
oxidative damage outside the context of oxidative balance is prob-
ably not sufficient to determine oxidative status.” In agreement with
this concept is a recent report regarding vitamins C and E in
Alzheimer’s patients.672 Prior studies indicated that patients with AD
have very low cerebrospinal fluid (CSF) levels of vitamins C and E.
These investigators set out to determine whether oral supplementa-
tion might elevate both plasma and CSF levels and thereby decrease
the susceptibility of lipoprotein oxidation. Two AD groups were
supplemented daily with either vitamin E (400 IU) and vitamin C
(1000 mg) or with vitamin E (400 IU) alone. Supplementation of
both vitamins significantly increased their concentrations in plasma
and CSF while susceptibility of plasma and CSF lipoproteins was
significantly decreased. Although vitamin E supplementation signifi-
cantly increased its concentration in both plasma and CSF, it did not
decrease lipoprotein oxidizability. Hence, supplementation with both
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vitamins was superior to vitamin E alone. The American Academy of
Neurology now recommends 1000 IU of vitamin E twice daily for
the treatment of patients with AD.673

Flavonoids, a family of antioxidants rich in brightly colored fruits
and vegetables, were described in an earlier section of this chapter.
However, it should be mentioned here that recent in vitro studies have
shown that these polyphenolic substances are effective in protecting
neuronal cells from oxidative stress674 and attenuate neuronal cell
death following uptake of oxidized LDL.675

Folic acid, homocysteine and AD

As discussed earlier in this chapter, an increased plasma homocys-
teine level is an important risk factor for arteriosclerosis. As such,
increased levels are associated with CHD, ischemic stroke and
peripheral vascular disease. Moreover, cross-sectional studies indi-
cate that elevated plasma homocysteine levels have been associated
with poor cognition and dementia. To study the possible association
of plasma homocysteine concentrations and AD, 1092 subjects
(425 men; 667 women), mean age 76 years, were followed over an
eight-year period (Framingham Study).676 Their results indicated that
individuals whose plasma homocysteine levels were 14 umol/L or
greater had nearly twice the risk of AD compared to those with levels
below 14 umol/L. However, as noted previously in this chapter,
elevated plasma homocysteine levels can usually be significantly
reduced by increasing the dietary intake of folic acid.

Dietary fats and AD

Data from an early epidemiologic study suggested that a high in-
take of total fat, saturated fat and dietary cholesterol may increase
the risk of dementia.677 To better understand this possible associa-
tion, Morris et al.678 studied 815 community residents aged 65 years
and older, who were unaffected by AD at baseline, and followed
them for a mean of 3.9 years. Their findings indicated that intakes
of saturated fat and trans-unsaturated fat were positively associated
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with an increased risk of AD whereas intakes of n-6 polyunsatu-
rated fat and monounsaturated fat were inversely associated with
AD. In their multivariate analysis adjusted for age, sex, race, edu-
cation and apolipoprotein E status (i.e. APOE e4 allele), persons in
the upper quintile of saturated fat intake are 2.2 times more at risk
of incident AD compared to those in the lowest quintile. The AD
risk also increased with increased trans-unsaturated fat. Although
there was an inverse association between AD and vegetable fat
intake, consumption of total fat, animal fat and cholesterol were
not associated with AD.

These investigators also evaluated the association of fish and n-3
polyunsaturated fatty acid consumption and risk of AD.679 In this pro-
spective study, conducted from 1993 through 2000, participants who
consumed fish at least once per week had a 60% less risk of AD
compared with those who rarely or never ate fish (relative risk, 0.4).
Total intake of n-3 polyunsaturated fatty acids was also associated
with a reduced risk.

Anti-inflammatory drugs and AD

Numerous epidemiologic studies have demonstrated an inverse as-
sociation between the use of non-steroidal anti-inflammatory drugs
(NSAIDs) and AD.680 In addition, recent clinical studies have shown
that NSAIDs slow the decline in cognitive function in patients with
AD.681,682 More recently, Broe and associates683 examined the asso-
ciation between NSAIDs dosage with AD progression. Their results
confirmed the inverse association between NSAIDs, including aspi-
rin and AD. This inverse association, however, was not present in
vascular dementia. Furthermore, high doses of NSAIDs were no more
effective than lower doses in slowing AD progression. Similarly, a
recent prospective, population-based cohort of 6989 people aged
55 years and older who were free of dementia at baseline was fol-
lowed for an average of 6.8 years.684 The relative risk of AD was 0.95
in subjects with short-term NSAIDs use, 0.83 in those with interme-
diate use, and 0.20 in those with long-term use. As with previous
studies, the use of NSAIDs was not associated with a reduction in
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the risk of vasular dementia. Others,685 however, recently reported
that neither rofecoxib or naproxen, both of which are NSAIDs, slowed
cognitive decline in patients with mild-to-moderate AD.

Caffeine and AD

Caffeine is the most widely consumed behaviorly active stimulant in
the industrialized nations. Various experimental models have shown
that chronically administered low doses of caffeine have
neuroprotective effects. To test the possibility that caffeine may be
effective in slowing the progression of AD, Maia and De Mendonca686

carried out a case-control study of 54 patients with AD and com-
pared them with 54 cognitively normal persons matched for age and
sex. Their results showed that long-term caffeine intake was signifi-
cantly inversely associated with AD (odds ratio, 0.40).

Parkinson’s disease

Parkinson’s disease (PD) is also a chronic neurodegenerative disorder
of unknown etiology affecting older persons. As with Alzheimer’s dis-
ease, considerable evidence suggests that excessive free radical pro-
duction may be an important factor. Indeed, a recent experimental study
showed that repeated intramuscular administrations of vitamin E in a
PD rat model resulted in a protective effect on the nigrostriatal dopam-
inergic neurons.687 In addition, numerous studies have demonstrated
an excess of transition metals, which may increase the production of
hydroxyl radicals, in the substantia nigra of individuals with PD. For
example, Lin688 recently showed that zinc and iron, both of which are
increased in the substantia nigra of PD patients, result in oxidative
injuries to the neurons in this brain area of rats.

However, epidemiologic studies on the effectiveness of dietary
antioxidants in preventing or delaying PD progression have been
inconsistent. For example, the Rotterdam Study reported that a high
intake of vitamin E may protect against PD,689 as did an earlier report
in an American population by Golbe et al.690 Conversely, others found
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no association between vitamins C and E and PD.691 More recently,
researchers at ten US medical centers randomly assigned 80 patients
with early PD to one of four treatment groups: placebo, 300, 600 and
1200 mg/day of coenzyme Q

10
(a very effective antioxidant).692

The participants were followed for up to 16 months. The results
showed that all groups receiving coenzyme Q

10
deteriorated more slowly

than the placebo group although “the benefit was greatest in subjects
receiving the highest dosage.” Importantly, there were no adverse
side effects.

Several studies have shown an inverse association between coffee
intake and PD, although there have been some inconsistencies. For
example, a longitudinal study from the Honolulu Heart Program found
that coffee intake appeared to reduce the risk of PD, but after adjust-
ment for smoking, there was no protective action.693 To further evalu-
ate the association of coffee and caffeine intake with PD risk, Ross
et al.694 analyzed data from 30 years of follow-up in 8004 Japanese-
American men aged 48 to 68 years. Their findings, independent of
smoking, “indicate that higher coffee and caffeine intake is associ-
ated with a significantly lower incidence of PD.”

Folic acid deficiency may also increase the risk for PD. In a recent
experimental study, mice fed a folate-deficient diet developed severe
Parkinson-like symptoms which were traced to elevated levels of
homocysteine in the brain.695 They postulated that this amino acid,
which has also been established as a risk factor for cardiovascular,
cerebrovascular and peripheral vascular diseases, damages DNA in
the substantia nigra, which is rich in dopamine neurons. Interest-
ingly, they noted that the administration of uric acid, an established
antioxidant, also ameliorated the adverse effects of homocysteine.

Nutrition and Miscellaneous Medical Disorders

Hypercalciuria

Idiopathic hypercalciuria is a common risk factor for the formation
of kidney stones. Although thiazides can reduce urinary calcium
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excretion, dietary modification should be the initial step since stone
formation is dependent on calcium intake. In addition, most people
with hypercalciuria have intestinal hyperabsorption of calcium.696 As
such, a low calcium diet is generally recommended. However, the
long-term effect of a low calcium diet in these patients is unknown.
To further study this disorder, Borghi et al.697 conducted a five-year
randomized trial comparing two diets in 120 men with hypercalciuria
and recurrent stone formation. One group (60 men) was assigned
a diet containing a normal amount of calcium (30 mmol/day)
but reduced amounts of animal protein (52 g/day) and salt
(50 mmol of sodium chloride/day). The other group was assigned
the traditional low-calcium diet (10 mmol of calcium/day). Interest-
ingly, dietary restriction of animal protein and salt combined with a
normal calcium intake provided significantly greater protection
against recurring stones and hypercalciuria than the traditional low-
calcium diet.

Gallbladder disease

Vitamin C is important in the catabolism of cholesterol to bile acids.
Experimental studies have shown that vitamin C-deficient guinea pigs
are prone to develop gallstones.698 To investigate the relationship
between vitamin C intake in humans and gallbladder disease (gall-
stone formation or history of cholecystectomy), data from a large
group of men and women enrolled in the Third National Health and
Nutrition Examination Survey were analyzed.699 The results showed
that serum ascorbic acid levels were inversely associated with the
prevalence of clinical asymptomatic gallbladder disease among
women but not among men.

Pre-eclampsia and eclampsia

Pre-eclampsia is an important cause of maternal morbidity and
mortality and accounts for over 40% of iatrogenic premature
deliveries. Until recently, there has been no effective medical
management of these complex cases except elective delivery. How-
ever, several empirical therapeutic methods have recently been
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shown to prevent or delay this traumatic and costly disorder.
Although the pathogenesis of pre-eclampsia is unknown, the
toxemia hypothesis, which suggests that the compromised placenta
produces substances that lead to pre-eclampsia, is a widely
accepted theory.

Recent studies suggest the possibility that free radicals may be
important in the pathophysiology of this disorder. Indeed, several
reports have demonstrated that various serum markers of oxidative
stress are increased in patients with both pre-eclampsia and eclamp-
sia relative to normal pregnancies. Moreover, the levels of these
markers directly correlate with increased systolic and diastolic blood
pressures.700,701 To clinically evaluate this theory, Chappell et al.702

studied 283 women at increased risk for pre-eclampsia. The women
were randomly assigned vitamin C (1000 mg/day) and vitamin E
(400 IU/day) or placebo at 16 to 22 weeks’ gestation. For those
participants who completed the study, there was a significant
decrease in pre-eclampsia risk in those supplemented with vitamins
C and E compared with the non-supplemented group (odds
ratio � 0.24).

Magnesium has also been shown to be an effective first-line treat-
ment in patients with pre-eclampsia since it reduces cerebral vaso-
constriction ischemia.703,704 In a recent study, magnesium sulfate
(MgSO

4
) was compared with nimodipine, a calcium-channel blocker

with specif ic cerebral vasodilator activity.705 This unblinded,
multicenter trial included 1650 women with severe pre-eclampsia.
The participants were randomly assigned to receive either nimodipine
(60 mg every four hours) or intravenous MgSO

4
from enrollment until

24 hours postpartum. The authors concluded the MgSO
4

“is more
effective than nimodipine for prophylaxis against seizures in women
with severe pre-eclampsia.

Birth defects and spontaneous abortion

Over the past two decades, numerous studies have evaluated the
association between various birth defects and maternal nutrition. The
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most commonly noted problems include neural tube defects, sponta-
neous abortion, and various organ and skeletal abnormalities.

Folic acid and birth defects

A neural tube defect (NTD) is one that involves any malformation of
the embryonic brain and/or spinal cord. The neural tube is formed 20
to 28 days after fertilization. The various forms of NTD range in
severity from anencephaly (absence of the cerebrum) to incomplete
formation of the spinal cord, cranial bones, vertebral arches, meninges
and overlying skin. NTD is among the most common of the severe
birth defects, the rate of occurrence with the first pregnancy being
about one in 1000 live births. In mothers with a previous NTD preg-
nancy, however, the rate is ten to 20 times higher. Each year, there are
an estimated 4000 affected pregnancies in the US and 300,000 to
400,000 worldwide. In 1991, the annual medical expenses of this
serious disorder in the US were estimated at US$200 million.706

In 1980, Smithells et al.707 published their results of a non-random-
ized trial suggesting that multivitamin supplementation during the
preconceptional period reduced the incidence of NTD. Since then
numerous studies have demonstrated a reduced risk among women
who took multivitamin supplements containing folic acid.708,709 As a
result of these studies, folic acid deficiency is now widely accepted
as a major risk factor for NTD. Indeed, in 1992 the US Public Health
Service recommended that women of childbearing age (i.e. aged 15
to 44 years) who might become pregnant should consume 400 ug of
folic acid daily to reduce the number of NTDs.710 In 1998, the Food
and Drug Administration required the fortif ication of
enriched cereal grain products with folic acid.711

To evaluate the impact of these public health policies on the preva-
lence of NTDs, Williams et al.712 identified 5630 cases of spina bifida
from 24 population-based surveillance systems from 1995 to 1999.
Their findings indicated a 31% decrease in the prevalence of spina
bifida from the pre- to post-mandatory fortification period; the preva-
lence of anencephaly decreased by 16%. Unfortunately, many women
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do not regularly consume cereal grain products. If they did, the preva-
lence of NTDs would be decreased significantly more. In fact, the
incidence of spina bifida and anencephaly could be reduced about
50% by the daily consumption of 400 ug of folic acid before concep-
tion and during the early days of pregnancy.713

Multivitamins and birth defects

In their review of the relation between multivitamin supplementation
and risk of various birth defects, Werler and associates714 referenced
several recent reports that suggested various other birth defects that
might be reduced by regular multivitamin intake. These include
defects of the lip and palate, heart, limbs, urinary tract, brain and
pylorus muscle. Indeed, renewed interest in vitamin K over the past
decade has occurred because of concerns that deficiencies may sig-
nificantly increase the risk of neonatal death in the first six months
of life from brain damage.715 In addition, vitamin K deficiency has
been linked to bone metabolism716 and questions have been raised
regarding the possibility that vitamin K deficiency may be important
in osteoporosis. Moreover, Lipsky stressed that there is an incorrect
theory that diet-induced vitamin K deficiency is non-existent and
that the “unsubstantiated” theory that vitamin K deficiency can
occur with antibiotic killing of intestinal bacteria.717 He concluded
that “the insistent belief that intestinal bacteria are an important source
of vitamin K has led to erroneous conclusions about the source of
vitamin K for human nutrition.”

Folic acid and spontaneous abortion

Some, albeit not all, early studies found that folic acid deficiency
was a significant risk factor for spontaneous abortion. George and
associates718 recently suggested that these “conflicting results could
be due to small sample size, highly selected populations, or lack of
control for potential confounders such as age, smoking and alcohol
consumption.” To clarify the risk of spontaneous abortion with folic
acid deficiency, these researchers carried out a population-based,
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matched, case-control study of 468 women with spontaneous abor-
tion and compared them with 921 controls from 1996 through 1998.
Their results showed that compared to women with plasma folate
levels between 2.20 and 3.95 ng/mL, women with folate levels of
2.19 ng/mL or less were at increased risk of spontaneous abortion
(odds ratio 1.47). Moreover, women with plasma folate levels of
3.96 to 6.16 ng/mL or higher showed no increased risk of early
spontaneous abortion.

As a final note, acute viral myocarditis was recently shown to be
associated with increased oxidative stress and lipid peroxidation.719

Moreover, these patients had a significant decrease in plasma and
erythrocyte antioxidant vitamins C, E and beta-carotene as well as
the antioxidant enzymes superoxide dismutase, catalase and glu-
tathione peroxidase. The study results led the authors to recommend
that patients with acute viral myocarditis be supplemented with these
vitamins and other antioxidants “to alleviate potential oxidative and
lipoperoxidative damages in their bodies.”

Nutrition and All-Cause Mortality

Life experience is dependent on numerous factors including genet-
ics, diet, BMI, level of physical activity, environmental toxins, and
personal habits such as smoking, alcohol and drug abuse, among
others. This chapter has focused, to a significant extent, on the role
of single nutrients, foods, or food groups on specific diseases. In this
section, several examples of the effects of nutrient intake and diet on
all-cause mortality will be presented.

Vitamin C is a critical micronturient and has an important role in many
biological processes including free radical scavenging, hemostasis, col-
lagen and hormone synthesis, and protection of cellular lipid mem-
branes which presumably affects the risk for various chronic diseases.
In an early study, the relation between vitamin C intake and mortality
was examined in a cohort of 11,348 non-institutionalized adults aged
25 to 74 years and followed for an average of ten years.720 The findings
showed a strong inverse relation between all causes of death and
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increasing vitamin C intake in males, but only a weak inverse relation
for women. Among men, the standard mortality ratio (SFR) for those
with the highest vitamin C intake was 0.65 for all causes, 0.78 for all
cancers and 0.58 for cardiovascular diseases. The SFRs for women
were 0.90 for all causes, 0.86 for all cancers and 0.75 for cardiovascu-
lar disease. More recently, others prospectively studied the relation
between plasma vitamin C levels and subsequent all-cause mortality,
cardiovascular disease, ischemic heart disease and cancer in 19,496
men and women aged 45 to 79 years.721 Their results showed a signifi-
cant inverse relation between plasma vitamin C levels and all-cause
mortality, cardiovascular disease and ischemic heart disease in both
men and women. However, vitamin C levels were inversely related to
cancer mortality only in men.

Noting that relatively few studies have addressed the health effects
of dietary patterns comprising interdependent dietary factors, Kant
et al.722 prospectively studied a cohort of 42,254 women, mean age
61.1 years, with a median follow-up of 5.6 years. Compared with
those in the lowest quartile of the Recommended Food Score (i.e.
sum of the number of foods recommended by current guidelines
including fruits, vegetables, whole grains, low-fat dairy, lean meats
and poultry), subjects in the upper quartiles for all-cause mortality
was 0.82 for quartile 2, 0.71 for quartile 3 and 0.69 for quartile 4,
after adjusting for the usual confounders (i.e. age, ethnicity,
education level, body weight, smoking status, alcohol use, physical
activity level, menopausal hormone use and disease history). Thus,
the current dietary guidelines, as discussed in the early sections of
this chapter, are associated with a decreased risk for various diseases
and overall mortality.

To further evaluate the association between diet and cancer, ischemic
heart disease and all-cause mortality, Fraser723 recently summarized
the results of a cohort study of 34,192 Seventh-day Adventists, most of
whom did not smoke cigarettes or drink alcoholic beverages. About
50% of those studied ate meat products less than once a week or not at
all and the vegetarians consumed more legumes, nuts, tomatoes and
fruit. The multivariate analysis showed the following: (1) a significant
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association was present between beef consumption and fatal ischemic
heart disease in men who ate beef three or more times a week; (2) a
significant protective association existed between nut consumption and
fatal and non-fatal ischemic heart disease in both sexes; (3) a reduced
risk of ischemic heart disease in those preferring whole grain to white
bread; (4) colon and prostate cancers were significantly more com-
mon in non-vegetarians; (5) frequent beef consumers had a higher risk
for bladder cancer; (6) legume intake was inversely associated with
risk for colon and pancreatic cancers; and (7) higher consumption of
all fruit and dried fruit was associated with lower risks of lung, pros-
tate and pancreatic cancers. The data also suggested that vegetarian
Seventh-day Adventists have lower risks for diabetes mellitus, hyper-
tension and arthritis compared with non-vegetarians.

Aging is associated with an increased frequency of diseases and disor-
ders involving virtually all organ systems which results in increased
mortality rates. A recent study examined the relationship between bio-
chemical markers and all-cause mortality in a group of nonagenarians
aged 90 to 100 years.724 Blood and urine were initially analyzed for 50
basic biochemical, hematologic and biologic markers; these analyses
were then repeated in six- to 12-month intervals during the four- to
45-month study period. Of the 50 markers, only increased serum
vitamin E and calcium levels and significantly lower serum alanine
aminotransferase and urinary neopterin levels were associated with the
survivors compared to those who died during the study period.

Chapter Summary

Good nutrition is critical for a long, productive and healthy life. Poor
dietary habits result in significantly increased risks for numerous
diseases and clinical disorders. Protein-energy malnutrition, a com-
mon problem in the elderly and lower socioeconomic groups, results
in several clinical problems and significantly increases medical costs.
In addition, dietary deficiencies of one or more of the 40 important
micronutrients are very common. However, all of these nutrients are
readily supplied by following the dietary guidelines discussed in the
first section of this chapter. These diet and nutrition guidelines serve
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two important purposes; they guide policy makers and educate con-
sumers. Moreover, dietary supplements may be important, especially
in the elderly where diet is often poor due to various reasons. Other
important dietary problems include excessive intakes of total fat, satu-
rated fats and trans-fatty acids. Conversely, there is need for increased
intake of the omega-3 (n-3) fatty acids, which are rich in fish and
some vegetable oils.

In order to improve peoples’ diets, as with excess body weight and
physical inactivity, it is critical that more national effort be expended
in educating the public and medical profession as to the importance
of nutrition. Moreover, this education must begin in early childhood
if we are to be successful. The exploding elder population puts
increasing demands on a health care system already burdened by the
elderly and the poor. Nevertheless, these personal and societal costs
can be markedly reduced by lifestyle changes, including more nutri-
tious diets. The government publications, Healthy People 2000 and
Healthy People 2010, are important steps in this direction.725 How-
ever, this information must be more vigorously and widely distrib-
uted if there is to be further improvement in the nation’s health and in
reducing the escalating medical costs.
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Substance Abuse, Herbal
Medicines and Environmental
Factors: Their Effect on Aging,
Health and Disease

Introduction

The referenced causes of death generally indicate the major patho-
logical conditions identified at the time of death as opposed to their
root causes. However, since most clinical diseases, disorders and in-
juries are multifactorial in nature, it is often very difficult to sort out
the relative contributions of the various factors. For example, in 1990
the ten leading causes of death in the United States were reportedly
heart disease (720,000), cancer (505,000), cerebrovascular disease
(144,000), accidents (92,000), chronic obstructive pulmonary dis-
ease (87,000), pneumonia/influenza (80,000), diabetes mellitus
(48,000), suicide (31,000), chronic liver disease/cirrhosis (26,000)
and human immunodeficiency virus (25,000).1 In the same year,
McGinnis et al.2 reported that the major non-genetic factors contrib-
uting to mortality in the US were tobacco (400,000), diet and activity
patterns (300,000), alcohol (100,000), microbial agents (90,000), toxic
agents (60,000), firearms (35,000), sexual behavior (30,000), motor
vehicles (25,000) and illicit drug use (20,000). Thus, about 50% of
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all 1990 deaths were attributable to specific external factors. In addi-
tion to these health altering factors, atmospheric pollutants, herbs,
ultraviolet radiation, among others may negatively contribute to the
aging process and increase the risk of various diseases and disorders
as well as decrease life expectancy and the quality of life. Moreover,
when the number of non-lethal problems are considered, it becomes
readily apparent that in addition to the tremendous personal costs,
the financial costs are also extensive. The association between these
risk factors and various diseases and disorders is presented in the
following sections of this chapter.

Cigarette Smoking

Prevalence, economic costs and mortality

Cigarette smoking is the leading cause of preventable death in the
US and results in substantial societal health-related economic costs.
According to the Centers for Disease Control (CDC), smoking caused
442,398 premature deaths each year from 1995 to 1999 (264,087 men;
178,311 women).3 The annual health-related economic losses during
this time were estimated at US$157 billion (US$3391/year for each
smoker). The annual per capita number of cigarettes smoked in 1900
was 54; this increased to 4345 in 1963 and then decreased to 2261 in
1998.4 According to recent CDC statistics, the percent of US smok-
ing adults in 1997 was 24.7%, a significant decrease from 1965 when
an estimated 42% of US adults smoked.5 However, since 1990, the
prevalence of cigarette smoking has remained about the same
(approximately 28.0% for men; 22.5% for women).6 In 1997, the
CDC reported the following smoking prevalence among various
groups of Americans:7

(1) Age: 18–24 years (28.7%); 25–44 years (28.6%); �65 years
(12%).

(2) Race/Ethnicity: American Indians/Alaska Natives (34.1%); non-
Hispanic blacks (26.7%); non-Hispanic whites (25.3%); Hispan-
ics (20.4%); and Asians/Pacific Islanders (16.9%).

(3) Education level: 9–11 years (35.4%); �16 years (11.6%).



546 Chapter 5

(4) Economic status: below poverty line (33.3%); at or above
poverty line (24.6%).

The smoking-attributable mortality rate also varies considerably with
the state of residence, Utah being the lowest (13.4%) and Nevada the
highest (24.0%).8 The goal of Healthy People 2010, the US Depart-
ment of Health and Human Services’ health promotion and disease
prevention initiative, is to reduce the smoking prevalence to 12% by
the end of the decade. The major diseases/disorders associated with
smoking include various neoplasms, cardiovascular and cerebrovas-
cular diseases, respiratory diseases, cataracts/macular degeneration
and pregnancy-associated disorders, among others. Smoking also
accelerates the aging process (Table 5.1).

The economic and health problems of smoking are not limited to the
US. Indeed, China, with 20% of the world’s population, now smokes
30% of the world’s cigarettes.9 Moreover, over the past decade
several publications have reported a marked smoking increase in
China. An early report found that from 1976 to 1986 half of the glo-
bal increase in tobacco use occurred in China and in 1984, 61% of
Chinese males over age 15 years smoked.10 The changing smoking
patterns suggested that by 2025, two million Chinese men will die
each year from smoking. Other smoking studies were limited to spe-
cific areas of China. For example, a study from the Minhang Dis-
trict, near Shanghai, found that 67% of men but only 2% of women
smoke.11 The cost of smoking represented 60% of the personal
income and 17% of household income. The figures were similar in a
1996 country-wide population-based Chinese study in which 63% of
men and 3.8% of women smoked.12

A significant increase in mortality attributable to smoking has also
been noted. According to a recent World Health Report,13 the annual
number of smoking-related deaths in 1998 were as follows: Europe,
1,273,000; Western Pacific, 1,093,000; the Americas, 772,000; South-
east Asia, 580,000; Eastern Mediterranean, 182,000; and Africa,
125,000. In a 16-year prospective study, about 20% of all Chinese deaths
during the 1980s were due to smoking.14 However, it was predicted
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that about 150 million Chinese smokers will die of smoking-related
diseases “if urgent tobacco-control measures are not instituted …”15

Additionally, the proportion of smoking-attributable male deaths in
Hong Kong is significantly higher (33%) than in mainland China.16

Examples of the percentage of 1990 deaths due to smoking in various
other countries are as follows:17 Italy (26%), Ireland (25%), Belgium
(31%), The Netherlands (32%), United Kingdom (28%), United States
(26%), Canada (27%), Poland (29%), Russian Federation (30%),
Ukraine (28%) and Hungary (29%). Except for Canada, US, UK and

Table 5.1: Major Diseases/Disorders Associated with Smoking

Aging
Cardiovascular Diseases

Hypertension
Ischemic heart disease
Aortic aneurysm

Cerebrovascular Disease
Neoplasms

Oral cavity, pharynx
Larynx
Lung, bronchus, trachea
Esophagus
Pancreas
Urinary bladder
Kidney
Leukemia, myelodysplastic syndromes

Lung Diseases
Chronic obstructive pulmonary disease
Invasive pneumococcal disease
Pulmonary embolism

Cataract and Macular Degeneration
Osteoporosis
Menopause
Pregnancy-Associated Disorders
Multiple Sclerosis
Thyroid Dysfunction
Type 2 Diabetes Mellitus
Hemoglobin Level
Physical Function
Psychologic Changes
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Ireland, the percentage of female deaths was less than 10% of the total
and most were less than 5%.

In Japan, the smoking prevalence among the general population is
reportedly about 54% for men and 14.5% for women; this is about
twice the prevalence of Japanese physicians (males, 27.1%; females,
6.8%).18 However, the smoking prevalence is higher among Japanese
male physicians than for male physicians in several other countries
(US, 3–10%; UK, 4–5%; New Zealand, 5%). An important mortality
study of British male physicians over a 40-year period found that about
50% of those who smoked died of causes secondary to smoking.19 A
later report indicated that half of the regular smokers in the US also die
prematurely of a tobacco-related disease.20

The prevalence of cigarette smoking among American high school
students increased during the early-mid 1990s,21 and over 80% of
adults that currently smoke began before aged 18 years.22 According
to the National Youth Tobacco Survey, the overall prevalence of
tobacco use during this time was 12.8% among middle school
students (grades 6–8) and 34.8% among high school students (grades
9–12).23 However, in 2001 the percent of high school students who
smoked had decreased to 28.5% (males, 29.2%; females, 27.7%).24

Nevertheless, a significant progressive increase with each grade still
exists (grades 9–12; 23.9%, 26.9%, 29.8%, 35.2%, respectively).

From 1993 to 1997, there was also a significant increase in cigarette
smoking among college students.25 Over this four-year period, ciga-
rette smoking increased from 22.3% to 28.5% in 99 of 116 college
studies; the increased smoking rate rose faster in public schools (from
22% to 29.3%) than in private schools (from 22.9% to 26.8%). The
problem is even more serious in other countries. For example, ciga-
rette smoking among secondary school students aged 14 to 18 years
in Budapest, Hungary increased from 36% in 1995 to 46% in 1999.26

Exposure to environmental tobacco smoke has been associated with
acute and chronic diseases among non-smokers; these include an
increased incidence of lung cancer, asthma, respiratory infections,
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coronary heart disease (CHD) and decreased pulmonary function.27

These workers reported that 43% of American children aged two
months to 11 years lived in a home with at least one smoker and 37%
of adult non-tobacco users lived in a home with at least one smoker
or were exposed to tobacco smoke at work. Lam et al.28 also reported
that smoke exposure among Hong Kong police officers who never
smoked had a significant increase in serious health disorders associ-
ated with smoke exposure at work.

Smoking prevention and treatment

Smoking cessation reduces the risk of tobacco-related diseases, in-
creases life expectancy and the quality of life even when smoking
stops after the age of 65 years or after the development of a smoking-
related disease.29 However, smoking has complex physiological and
psychological determinants. Hence, stopping smoking requires more
than just willpower. As a result, smoking is best regarded as a chronic
disease that requires a long-term management strategy. Less than 10%
of smokers who attempt to quit on their own are successful over the
long term.29,30 Moreover, although one-third of smokers try to stop
smoking each year, only about 20% seek professional help. The
major obstacle to quitting is the addictive nature of nicotine, which
causes tolerance and physical dependence. Thus, when smoking is
stopped, a withdrawal syndrome characterized by irritability, anger,
restlessness, impatience, anxiety, difficulty concentrating, insomnia,
increased appetite and depression often develops.31 However,
pharmacotherapy and physician counseling are both individually
effective in getting people to quit smoking, although a combination
of the two is most effective.32 Nevertheless, addiction treatments
“should be regarded as being long term, and a ‘cure’ is unlikely from
a single course of treatment.”33

In 1980, the American Medical Association Council on Scientific
Affairs recommended that physicians routinely assess their patients’
smoking habits and encourage them to quit by offering either direct
assistance or referring them to community clinics.34 To evaluate the
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success of these recommendations, Anda et al.35 analyzed data from
two random surveys of Michigan adults. Of the smokers who had
seen a physician in the previous year, 44% indicated that they had
ever been advised to quit smoking, although only 30% of young male
smokers had been so advised. In addition, smokers who were hyper-
tensive, obese, diabetic, sedentary, or users of oral contraceptives
were no more likely to be advised to quit smoking than smokers with-
out these CHD risks. The authors concluded that “most smokers do
not perceive physicians to be even minimally involved in their efforts
to quit.” Unfortunately, studies continue to document the failure of
physicians and other health care providers to intervene with their
patients who smoke. Indeed, only about half of current smokers indi-
cate they were encouraged to stop smoking and significantly fewer
received specific counseling.36

Since the hazards of smoking are well understood by physicians, why
is counseling their patients to stop smoking not more frequent?
According to Pearson et al.,37 the four major barriers are as follows:
(1) physicians do not believe they are effective; (2) physicians lack
behavioral counseling skills; (3) a belief that patients do not want
their physicians to intervene; and (4) inadequate time to counsel,
especially since reimbursement is not available. In addition, physi-
cians have generally not received adequate intervention training in
medical school. Thus, Spangler and associates38 recently reported that
although various education methods have been used in some medical
schools to train medical students in smoking intervention, there are
significant shortcomings including the following: (1) lack of inte-
gration of tobacco dependence information in all four years; (2) lack
of intervention training in smokeless tobacco; (3) tobacco interven-
tion that addresses cultural issues; and (4) long-term evaluation to
demonstrate that the acquired skills are retained.

Nevertheless, interventions by primary care physicians have consis-
tently yielded cessation rates of 10% to 20%, a three- to five-fold
increase over the one-year maintained cessation rate of 4% seen in
the general population.39 Thus, randomized controlled trials have
demonstrated that advice from a physician to stop smoking increases
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the rate of smoking cessation by about 30%. This is especially so
when the physician spends a few minutes (three or less) counseling
rather than just advising the patient to quit.40 Moreover, more than
half of smokers aged 50 years and over welcome physician advice to
quit.41 Unfortunately, as with obesity and physical inactivity (Chap-
ters 2 and 3), physicians are more likely to advise patients to stop
smoking after they have developed a smoking-related disease.

Early studies indicated that pharmacotherapy may be effective in
smoking cessation and five products have been approved by the Food
and Drug Administration (sustained-release bupropion and four nico-
tine replacement products).42 Thus, when both counseling and drug
therapy were combined, typical smoking cessation rates were 40% to
60% at the end of drug treatment and 25% to 30% after one year.40

More recently, however, Pierce and Gilpin43 examined the trends in
smoking cessation, pharmaceutical cessation aid use and cessation
success in the general California population in 1992, 1996 and 1999.
They concluded that nicotine replacement therapy, since becoming
available over-the-counter, “appears no longer effective in increas-
ing long-term successful cessation in California smokers.”

The major features of the American Heart Association guidelines for
health professionals to assist their patients in ways to quit smoking are
as follows:44

(1) counsel smoking patients to quit at every office visit;
(2) ask every patient about their tobacco use and record and update

this information on a regular basis;
(3) smoking interventions are helpful in as little as three minutes/

visit, but more successful with intense intervention;
(4) clinicians should receive training in patient-centered counseling

techniques; and
(5) establish links with other health professionals and organizations

to provide smoking cessation interventions.

The routine treatment of smokers by American physicians was
a national health objective for the year 2000. Unfortunately, these
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objectives “fell far short of national health objectives and practice
guidelines.”45

More important than quitting smoking is, of course, to never start.
Several studies have examined various methods to stimulate children
and adolescents not to begin smoking. In a cross-sectional longitudi-
nal cohort study, Sargent and Dalton46 recently published their
findings as to whether parental disapproval of smoking prevents
adolescents from becoming chronic smokers. After controlling for vari-
ous confounding influences, adolescents who perceived strong paren-
tal disapproval of their smoking were less than half as likely to
become established smokers. Additionally, the study suggested that
the peer smoking effect is attenuated when both parents strongly
disapprove of smoking “suggesting that parent disapproval makes ado-
lescents more resistant to the influence of peer smoking.” Others47 found
that adolescents who lived in smoke-free households were 74% less
likely to smoke than those who lived in households with no smoking
restrictions. In addition, adolescents who worked in a smoke-free work-
place were 68% less likely to smoke as adolescents whose workplace
had no smoking restrictions. Unfortunately, the promotion of smoking
by the tobacco industry “appears to undermine the capability of
authoritative parenting to prevent adolescents from starting to smoke.”48

Another major factor that influences young people to begin smoking
is the incidence and context of tobacco use in popular movies. In a
cross-sectional survey of 4919 children aged nine to 15 years, and
after adjustment of confounding factors, the prevalence of ever try-
ing smoking increased as the number of smoking occurences seen in
movies increased.49 Thus, 4.9% tried cigarettes in those who saw
0–50, 13.7% for 51–100, 22.1% for 101–150, and 31.3% for �150. In
addition, Tickle et al.50 found that if adolescents’ favorite movie stars
smoke, they are “significantly more likely to have an advanced smok-
ing status and more favorable attitudes toward smoking than adoles-
cents who choose non-smoking stars.” Thus, despite increasing
societal anti-smoking sentiments, movies “continue to model smok-
ing as a socially acceptable behavior and portray it as both a way to
relieve tension and something to do while socializing.”51
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Coordinated programs to prevent and reduce both youth and adult
tobacco use have been implemented in several states. To evaluate its
success in Florida, Bauer et al.52 assessed changes in youth cigarette
smoking following implementation of the Florida Pilot Program in
Tobacco Control. The surveys were completed by 22,540, 20,978
and 23,745 students attending 255, 242 and 243 Florida public middle
and high schools in 1998, 1999 and 2000, respectively. After two
years, current cigarette use decreased from 18.5% to 11.1% among
middle school students, and from 27.4% to 22.6% among high school
students. Similar positive findings were reported for cigarette never
users, experimenters, current smokers and former smokers. The
authors concluded that a comprehensive statewide program “can be
effective in preventing and reducing youth tobacco use.”

Workplace smoking results in significant employer costs such as in-
creased housekeeping and ventilating expenses, life and safety code
expenses, and replacement of computers and furniture.53 As a result,
many employers have addressed the problem with workplace smok-
ing bans. To evaluate smoking ban effectiveness, Longo and
associates54 examined the impact of workplace smoking bans on
employee smoking behaviors. This cross-sectional randomized study
of five years duration compared current or former smokers employed
in smoke-free hospitals with current or former smokers employed in
non-smoke-free workplaces. Their findings showed that the quit smok-
ing ratio for those sites that were five years postban was 0.506 in
smoke-free workplaces compared with 0.377 in workplaces that
allowed smoking. The authors recommended that all industries should
examine smoking bans as a method to improve employee health, as
well as to reduce medical costs and improve safety and employer
operating and maintenance expenses. The Johns Hopkins Medical
Institutions’ experience is an excellent example of the positive
effects of a hospital smoking ban.55 This prospective cohort study
measured changes in employee smoking behavior, environmental
fires, smoke-related litter and environmental tobacco pollution
exposure. Their findings showed the following: (1) 25% decrease in
employee smoking prevalence (21.7% to 16.2%); (2) 25% decrease
in the daily number of cigarettes smoked by employees who
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continued to smoke; (3) significant reduction in the level of public
smoking and the quantity of smoking remnants; and (4) decreased
concentrations of nicotine vapor in all areas except restrooms.

Smoking and oxidative stress

Increased oxidative stress due to various oxygen-derived free radi-
cals has been associated with over 100 diseases/disorders, including
the aging process, atherosclerosis, cancer, cataracts, diabetes and
immune deficiencies, among many others.56 Cigarette smoking has
also been associated with many of these disorders. Indeed, each puff
of a cigarette reportedly contains over one trillion free radicals in
both the tar phase (~1014) and gas phase (~1015).57 Cigarette smoking
also contains increased levels of nitrogen oxides.58 As a result, smok-
ers have significantly less antioxidant protection against the effects
of oxidative stress. However, the exact biochemical mechanisms in-
volved in the contributions of tobacco smoke to the various diseases
are not fully understood, although recent studies have significantly
increased our understanding of this association. For example, Reddy
et al.59 have shown that exposure of tobacco smoke results in rapid
depletion of reduced glutathione (GSH), the major cellular thiol and
an important antioxidant in respiratory tract lining fluids. Moreover,
the activity of oral peroxidase, the “pivotal enzyme” in the salivary
antioxidant system, is significantly decreased in persons after smok-
ing a single cigarette.60

Smokers may also have worse dietary habits. For example, French
male smokers eat less fruit and vegetables than non-smokers lead-
ing to decreased levels of essential antioxidants (i.e. vitamins C
and E and beta-carotene).61 These smokers also had lower plasma
levels of ascorbic acid and beta-carotene than non-smokers. More-
over, cigarette smoking accelerates the lowering of plasma vitamin
E levels.62 Environmental tobacco smoke is also associated with
decreased serum ascorbic acid levels in both adults63 and children.64

In this latter study, the authors noted that children exposed to to-
bacco smoke have an increased risk of respiratory diseases, asthma,
sudden infant death syndrome, lower birth weight and adverse lipid



Substance Abuse, Herbal Medicines and Environmental Factors 555

profiles. However, supplementation with dietary antioxidants, such
as ascorbic acid, has been shown to modulate the negative effects
of tobacco smoke.65

Tobacco smoke and atherosclerosis

Cardiovascular disease

Tobacco smoke damages vascular endothelium, a primary anteced-
ent to atherosclerosis.66,67 Smoking also has negative effects on
coronary artery vaso-occlusive factors, such as platelet aggrega-
tion, vasomotor reactivity and a prothrombotic state.68 In addition,
studies have consistently demonstrated that smokers have increased
plasma levels of cholesterol and decreased levels of high-density
lipoprotein cholesterol (HDL-C).69,70 Furthermore, the negative ef-
fects of plasma lipid levels are associated with the number of daily
cigarettes smoked. A major theory of the pathogenesis of athero-
sclerosis is oxidative modification of low-density lipoproteins by
free radicals.71,72 The scientific support for this theory has been re-
cently reviewed.56

Atherosclerosis, the major cause of CHD, stroke and gangrene of the
lower extremities, is responsible for about 40% of all mortality in the
US, Europe and Japan. The 2000 US mortality figures indicated there
were 709,894 deaths from heart disease (No. 1 cause of death) and
166,028 deaths from cerebrovascular disease (No. 3 cause of death).73

Together, they accounted for almost as many deaths as the other eight
major causes of death together (Chapter 1, Table 1.1). A relation
between cigarette smoking and CHD was first reported at the Mayo
Clinic in 1940.74 Since then, clinical studies have consistently shown
that cigarette smoking significantly increases the risk for CHD and
acute myocardial infarction (AMI), cerebrovascular disease and
stroke, peripheral vascular disease and aortic aneurysm.75 Indeed, in
women with type 2 diabetes mellitus there is a dose-response asso-
ciation between current smoking status and risk for CHD.76

Compared with never smokers, the relative risks for CHD were 1.21
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for past smokers, 1.66 for current smokers (one to 14 cigarettes per
day) and 2.68 for current smokers of 15 or more cigarettes per day.
The study strongly suggests that diabetic women who stop smoking
significantly reduce their risk of CHD. Unfortunately, smokers too
often deny the personal consequences of continued smoking. As
emphasized by Ayanian and Cleary,77 “most smokers do not view
themselves at increased risk of heart disease or cancer.”

Although CHD has long been considered a “man’s disease,” it is now
apparent that CHD is also the No. 1 cause of death in women.
Indeed, following menopause, the prevalence of CHD parallels that
of men. Moreover, women are more likely to die after a myocardial
infarction than men.78 They are also more likely to die following coro-
nary artery bypass surgery and coronary angioplasty, although these
latter events may, at least in part, be related to other factors including
diagnostic procedures, treatments, allocation of health care funds,
and society’s perception of the importance of CHD in women.79 Thus,
one in eight or nine American women aged 45 to 64 years reportedly
has clinical evidence of CHD and this increases to one in three in
those 65 years and older. With the aging of the population, more
American women now die of CHD each year than men. Furthermore,
white postmenopausal American women are ten times more likely to
die of heart disease than from breast cancer.79

Atherosclerosis begins in early childhood and progresses from sub-
endothelial macrophages filled with oxidized low density lipopro-
tein cholesterol (“foam cells”) to the grossly visible, slightly raised
yellowish lesions (fatty streaks), to progressively larger raised and
later calcified lesions that progressively narrow the arterial lumen
(atherosclerotic plaque). In a forensic autopsy study of adolescents
and young adults aged 15 to 34 years who died of external causes,
McGill et al.80 reported the following: (1) fatty streaks in the aorta
were more common in women than men; (2) raised aortic lesions
were equal in both sexes; (3) women and men had comparable fatty
streaks in the right coronary artery, however raised lesions were about
half the extent in women as in men; (4) fatty streaks were more
common in blacks than in whites, but raised lesions were similar;
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and (5) smokers had more extensive fatty streaks and raised lesions
than non-smokers.

Cigar smoking, also associated with serious health risks, has
increased rapidly in the US since 1993. To evaluate its relationship to
death from CHD, Jacobs and associates81 studied 121,178 men, aged
30 years and older, over a ten-year period. Interestingly, the risk
was not increased among current cigar smokers aged 75 years and
older. However, for younger male cigar smokers, the rate ratio of
early death from CHD was 1.30. The major consensus conclusions
from a recent American Cancer Society conference regarding the
effects of cigar smoking were as follows:82 (1) cigar smoking rates
are rising among both adolescents and adults; (2) cigar smoking
does not reduce the risk of nicotine addiction; (3) cigar smoking-
related deaths approach that of cigarette smoking as the number
of cigars smoked and the amount of smoke inhaled increases;
(4) cigar smoke contains more toxic and carcinogenic compounds
than cigarettes; and (5) cigar smoking increases the risk for cancers
of the lung and upper aerodigestive tract.

After reviewing the available epidemiological, clinical, physiologi-
cal and biochemical evidence prior to 1991, Glantz and Parmley
concluded that environmental tobacco smoke was a significant risk
factor for heart disease in non-smokers.83 In a subsequent literature
review, these authors concluded that “passive smoking reduces the
blood’s ability to deliver oxygen to the heart and compromises the
myocardium’s ability to use oxygen to create adenosine tri-
phosphate.”84 As such, these effects result in “an increased risk of
both fatal and non-fatal cardiac events.” More recent prospective studies
have confirmed that passive smoking increases the risk of CHD. For
example, a cohort study of 34,046 American non-smoking female
nurses, aged 36 to 61 years and followed for ten years, showed that
regular exposure to passive smoking at home or work significantly
increased the risk of CHD.85 Others86 compared the relationship
between active and passive smoking with the progression of athero-
sclerosis over a three-year period. The changes in atherosclerosis
from baseline were assessed by ultrasound measurement of the
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intimal-medial thickness of the carotid artery. Their findings
indicated that both active and passive smoking are associated with
progression of atherosclerosis. The authors further emphasized that
tobacco smoke is of particular concern for people with diabetes and
hypertension.

Although numerous studies have shown that passive smoke increases
the risk of CHD, the acute effects of passive smoking on coronary
artery circulation in non-smokers had not been evaluated until a
recent study by Otsuka et al.87 These researchers assessed the
coronary flow velocity reserve by non-invasive transthoracic
Doppler echocardiography in 30 Japanese men, half of whom were
smokers and half were non-smokers. Their findings showed that
passive smoking significantly reduced the coronary flow velocity
reserve in the healthy non-smokers. The results provide direct
evidence that passive smoking may cause acute endothelial dys-
function in non-smokers.

Significant advances have been made in the treatment of CHD,
peripheral vascular disease, and congestive heart failure, as well as
in the development of preventive strategies for these diseases. Clini-
cal studies continue to support primary prevention through aggres-
sive treatment of well defined risk factors including weight control,
increased physical activity, control of blood lipids, and diets low in
fat and rich in fruits, vegetables, grains, omega-3 fatty acids, and not
smoking. With respect to this latter risk factor, it is very important to
recognize that the risk of myocardial infarction in former smokers
approaches that of non-smokers after three years.88 Moreover, smok-
ing cessation in patients with established CHD is associated with a
significant reduction in risk of all-cause mortality.89 Indeed, even af-
ter having a myocardial infarction, smoking cessation significantly
decreases the risk mortalilty.90

Ischemic and hemorrhagic stroke

Although cigarette smoking is an independent risk factor for stroke,
studies conflict on the strength of the relationship. As noted by
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Robbins et al.,91 estimates of relative risk of stroke among current
male smokers have ranged from 0.90 to 4.2. To study the association
more closely, this group examined the relationship between cigarette
smoking and risk of stroke in 22,071 men (Physicians’ Health Study)
aged 40 to 84 at entry for an average of 9.7 years. Their results showed
the following risks relative to never smokers: former smokers, 1.20;
current smokers of �20 cigarettes per day, 2.02; and current
smokers of �20 cigarettes per day, 2.52.

Silent cerebral infarctions were first noted as part of the evaluation
of patients with transient ischemic attacks (TIA). Over 30 studies
have now reported the prevalence of silent cerebral infarctions in
the TIA population; however, estimates of the prevalence of these
silent infarctions based on CT scans have varied from 10% to 40%.92

More recently, Howard and associates93 reported the incidence of
silent cerebral infarctions to be 11% in the general population aged
55 to 70 years. Moreover, cigarette smoking had an ordered asso-
ciation with the presence of silent infarctions. The odds ratios com-
pared with non-smokers not exposed to environmental smoke were
as follows: non-smokers exposed to environmental smoke, 1.06;
past smokers, 1.16; and current smokers, 1.88. The authors also
reported an increased prevalence of silent cerebral infarctions
among black, older and hypertensive persons. Indeed, in combina-
tion with hypertension, cigarette smoking reportedly results in a
ten- to 20-fold increase in risk of stroke compared with the risk in
normotensive non-smokers.94,95

As with CHD, smoking cessation is associated with a significant
reduction in the risk of ischemic stroke, particularly in those who
smoke less than 20 cigarettes per day.96 However, a “complete loss
of risk was not seen in heavy smokers.” Moreover, switching from
cigarettes to pipe or cigar smoking conferred little benefit. Although
these and other studies have established that smoking is a risk
factor for ischemic stroke, the impact of smoking on intracerebral
hemorrhage has been less clear. However, Kurth and associates97

recently published their findings in a prospective cohort study among
22,022 American male physicians (Physicians’ Health Study). They
categorized smoking into four groups: never, past, current smokers
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of �20 cigarettes/day, and current smokers of �20 cigarettes/day.
Never smokers and past smokers had equal rates for both subarach-
noid and intracerebral hemorrhage. Current smokers of �20 ciga-
rettes/day had relative risks of 1.65 for total hemorrhagic stroke,
1.60 for intracerebral hemorrhage and 1.75 for subarachnoid hem-
orrhage. Current smokers of �20 cigarettes/day had a relative risk
of 2.36 for total hemorrhagic stroke, 2.06 for intracerebral hemor-
rhage and 3.22 for subarachnoid hemorrhage.

Tobacco smoke and cancer

The annual incidence rates and numbers of new cases of 25 different
cancers in 23 countries for the year 1990 were recently reported.98

The number of new cancer cases was 8.1 million (excluding non-
melanoma skin cancer), slightly over 50% of which occurred in
developing countries. The most common malignancy was lung cancer,
which accounted for 18% of cancers in men worldwide, and 21% in
men in developed countries. The authors concluded that tobacco
smoking and chewing are the major risk factors of cancer throughout
the world. They estimated that in 1990 there were 5.2 million world-
wide deaths, excluding non-melanoma skin cancers, from these 25
different cancers, 55% of which occurred in developing countries.99

Worldwide, lung cancer is the most common malignant disease with
over 900,000 deaths each year followed by gastric (600,000),
colorectal (400,000) and liver cancers (400,000). Worldwide, 20%
of all cancers are due to smoking.

Smoking causes about one-third of the cancer cases in the US, being
associated with cancers of the lung, mouth, pharynx, larynx, esopha-
gus, pancreas, uterine cervix, kidney, ureter and urinary bladder.100,101

As such, smoking is responsible for about 30% of all cancer deaths
in the US. In addition, the overall death rate from cancer is about
twice as high among smokers compared with non-smokers. Without
a doubt, tobacco use is the most important preventable cause of can-
cer in the world today. Tobacco products reportedly contain more
than 50 established or identified carcinogens which can cause gene
mutations that disrupt cell cycle regulation or via pathways that
affect the immune and endocrine systems.102
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Respiratory tract and oral cavity cancers

Lung cancer is the most common cancer in the world and accounts
for over 900,000 annual deaths.99 The estimated number of cases of
cancer of the lung and bronchus in the US in 2002 was 169,400 (men,
90,200; women, 79,200); the number of deaths was 154,900 (men,
89,200; women, 65,700).103 Smoking was responsible for about
85% of these cases.104 Moreover, a case-control study suggests that
17% of lung cancer cases among non-smokers can be attributed to
exposure to high levels of tobacco smoke during childhood and
adolescence.105 In 1992, an estimated 300 lung cancer deaths were
due to environmental tobacco smoke.106 In addition, there were 8900
cases of laryngeal cancer in 2002 and 3700 deaths.103 Of these, about
82% were due to cigarette smoking.75

Although lung cancer incidence in African American men has
decreased by 1.6% per year since 1984, the rate is still higher
than in any other racial or ethnic group.107 However, lung cancer
rates have remained stable since 1990 in African American women.
As a result, the lung cancer death rate among African American
men has decreased significantly due to decreased smoking preva-
lence, but the death rate has continued to increase in African
American women.

An estimated 28,900 cases of cancer involving the oral cavity (i.e.
tongue, mouth, lip, salivary gland and pharynx) occurred in 2002;
there were 7400 deaths.103 About 93% of these tumors in men and
61% in women are associated with smoking.75 However, the greatest
risk for oral cavity tumors occurs in smokers who regularly use alco-
hol. This combination accounts for about 75% of all oral and pharyn-
geal malignancies.108 Smokeless tobacco has also been established
as an important cause of oral cancer.109,110

Esophageal cancer

In 2002, there were an estimated 13,100 cases of esophageal cancer
in the US (men, 9800; women, 3300) resulting in 12,600 deaths (men,
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9600; women, 3000).103 About 80% of these cases are attributed to
smoking.75 As with oral cancers, the combination of smoking and
regular alcohol consumption significantly increases the risk of
this malignancy.110

Colorectal and anal cancers

In 2002, there were an estimated 148,300 cases of colorectal cancer
in the US (colon, 107,300; rectum, 41,000; 72,600 men, 75,700
women) and 56,600 deaths (48,100 colon, 8500 rectum; 27,800 men,
28,800 women).103 Although early epidemiologic reports of the asso-
ciation between tobacco use and colorectal cancer yielded mixed
results, more recent studies have consistently shown a direct correla-
tion between cigarette smoking and colorectal and anal cancers and
colorectal adenomas. Indeed, 20% of colorectal cancers in men may
be attributable to smoking.111 The following recent studies are
important examples supporting the relationship between smoking and
colorectal and anal cancers.

Heineman et al.112 prospectively evaluated a cohort of 248,046
American veterans for 26 years. Their results showed that both
colon and rectal cancers increased significantly with pack years of
smoking, earlier age at first use, and numbers of cigarettes smoked.
More specifically, they estimated that tobacco use accounted for
16% of colon cancer and 22% of rectal cancer deaths. In 1997,
12% of colorectal cancers among both men and women in the
general American population were reported to be secondary to ciga-
rette smoking.113 In addition, in a population-based case-controlled
study conducted in northern California, Utah and Minnesota, a 50%
increase in colon cancer risk from smoking a pack of cigarettes per
day among both men and women was reported.114 The death rates
were lowest among people who had never smoked, intermediate
among ex-smokers and highest among current smokers. Furthermore,
the younger a person was when he or she began smoking, the greater
the risk. Moreover, those who stopped smoking remained at increased
risk even if they had not smoked for more than ten years. Neither
cigar nor pipe smoking was associated with colon cancer risk.
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An early study in men found that smoking for less than 20 years
had a strong relation to small colorectal adenomas, smoking for at
least 20 years was related to larger adenomas, while colorectal can-
cers correlated with smoking for at least 35 years.115 As a result, the
authors emphasized the need to intensify efforts to prevent smok-
ing among young people in order to decrease the risk of colorectal
cancer later in life. Although most studies have shown an associa-
tion between smoking and both colon and rectal cancers, all have
not. For example, a large study of Canadian women found that
although smoking for 30 years or more was significantly associ-
ated with an increased risk of rectal cancer, there was no associa-
tion with colon cancer risk “even with smoking of very long
duration and high intensity.”116

In 2002, there were an estimated 3900 cases of anal cancer in the US
(1700 men, 2200 women) and 500 deaths (200 men, 300 women).103

As with colorectal cancers, most case-controlled studies have shown
that smoking increases the risk of anal cancer by a factor of two to
five, independent of sexual practices.117,118

Pancreatic cancer

Pancreatic cancer is extremely lethal; the death rate being about
98%. In 2002, there were an estimated 30,300 cases of pancreatic
cancer in the US (14,700 men, 15,600 women) and 29,700 deaths
(14,500 men, 15,200 women).103 Increasing age and cigarette smok-
ing are the most consistent risk factors for pancreatic cancer. In a
population-based, case-control study from 1986 to 1989 involving
people in Georgia, Michigan and New Jersey, Silverman and
associates119 reported that cigarette smokers had a 70% increased
risk of this malignancy compared with non-smokers. There was also
a significant positive trend in risk with increasing duration of smok-
ing. However, smokers who stopped for more than ten years had a
30% reduction in risk compared with current smokers. The propor-
tion of pancreatic cancer attributed to smoking was 27% (blacks
29%, whites 26%).
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More recent studies have confirmed that cigarette smoking is a sig-
nificant risk factor for this malignancy. In a nested case-control
study of male smokers (Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study), the authors observed a significant increased risk
with increased cigarette exposure (e.g. number of packs smoked
per day times the number of years smoked);120 the odds ratio was
2.13 for the highest versus the lowest quartile. Importantly, serum
folate and pyridoxal-5'- phosphate levels showed significant inverse
dose-response relationships with pancreatic cancer risk. Individu-
als with the highest serum levels had about half the risk compared
to those with the lowest levels. In a later report,121 these researchers
again confirmed that cigarette smoking is an important risk factor
for pancreatic cancer and that dietary folate intake is inversely
associated with the risk of pancreatic cancer in male smokers.
However, no significant associations were found between dietary
methionine, vitamin B

6
 or vitamin B

12
.

Similar findings between cigarette smoking and pancreatic cancer
were recently reported among the Japanese.122 In this large prospec-
tive cohort study involving 110,792 people (46,465 men, 64,327
women), the relative risks for current smokers compared with non-
smokers were 1.6 in men and 1.7 in women. Men who smoked more
than 40 cigarettes each day had a relative risk of 3.3. The study also
found a significantly decreasing risk with increasing years after smok-
ing cessation among male ex-smokers; the relative risk for those who
had quit smoking for ten or more years was 0.85.

Urinary bladder and kidney cancers

There are currently about 56,500 new cases of urinary bladder can-
cer each year in the US (41,500 men, 15,000 women) and 12,600
related deaths (8600 men, 4000 women).103 The major established
risk factors for bladder cancer are cigarette smoking and occupa-
tional exposure to arylamines.123 Almost 50% of all bladder and
kidney cancer deaths have been attributed to smoking.124 Thus,
studies have consistently reported cigarette smokers have a two- to
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three-fold increased risk for bladder cancer compared with
non-smokers.123,125

In a recent population-based case-control study, researchers analyzed
their data to determine whether the risk of bladder cancer in smokers
differed between men and women.126 Their results showed a 2.5-fold
higher risk of bladder cancer in smokers compared with never smok-
ers. Moreover, the risk for this malignancy was significantly higher
in women than in men who smoked comparable numbers of ciga-
rettes. Indeed, recent data from the Iowa Women’s Health Study indi-
cated that the relative risk of bladder cancer in women who were
current smokers was 3.58 compared with those who never smoked.127

Worldwide, renal cell carcinoma accounts for about 2% of all malig-
nancies. In Europe and North America, in contrast to other areas of
the world, it has been increasing in frequency. The rate of increase in
the US is about 3% per year;128 the increased rate among blacks is
greater than among whites. There were an estimated 31,800 Ameri-
can cases of kidney and renal pelvis cancers in 2002 (19,100 men,
12,700 women) with 11,600 deaths (7200 men, 4400 women).103

Several major risk factors for renal cell carcinoma have been reported;
these include smoking, obesity, hypertension and occupational
exposure to various toxic chemicals.129 Poor nutrition, primarily due
to inadequate intake of fruits and vegetables, has also consistently
been shown to be inversely related to kidney cancer. The association
between cigarette smoking and kidney cancer has been observed in
numerous early studies.130 More recently, Chiu et al.125 carried out a
population-based case-control study in Iowa. Here, cigarette smok-
ing was associated with an increased cancer risk in men (odds ratio
1.8) and in women, but to a lesser degree (odds ratio 1.2). In an inter-
esting retrospective study, Oh and associates131 reported that smok-
ing and alcohol use were present in 70% and 62% of patients with
clear cell renal carcinoma, respectively. In those with Stage MO (i.e.
localized disease), the survival rate was significantly worse among
smokers than non-smokers. There was also a trend toward a worse
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survival rate among regular alcohol users compared with those who
were not frequent consumers.

Uterine cervix cancer

An estimated 13,000 cases of uterine cervical cancer occurred in the
US in 2002; about 4100 of these resulted in death.103 The major
determinants for cervical cancer include sexual factors and transmitted
infections.130 Winkelstein first theorized that cigarette smoking was
also related to cervical cancer.132 Since then, numerous studies have
shown an association between cigarette smoking and this malignant
disease. For example, after adjusting for age, educational level, church
attendance and sexual activity, an early study found that the adjusted
risk for a current smoker was 3.42; for having smoked for five or
more pack-years, the risk was 2.81.133 In addition, the adjusted risk
estimate associated with passive smoke exposure for three or more
hours per day was 2.96. Others suggested that cigarette smoking
accounted for about 30% of cervical cancer cases in the early 1990s.130,134

Overall, the incidence of cervical cancer in smokers appears to be about
twice that of non-smokers.130 Furthermore, smoking cessation sig-
nificantly decreases the risk for cervical cancer such that former
smokers are not at increased risk compared with non-smokers.

Interestingly, smoking results in lower rates of uterine cancer com-
pared with non-smokers.135 However, an early Nurses’ Health Study
found no overall relation between breast cancer and smoking.136 More
recently, these latter researchers also reported no relationship between
passive smoking and breast cancer. However, they noted that active
smoking is “compatible with a small increase in risk of breast cancer
when smoking is initiated at young ages.”137

Myeloid leukemia and other hematologic malignancies

There are about 30,800 annual total cases of leukemia in the US
resulting in 21,700 deaths;103 the number of acute myeloid leukemia
cases is estimated at 10,800 with 7400 deaths. Although leukemia
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has been studied more than many other malignant diseases, its causes
still remain largely unknown. However, increasing evidence, particu-
larly over the past two decades, suggests that certain forms of adult
leukemia may be associated with smoking. Brownson et al.138 con-
ducted a meta-analysis of available studies from 1970 to 1992,
including seven prospective and eight case-control studies. Their
findings indicated that approximately 14% of all US leukemia cases
may be due to smoking (17% of myeloid and 14% of acute non-
lymphocytic leukemias). However, two studies suggested that 20%
to 30% of leukemia cases was attributable to smoking in both men
and women.139,140 In their review of the subject, Newcome and
Carbone130 cited several prospective and retrospective studies sug-
gesting that the risk of lymphoid leukemia among cigarette smokers
was increased about two-fold and the smoking risk for myeloid
leukemia was increased three-fold.

More recent studies suggest that the risk of leukemia among
smokers primarily involves myeloid leukemia (odds ratio, 2.0).141

However, acute myelogenous leukemia (AML) is a heterogeneous
disease with distinct subtypes. Pogoda et al.142 examined the asso-
ciation between smoking and adult AML subtype classified by the
French-American-British (FAB) criteria. Although they found that
the overall risk for AML was mild (odds ratio, 1.2), a significant
risk was present for FAB subtype M2 (odds ratio, 2.3). Moreover, a
significant dose-response was associated with total years smoked,
cigarettes per day and product filter status (i.e. filtered versus non-
filtered). In addition, of the morphologic subtypes of AML, Bjork
et al.143 reported that the smoking-associated risk for AML was
recently found to be restricted to the cytogenetic subgroup
t(8;21)(q22,q22).144

What is the specific toxin in smoke that might account for the asso-
ciation between cigarette smoking and leukemia? It has been sug-
gested that benzene, an established leukemogen which is present in
cigarette smoke, is the responsible agent. Indeed, a typical smoker
reportedly inhales about ten times as much benzene as a non-smoker
(i.e. 2 mg/day versus 0.2 mg/day).145 A recent study146 combined
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epidemiologic data on the health effects of smoking with a risk
assessment technique for low-dose extrapolation, and assessed
the proportion of smoking-induced total leukemia and AML attrib-
utable to the benzene in cigarette smoke. The conclusion was
that benzene is responsible for 10% to 50% of smoking-induced
total leukemia mortality and up to 60% of smoking-related
AML mortality.

Tobacco smoking may also be a risk factor for myelodysplastic syn-
dromes (i.e. abnormal maturation of red blood cells, platelets and
granulocytes) resulting in anemia, thrombocytopenia or pancytope-
nia. Thus, Bjork et al.147 reported that smoking was associated with
an increased risk for primary myelodysplastic syndromes with chro-
mosome 7 abnormalities (odds ratio, 5.0), refractory anemia (odds
ratio, 2.5), and refractory anemia with ringed sideroblasts (odds
ratio, 3.2). In addition, smoking for at least one year at some time
20 years or less before diagnosis was associated with an
increased risk of myelodysplasia (odds ratio, 1.8).

Recent studies have also suggested that cigarette smoking may be an
important risk factor for hematolymphopoietic malignancies. For
example, Stagnaro and associates148 reported only a slightly increased
risk for non-Hodgkins lymphoma in smokers (odds ratio, 1.2), but a
consistent positive association for follicular non-Hodgkins lymphoma
(odds ratio, 1.8). This increased risk for follicular lymphoma was
particularly strong for women smokers (odds ratio, 2.3); the risk was
only mildly increased for male smokers (odds ratio, 1.3). No clear
association was found between smoking and Hodgkins disease or
multiple myeloma.

Aging

Life expectancy

Aging is a very complex multifactorial process associated with an
increased risk for many diseases (e.g. atherosclerosis, cancer,
decreased immune function, macular degeneration, among others).
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The major theories of aging are genetic, hormonal, immune and
free radical. Of these, the free radical aging theory56 is of primary
importance with regards to smoking (see “Smoking and Oxidative
Stress” section and Chapter 1). As noted previously, a single puff on
a cigarette results in the formation of an estimated one trillion free
radicals.57 Hence, it is not surprising that smoking accelerates the
aging process. Indeed, Taylor and coworkers149 recently determined
the life extension obtained from stopping smoking at various ages
among 877,243 respondents to the Cancer Prevention Study II. Their
results showed that life expectancy among smokers who quit at age
35 years exceeded those who continued to smoke by 6.9 to 8.5 years
for men and 6.1 to 7.7 years for women. Smokers who quit at
younger ages experienced even greater life extension. Furthermore,
men who stopped smoking at age 65 years gained 1.4 to 2.0 years
of life and women gained 2.7 to 3.7 additional years. The associa-
tion between cigarette smoking and lifespan was also studied
in English male physicians.150 The results showed that the age
at which half of the cigarette smokers had died was eight years
less than the age for non-smokers; for heavy smokers, it was
ten years less.

The effect of smoking and physical activity on active and disabled
life expectancy was estimated in the Established Populations for
Epidemiologic Studies of the Elderly (EPESE).151 Here, population-
based samples of 8604 persons aged 65 years and older without
disability were assessed at baseline and followed for mortality and
disability over six annual follow-ups. Compared with smokers, men
and women who never smoked survived 1.6 to 3.9 and 1.6 to 3.6
years longer respectively, depending on the level of physical activ-
ity. Physical activity from low to moderate to high was associated
with an increased life expectancy in both smokers (9.5, 10.5,
12.0 years in men and 11.1, 12.6, 15.3 years in women at age 65)
and non-smokers (110, 14.4, 16.2 years in men and 12.7, 16.2,
18.4 years in women at age 65). In agreement with the examples
cited in Chapter 3, this study also found that higher physical activ-
ity in both smokers and non-smokers was associated with fewer
years of disability prior to death.
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Skin wrinkling

Smokers have long been suspected of having characteristic facial
changes similar to those in premature aging.152 In 1971, Daniell153

suggested that smoking might be an important risk factor for prema-
ture skin wrinkling. Subsequent reports also indicated that cigarette
smoking may accelerate skin wrinkling, but they did not take into
consideration confounding variables such as age, sex, sun exposure,
or the amount of smoking. After elimination of these confounding
factors, Kadunce et al.154 found that the prevalence of skin wrinkling
was independently associated with pack-years of smoking. Persons
who smoked 50 or more pack-years were 4.7 times more likely to be
wrinkled than non-smokers. When both excessive sun exposure and
cigarette smoking were present, the risk for excessive wrinkling was
multiplicative (prevalence ratio of 12.0). A subsequent literature
review of this topic, entitled “Does cigarette smoking make you ugly
and old?”, confirmed the association between smoking and skin
aging.155 These latter authors suggested that this information “may
be important evidence to convince young persons not to begin smok-
ing and older smokers to quit.” In this regard, how aware is the
general public of the relation between skin aging and smoking? A
recent study of 678 randomly selected adults found that current smok-
ers were less likely to be aware of this association compared with
former and never smokers.156 About 25% of the current smokers
believed that most smokers would seriously consider this informa-
tion in their decision to quit smoking.

Technological advances now make it possible to evaluate skin
damage before it is grossly observable. For example, Koh and
associates157 assessed the risk of smoking on the development of pre-
mature facial wrinkling using computerized image analysis of skin
replicas. Their results showed that current smokers have a higher degree
of facial wrinkling than non-smokers or past smokers. After adjust-
ing for age, the relative risk of moderate to severe wrinkling for cur-
rent smokers compared with non-smokers was 2.72. Using image
analysis of facial skin replicas, the mean values of Ra (arithmetic
average roughness), Rz (average roughness) and Rt (distance between
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the highest and lowest values) of current smokers were significantly
higher than those of past smokers or non-smokers in all age groups.

Gray hair and baldness

Graying of hair is a natural phenomena that consistently affects
aging men and women; hair loss is very common in aging men. How-
ever, observations of persons less than age 50 years who looked older
than expected for their age led Mosley and Gibbs to test the hypoth-
esis that premature hair graying and hair loss may be associated with
cigarette smoking.158 Indeed, their observational results of 268 men
and 338 women, 152 of each sex who smoked, did support an asso-
ciation between smoking and gray hair in both men and women and
between smoking and hair loss in men.

Taste and smell

Oral changes associated with aging may include decreased levels of
smell and taste perceptions, often making foods tasteless and result-
ing in a decline in appetite.159 To further complicate the problem,
smoking diminishes the taste of food and makes flavorful food taste
flat and unappetizing.160 Various dental problems are also associated
with smoking, including periodontal disease, halitosis, tooth staining,
stomatitis nicotina and gingival bleeding.161 As discussed in Chapter
4, protein energy malnutrition is a major problem among the elderly.
As these and other studies indicate, smoking further aggravates the
serious problem of protein energy malnutrition in older adults.

Chronic obstructive pulmonary disease (COPD)

Chronic obstructive pulmonary disease (COPD) includes a group of
diseases characterized by airflow obstruction that is usually associ-
ated with breathing-related symptoms (e.g. cough, exertional dysp-
nea, expectoration and wheeze). The major diseases associated with
COPD are emphysema and chronic bronchitis, although the symp-
toms may be silent and unrecognized in the early phases. Currently,
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COPD is known to affect about 16 million Americans, the majority
of whom have chronic bronchitis.162 However, the latest National
Health and Nutrition Examination Survey (NHANES III) estimated
that approximately 24 million American adults have evidence of im-
paired lung function, suggesting that COPD is signif icantly
underdiagnosed.163 The estimated direct COPD medical cost in 1993
was US$14.7 billion; the indirect morbidity costs (e.g. loss of work
time and productivity) and premature mortality was an additional
US$9.2 billion (total, US$23.9 billion).164 The current costs are un-
doubtedly significantly higher since the prevalence of COPD in men,
women and the elderly has increased significantly over the past sev-
eral years. COPD is now the fourth most common cause of death in
the US, accounting for 123,550 deaths in 2000.73

The most important risk factor for COPD is cigarette smoking. As
noted by Rennard,165 smoking activates inflammatory mechanisms
which damage lung tissue. Active proteases and oxidants are thought
to play a major role. In response to the injury, repair mechanisms are
activated but may also be negatively affected by cigarette smoking.
The severity and extent of emphysema in heavy smokers (�30 pack-
years) with normal chest radiographs was recently reported using
high-resolution CT (HRCT).166 These researchers correlated their
HRCT findings with spirometric tests and symptomatology. Their
results showed that 58% of the participants (29 of 50) had significant
emphysema by HRCT. Eleven out of 15 with normal spirometric tests
showed emphysema by HRCT and two with airflow obstruction on
spirometric tests showed normal CT scores. Fourteen percent of the
asymptomatic subjects had severe emphysema compared with 64%
that were symptomatic. Thus, a significant percentage of asymptom-
atic and undiagnosed smokers have emphysema.

Invasive pneumococcal disease

Invasive pneumococcal disease is defined as an illness in which
Streptococcus pneumoniae is isolated from a normally sterile site
(e.g. blood and cerebrospinal fluid). The incidence of invasive
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pneumococcal disease is highest among the young and elderly. How-
ever, smokers reportedly account for about half of otherwise healthy
adult patients with this disease.167,168 Since early studies of this dis-
ease were not adjusted for multiple risk factors,167,169 Nuorti et al.170

conducted a population-based case-control study to evaluate the
importance of smoking and other possible risk factors. They found
that invasive pneumococcal disease was associated with both active
cigarette smoking (odds ratio, 4.1) and passive smoking among non-
smokers (odds ratio, 2.5) after adjustment for various confounders
(e.g. age, sex, black race, chronic illness and low education level).
There were also dose-response relations for the current number
of cigarettes smoked per day, pack-years of smoking and time
since quitting.

Cataract and macular degeneration

Numerous studies have shown that cigarette smoking is an important
independent risk factor for developing age-related cataract.171–176 For
example, an early Physician’s Health Study based on five years of
follow-up showed that current smokers of 20 or more cigarettes per
day had a two-fold increased risk of cataract compared with never
smokers.174 More recently, this study was extended to more than 13
years of follow-up and focused on smoking cessation and cataract.177

Compared with current smokers, the relative risks of cataract in post
smokers who quit smoking less than ten years, ten to less than 20
years and 20 or more years before the study were 0.79, 0.73 and 0.74.
The relative risk for never smokers was 0.64. The authors concluded
that “smoking cessation reduces the risk of cataract primarily by lim-
iting total dose-related damage to the lens.”

In 1993, age-related macular degeneration (AMD) was responsible
for about 1.7 million cases of visual impairment in the US, and was
the major cause of new cases of blindness in persons 65 years or
older.178 For more than two decades, researchers have attempted to
identify the major risk factors for AMD. Although only tobacco smok-
ing has been consistently demonstrated across various studies,
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racial, ethnic and environmental factors are other possibilities. In a
prospective cohort study of 21,157 American male physicians (Phy-
sicians’ Health Study) with an average follow-up period of 12.2 years,
current smokers of 20 or more cigarettes per day had an increased
relative risk of AMD of 2.46 compared with never smokers.179 For
past smokers, the relative risk was reduced to 1.30. Similarly, a pro-
spective cohort study of 31,843 women (Nurses’ Health Study) with
12 years follow-up found that women who smoked 25 or more ciga-
rettes per day had a relative risk of AMD of 2.4 compared with women
who never smoked.180 Past smokers of this number of cigarettes also
had a two-fold increased risk compared with never smokers. More-
over, there was minimal reduction in risk for women after quitting
smoking for 15 or more years. The risk of AMD also increased with
increasing numbers of pack-years smoked. The association between
smoking and AMD was further demonstrated in the recent Blue
Mountains Eye Study.181 In this cohort, smokers at baseline had a
significant increased risk of five-year incident late AMD and retinal
pigment abnormalities compared with never smokers. Moreover, cur-
rent smokers developed AMD at a significantly earlier age than past
or never smokers (current smokers, 67 years; past smokers, 73 years;
never smokers, 77 years).

Pulmonary embolism

In the absence of established risk factors for pulmonary embolism,
such as antecedent cancer, surgery, trauma or immobilization, pro-
spective data on other possible risks are few. This led Goldhaber
et al.182 to prospectively investigate other possible risk factors in a
group of 112,822 women (Nurses’ Health Study) aged 30 to
55 years who were free from diagnosed CHD and cancer at baseline.
In a multivariate analysis, cigarette smoking, obesity and hyperten-
sion were all independent predictors of pulmonary embolism. The
relative risk for obesity was 2.9; the risk for hypertension was 1.9.
The relative risk for women who smoked 25 to 34 cigarettes per
day was 1.9; the risk for those who smoked 35 or more cigarettes
each day was 3.3.
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Osteoporosis

Osteoporotic bone fractures are a very important cause of morbidity
and mortality among the elderly. The most common sites of
osteoporotic fractures are hip, wrist and vertebrae. The incidence of
wrist fractures begins in the earliest postmenopausal period when
women are in their 50s and are the most common fracture until age
75 years after which hip fractures become the most common.183

Osteoporotic fractures are significantly decreased in those who are
obese, of short stature, and of African American ethnicity.184 The major
risk factors for osteoporotic fractures are increasing age, female sex,
increased body height and total dietary fat intake.184

Cigarette smoking is also an important risk factor for osteoporotic
fractures. In 1997, Law and Hackshaw185 published a meta-analysis
of 29 cross-sectional studies reporting the difference in bone den-
sity in smokers and non-smokers according to age and of 19 cohort
case-control studies of the risk of hip fractures in smokers and non-
smokers. Their results showed the following: (1) bone density in
premenopausal women was similar in smokers and non-smokers;
(2) postmenopausal bone loss was greater in current smokers than
non-smokers by about an additional 2% for every ten-year increase
in age, with a difference of 6% at age 80; and (3) after age 50, the
risk of hip fracture in current smokers compared with non-smokers
was 17% at age 60, 41% at 70, 71% at 80 and 108% at 90. In a more
recent population-based case-control study in Sweden, Baron and
associates186 assessed the association of cigarette smoking with hip
fracture risk among postmenopausal women. Compared with never
smokers, current smokers had an increased risk of hip fracture (odds
ratio, 1.66). In addition, smoking duration, especially after meno-
pause, was more important than the amount smoked. Women who
stopped smoking had a minimal increased risk of hip fracture
compared with never smokers (odds ratio, 1.15).

A cross-sectional study of bone density at the lumbar spine and femo-
ral neck and shaft was carried out in 41 pairs of female twins aged 27
to 73 years of age who were discordant for at least five pack-years of
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smoking.187 The results showed that for every ten pack-years of smok-
ing, the bone density of the twin who smoked more heavily was 2.0%
lower at the lumbar spine, 0.9% lower at the femoral neck and 1.4%
lower at the femoral shaft. For those who were discordant by 20 or
more pack-years, the differences in bone density at the three sites
were 9.3%, 5.8% and 6.5%, respectively. The authors concluded that
women who smoke 20 or more cigarettes per day throughout adult-
hood will, by the time of menopause, have an average bone density
deficit of 5% to 10%.

The mechanism whereby smoking increases the risk for bone frac-
tures is poorly understood. To evaluate this, Krall et al.188 studied
the relationship of smoking to rates of bone mineral density (BMD)
change at the femoral neck, spine and total body, as well as intesti-
nal calcium absorption, in elderly men and women. After adjusting
for various confounders (i.e. BMD, weight, age, gender and
calcium intake), the annualized rates of BMD loss were higher in
smokers than in non-smokers at the femoral neck and total body.
Moreover, the mean calcium absorption was lower in smokers than
non-smokers. Thus, their data suggests that smoking accelerates
total body and femoral neck bone loss due to decreased intestinal
calcium absorption.

Menopause and pregnancy-associated disorders

In addition to menopause-associated osteoporosis, studies have shown
that smoking is associated with a wide variety of other disorders such
as the time to reach menopause, fertility and fetal disorders, and new-
born male to female ratio.

Time of menopause

Smoking has been shown to shorten the time to reach menopause.189

For example, a population-based random study of white women, aged
45 to 55 years, found that current smokers reached menopause an
average of 1.74 years earlier than non-smokers.
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Fetal complications

In an early literature review,190 the author quoted studies showing
that women who smoke have higher rates of infertility, fetal growth
retardation, neonatal deaths, premature delivery and possible nega-
tive effects on lactation. Early human clinical studies and experi-
mental work in rodents suggested that nicotine may alter the
hypothalamic-pituitary axis with increased production of growth
hormone, cortisol, vasopressin and oxytocin which may inhibit the
release of luteinizing hormone and prolactin.

Male to female birth ratio

Studies from numerous developed countries have shown that the new-
born male to female ratio has declined significantly over the past
several decades. Although the reasons for this phenomenon remains
unclear, chronic exposure to various toxic agents that predominantly
affect the male reproductive system might explain the lower male :
female ratio. Indeed, increased exposure to dioxin191 and methyl-
mercury192 both resulted in a reduced male : female ratio. A recent
study also found that the male : female ratio was lower when either
or both parents smoked more than 20 cigarettes per day compared
with parents in which neither smoked.193 The lowest sex ratio was
noted when both parents smoked 20 or more cigarettes per day.

Birth weight

Maternal smoking is a significant risk factor for low-birth-weight
infants. This in turn affects infant mortality and the long-term out-
come of surviving infants. However, maternal cigarette smoking is
the most modifiable risk factor for intrauterine growth restriction in
developed countries.194 However, not all women who smoke ciga-
rettes during pregnancy have low-birth-weight infants. In a recent
study,195 continuous maternal smoking during pregnancy was associ-
ated with an average reduction of 377 g in birth weight (odds ratio,
2.1). However, the magnitude of the effect of maternal smoking on
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birth weight was dependent on their genotype at two genes involved
in the metabolism of smoking toxins (CYP1A1 and GSTT 1).

Miscellaneous disorders

Multiple sclerosis

Although environmental factors have long been considered to play a
role in the development of multiple sclerosis (MS), few such factors
have been positively identified. As noted by Hernan et al.,196 experi-
mental studies have shown that cigarette smoke has both neurotoxic
and immunomodulatory effects. In addition, epidemiologic investi-
gations have suggested that cigarette smoking is associated with some
autoimmune disorders (e.g. systemic lupus erythematosus and rheu-
matoid arthritis). Although several studies have supported an asso-
ciation between cigarette smoking and MS, all have not.

Two relatively small prospective studies recently suggested an
increased incidence of MS among smokers,197,198 although neither
study attained statistical significance. However, a recent report from
both the Nurses’ Health Study and Nurses’ Health Study II
involving 121,700 women aged 30 to 55 years at baseline in 1976
and 116,671 women aged 25 to 42 years at baseline in 1989 reported
that cigarette smoking may be an important risk factor.196 Compared
to women who never smoked, the relative rates of MS among current
smokers was 1.6; it was 1.2 for past smokers. The relative incidence
rate increased with increased smoking. The study was adjusted for
age, latitude and family history. The authors concluded that although
the biologic basis for the association between smoking and MS is
poorly understood, “these results suggest that smoking may increase
the risk of developing MS.”

Impaired thyroid hormone function

Early studies of the effect of smoking on thyroid function have been
controversial, some showing an effect while others did not. To help
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clarify the problem, 138 normal women, 84 women with subclini-
cal hypothyroidism, and 51 women with overt hypothyroidism were
studied to determine the possible effect of cigarette smoking on
thyroid function.199 Among the subclinical hypothyroid group, the
smokers had a higher mean serum level of thyrotropin (21.3 � 16.6
versus 12.7 � 7.2 mU/L), and a higher ratio of serum triiodothyro-
nine to serum free thyroxine (by 30%) than the non-smokers. Among
those with overt hypothyroidism, the serum concentrations of thy-
rotropin, free thyroxine and triiodothyronine were similar in the
smokers and non-smokers. Compared with the non-smokers, how-
ever, the smokers had a clinical score indicating a greater degree of
hypothyroidism (i.e. higher serum levels of total and low-density
lipoprotein cholesterol, longer ankle-reflex time, and higher serum
levels of creatine kinase). The authors concluded that “smoking
increases the metabolic effects of hypothyroidism in a dose-
dependent way.” That is, smoking decreases both thyroid secretion
and thyroid hormone action.

Type 2 diabetes mellitus

The significance of cigarette smoking with the development of
impaired fasting glucose and type 2 diabetes has been unclear. To
better understand this association, 1266 Japanese men aged 35 to
59 years without either impaired fasting glucose or type 2 diabe-
tes at baseline were followed for five years (1994–1999)200 After
controlling for possible predictors of diabetes, the relative risks
for impaired fasting glucose (fasting serum glucose 110–125 mg/
dL) compared with never smokers were as follows: 1.62 for never
smokers; 1.14 for those who smoked 1–20 cigarettes per day; 1.33
for those who smoked 21–30 cigarettes per day; and 2.56 for those
who smoked �31 cigarettes each day. The adjusted relative risks
for type 2 diabetes (fasting serum glucose �126 mg/dL) com-
pared with never smokers were 1.08, 1.88, 3.02 and 4.09, respec-
tively. The number of pack-years of smoking was also positively
related to the development of both impaired fasting glucose and
type 2 diabetes.
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Hemoglobin level

Cigarette smoking, long known to increase hemoglobin levels, is
thought to be due to increased exposure to carbon monoxide (CO).
CO binds to hemoglobin to form carboxyhemoglobin, which is inac-
tive and unable to carry oxygen. To adjust for the decreased oxygen
delivery capacity, smokers maintain higher hemoglobin levels than
non-smokers.201 To further clarify its clinical importance, a later
investigation found that women smokers had a mean hemoglobin level
of 13.7 g/dL compared with 13.3 g/dL for never smokers.202 Among
men, the mean hemoglobin levels for smokers and never smokers
were 15.6 g/dL and 15.2 g/dL, respectively. This upward shift of the
hemoglobin distribution curve reduces the utility of hemoglobin level
to detect mild anemia, mainly in women. Thus, the mean prevalence
of anemia was 4.8% among women smokers compared with 8.5%
among never smokers. The authors suggested that the lower hemo-
globin cut-off values should be adjusted for smokers to compensate
for “the masking effect of smoking on the detection anemia.”

Physical function

Physical function progressively declines with increasing age, thereby
limiting their activities and predisposing them to falls and injuries.
Some of these lost functions, however, are preventable and include
lack of regular physical activity, use of sedatives or tranquilizers, and
excessive body weight. In addition, function decline has been associ-
ated with cigarette smoking.203 For example, Nelson et al.204 studied
9704 community-dwelling ambulatory women 65 years and older
from four areas of the US. Twelve performance tests of muscle
strength, agility and coordination, gait and balance, and self-reported
functional status were evaluated. After adjusting for age, history of
stroke, body mass index (BMI), physical activity and alcohol use,
current smokers had significantly poorer function on all of the per-
formance measures except grip strength compared with never smok-
ers. This functional decrease was 50% to 100% as great as that asso-
ciated with a five-year age increase. Moreover, most measures wors-
ened with increasing number of pack-years.
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Psychological features and cognitive decline

Several early studies linked cigarette smoking with either a nega-
tive affect (i.e. tension, anxiety, anger and a depressed mood) or
with distinct depressive symptoms. For example, smokers rated
higher on symptomatic measures of both anxiety and depression
than non-smokers.205 Moreover, depressive symptoms among
15- and 16-year-old children were associated with their smoking
status about a decade later.206 Others207 reported that smoking was
more common among depressed patients from a psychiatric clinic
than in the general population.

Glassman and associates208 later verified the association of smoking
with major depression. They also confirmed their earlier observation
that smokers without a psychiatric problem are more successful in
cessation efforts than smokers with a lifetime diagnosis of depres-
sion (31% versus 14%). Similarly, Anda et al.209 reported that after
adjusting for age, sex, number of cigarettes smoked and educational
level, depressed smokers were 40% less likely to have quit after nine
years compared with non-depressed smokers. In a somewhat related
study, Gulliver et al.210 noted an important interrelationship between
smoking and alcohol dependence. The study demonstrated the fol-
lowing, among others: (1) alcohol dependence predicted an urge to
smoke during alcohol treatment; (2) exposure to alcohol cues
increased the urge to smoke; and (3) the urge to smoke was posi-
tively correlated with an urge to drink.

Cigarette smoking has also been associated with gambling, but little
is known about smoking in disordered gamblers. To better under-
stand the association, Petry and Oncken211 compared psychosocial
problems and gambling in smoking gamblers who sought treatment.
Their results showed that daily smokers gambled more often and spent
more money on gambling than non-smokers. Smokers also craved
gambling more and had lower perceived control over their gambling
habits. Moreover, daily smokers were taking more psychiatric
medications and experienced more frequent anxiety episodes than
non-smokers.
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Although several population-based studies of the association
between smoking and cognitive impairment have generally shown
either weak or no association, others have indicated an increased
risk of cognitive decline. Perhaps a major explanation in the incon-
sistency of these reports is that most the earlier studies were
conducted among retired older people. However, a more recent
cross-sectional study of mainly middle-aged people showed reduced
psychomotor speed and cognitive flexibility among current smok-
ers compared with those who had never smoked.212 Similarly, in a
recent multiple regression study, Richards et al.213 found that smok-
ing in men and women aged 43 to 53 years was associated with
faster declines in verbal memory and with slower visual search
speeds. These negative effects were primarily associated with indi-
viduals who smoked 20 or more cigarettes per day. The results were
independent of sex, socioeconomic status, adolescent cognitive
ability, as well as various health indicators.

Alcohol Consumption

Prevalence and economic costs

Alcohol is the most commonly abused drug throughout the world.
Indeed, alcohol abuse is the third leading preventable cause of
death in the US. In 1994, alcoholism claimed about 100,000 Ameri-
can lives and cost over US$100 billion.214 In 2000, the economic
cost of alcohol misuse was estimated at US$185 billion.215 Of this
amount, US$22.5 billion was attributed to underage drinking
(12–22 years of age) and US$34.4 billion to excessive adult drink-
ing ( �2 drinks/day).216

Adams and coworkers217 reported that among persons admitted to
general hospitals, 20% to 40% had alcohol-related problems. Among
older people, alcohol-related hospitalizations were as frequent as those
due to myocardial infarction. Further evidence of the increased medi-
cal costs in heavy alcohol consumers was shown by Cryer et al.218

who randomly surveyed 41,000 adults regarding their use of acute
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and preventive medical services. The study confirmed that heavy
alcohol consumers are disproportionate users of acute medical ser-
vices (i.e. accident and emergency services). Conversely, these
individuals are underusers of preventive medicine services.

Alcohol is regularly consumed by about 50% of adults and an esti-
mated 15 to 20 million Americans are alcoholics. The American
Medical Association (AMA) guidelines reported that at least three
million Americans over age 60 years are alcoholics or have a major
drinking problem.219 Unfortunately, those in this latter “hidden” group
are frequently not identified by their physicians. Rather, the signs of
alcohol abuse, such as incontinence, dementia, seizures and falls may
be mistakenly attributed to aging. A member of the AMA guidelines
advisory panel recently stated, “This problem takes a horrendous toll
on society. Not only are the financial implications staggering, but
more importantly it results in a tragic loss of productive years — a
loss felt by families and communities.”220

The trends in alcohol consumption in the US between 1984 and 1995
differed among whites, blacks and Hispanics.221 This report noted that
heavy drinking decreased significantly among white males (from 20%
to 12%), but remained stable among black (15% on both dates) and
Hispanic men (17% and 18%). Frequent heavy drinking also decreased
among white women (from 5% to 2%), but again remained stable among
black (5% on both dates) and Hispanic women (2% and 3%).

Binge drinking, the consumption of five or more alcoholic bever-
ages on one occasion, usually leads to acute impairment and causes
a significant fraction of all alcohol-related disabilities and deaths.
The adverse health risks associated with binge drinking reportedly
include the following:222 unintentional injuries (e.g. motor vehicle
accidents, falls, drowning, hypothermia and burns), suicide, sud-
den infant death syndrome, hypertension, myocardial infarction,
gastritis, pancreatitis, sexually transmitted diseases and poor
diabetic control. In addition, increased homicide, assault, domestic
violence, rape, child neglect and abuse, and lost productivity
further add to the high social and economic costs.
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Detection, screening and counseling

Most physicians care for patients with alcohol-related problems.
However, physicians often fail to identify alcoholism, especially in
its early stage. Moreover, they frequently feel ill-equipped due to
their own inadequate training, attitudinal barriers and perceived lack
of skill.223 Even when routine screening of hospital admissions for
alcoholism is recommended, the diagnosis is relatively low and treat-
ment varies significantly depending on the department.224 Thus,
detection rates in patients who screened positive were as follows:
surgery and obstetrics & gynecology, �25%; neurology, 25%; medi-
cine, 50%; and psychiatry, �50%. In addition, patients with higher
incomes, higher education, private insurance, women and those who
strongly denied alcohol intake were less likely to be identified.
Patients identified as having alcohol dependence or abuse were sig-
nificantly more likely to be men, non-white, younger and of low
socioeconomic status, suggesting there was a stereotyped image of
people with alcohol dependence or abuse.

Unfortunately, the alcohol-related recurring problems, including those
associated with impending death, often leaves physicians with the
impression that these patients rarely respond to counseling. The fact
is, however, several studies in Europe and the US have shown that
simple interventions can be very successful. For example, a random-
ized controlled trial conducted in 47 general practitioners’ offices in
the UK reported significant reductions in alcohol use by the inter-
vention group compared with the control group.225 Similarly, the World
Health Organization Trial, carried out in ten countries, reported similar
findings in alcohol consumption between the intervention and con-
trol groups.226 A more recent randomized controlled clinical study of
17,695 patients screened for problem drinking was carried out in
17 community-based primary care practices in Wisconsin.227 The
intervention consisted of two ten- to 15-minute counseling visits
that included advice, education and contracting information. Com-
pared with the control group, which received no intervention, the
decreases in reported alcohol intake were substantially and statisti-
cally significant and were present at both the six-month and 12-month
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follow-ups. One simple, practical and somewhat reliable tool used in
this and other studies to screen for alcohol abuse is the CAGE
questionnaire.228 Here, alcohol abuse is considered to exist if a
person answers “yes” to two or more of the following four questions
that begin with, “Have you ever …”

(1) tried to Cut down on your drinking?
(2) been Annoyed by anybody criticizing your drinking?
(3) felt Guilty about your drinking?
(4) had an Eye-opener (drink) in the morning?

Older people are more vulnerable to the adverse effects of alcohol
than are younger individuals and are more likely to hide their alcohol
use.229 Although the CAGE questionnaire has been recommended for
primary care physicians,230 it is reportedly insufficient when used as
the sole screening tool, at least in older patients.231 In this study, 5065
consecutive persons over 60 years completed a self-administered
questionnaire that included beverage-specific questions about the
quantity and frequency of regular alcohol consumption over the pre-
vious three months, the number of binge drinking episodes (�6 drinks/
occasion), and the CAGE questionnaire. The study showed that 15%
of men and 12% of women regularly consumed more than the maxi-
mum recommended amount (i.e. �7 drinks/week for women; �14
drinks/week for men). The CAGE questionnaire identified only 9%
of men and 3% of women that consumed more than the recommended
amount. Moreover, the CAGE was relatively ineffective in detecting
heavy or binge drinkers.

Researchers from the Mayo Clinic used the Self-administered Alco-
holism Screening Test (SAAST) in a study involving 795 adult
in-patients at two teaching hospitals.232 The records of SAAST-
positive patients were reviewed to determine the number receiving
laboratory screening tests, addiction consultative services, and a dis-
charge diagnosis of alcoholism. Of the SAAST participants, 42 (7.4%)
had a positive alcohol-dependent score. Of these, 13 (31%) received
addictive or psychiatric consultative services during their hospital-
ization. However, only 11% of the alcoholics received an alcohol
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screening test and 7% had a discharge diagnosis of alcoholism. The
authors concluded that laboratory screening tests in hospitalized pa-
tients are underutilized and that there are persistent problems in phy-
sician detection, assessment and diagnosis of alcoholism. Indeed,
“…diagnosis of alcohol dependence had not improved from similar
observations more than 20 years earlier.”

Other alcohol-abuse screening methods include laboratory testing.
Indeed, gamma-glutamyltransferase (GGT), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and the mean red cell
volume (MCV) are common markers of alcohol abuse.233 These tests
are, however, not highly sensitive and are more often within the ref-
erence range unless there is liver damage (i.e. GGT, AST and ALT)
or nutrition deficiencies, especially folic acid (i.e. MCV). Several
more recent markers, such as carbohydrate deficient transferrin, are
more sensitive and specific for alcohol abuse.234

Alcohol-related diseases and disorders

The major diseases and disorders related to excess alcohol consump-
tion include all-cause mortality, malnutrition, cardiovascular diseases,
stroke, various cancers, liver diseases, injuries, suicide, psychiatric dis-
orders, newborn abnormalities, dementia and cognitive dysfunction
among others (Table 5.2).

Mortality

Alcohol consumption has both adverse and beneficial effects on
survival. Modest alcohol intake is associated with increased life
expectancy, primarily due to decreased CHD and ischemic stroke.
However, excess consumption increases mortality from accidents,
violence, suicide, poisoning, liver disease and certain cancers.
Numerous studies have shown that the relationship between mortal-
ity and quantity of alcohol intake follows either a U- or J-shaped
curve. For example, in a prospective study of 7234 women and 6051
men aged 30 to 79 years and followed for ten to 12 years, the
U-shaped curve nadir occurred in those who consumed “one to six
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alcoholic beverages per week (a “beverage” was defined as one bottle
of beer, glass of wine, or measure of spirits).235 Thus, abstainers had
a relative risk of 1.37 whereas those drinking more than 70 bever-
ages per week had a relative risk of 2.29. Sex, age and BMI did not
significantly change the risk level. Similarly, Doll et al.236 Dementia/
Cognitive Dysfunction prospectively studied a large group of British
doctors over a 13-year period. After the data was standardized for
age, calendar year and smoking habit, their results showed a U-shaped
relation between all-cause mortality and the average amount of alco-
hol consumed. Those who averaged 1–2 units/day (a unit was
defined as one glass of beer, lager, or wine and 1/2 glass of spirits or
liqueur) had the lowest risks, mainly due to decreased ischemic heart

Table 5.2: Major Alcohol-Related Diseases and Disorders

All-Cause Mortality
Cancer

Breast
Colon
Kidney
Liver
Oropharyngeal, esophageal
Pancreas

Cardiac Diseases
Cardiomyopathy
Coronary heart disease
Hypertension

Gastritis, Pancreatitis
Injuries, Accidents
Liver Diseases

Alcoholic hepatitis
Cirrhosis

Malnutrition
Newborn-Associated Disorders

Fetal alcohol syndrome
Birth defects
Neurodevelopmental disorders

Psychiatric Disorders
Stroke
Type 2 Diabetes Mellitus
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disease. However, all-cause mortality progressively increased when
the amount consumed exceeded 3 units/day.

Additional important data regarding alcohol consumption and mor-
tality came from a very large group of men and women (490,000)
aged 30 to 104 years (mean, 56 years).237 Here, as with other studies,
diseases associated with drinking were cirrhosis and alcoholism, vari-
ous cancers including mouth, esophagus, pharynx, larynx and liver
in both men and women, breast in women, and injuries and other
external causes in men. However, the rates of death from cardiovas-
cular diseases were 30% to 40% lower among both sexes who
consumed at least one drink per day compared with non-drinkers.
Moreover, the overall death rates were modestly lower among men
and women who consumed about one drink each day. However, all
causes-mortality increased with heavier drinking.

In a recent study, Gronbaek et al.238 compared the type of alcohol
consumed (i.e. beer, wine and spirits) with mortality among 13,064
men and 11,459 women aged 20 to 98 years. The results showed
J-shaped relations between total alcohol consumption and mortality
at various levels of wine intake. Compared with non-drinkers, light
drinkers who avoided wine had a relative risk for all-cause mortality
of 0.90 while those who drank wine had a relative risk of 0.66. Heavy
drinkers who avoided wine were at higher risk for all-cause mortality
compared with heavy drinkers who included wine with other alco-
holic beverages. Moreover, wine drinkers had significantly lower
mortality rates from both CHD and cancer than did non-wine
drinkers (see “Polyphenols,” Chapter 4).

The mortality-related benefits of light-to-moderate alcohol consump-
tion begin to outweigh the risks among men in their 40s239,240 and
women in their 50s.241 However, the authors of this latter study
concluded that the increased survival among women with light-to-
moderate alcohol consumption may be largely confined to those at
greatest risk for CHD. Moreover, in men and women less than
40 years, alcohol consumption is associated with an increase in all-
cause mortality even at low levels of drinking. Although young adults
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have a very low risk of CHD, their risk of injuries is high. For ex-
ample, in a 15-year follow-up of 18- to 19-year-old Swedish male
military conscripts, CHD risk was lower in drinkers than in non-
drinkers.242 However, this accounted for only 4% of all deaths while
violent deaths, mainly from suicide and road traffic accidents, was
positively associated with alcohol even in those drinking �12 units/
week, and accounted for 75% of all deaths. More recently, Hingson
et al.243 studied the magnitude of alcohol-related morbidity and mor-
tality among 18 to 24-year-old college students. They estimated that
over 1400 students died in 1998 from alcohol-related unintentional
injuries, including motor vehicle accidents. In addition, over 500,000
full-time students were unintentionally injured while under the influ-
ence of alcohol and over 600,000 were struck or assaulted by another
student who had been drinking.

Malnutrition

About 15% of older outpatients and about 50% of all hospitalized
elderly persons are protein-calorie malnourished (Chapter 4).244

The prevalence is even greater in those who are excessive alcohol
consumers. Select vitamin (e.g. D, C, E, etc.) and mineral (e.g.
magnesium, potassium, zinc, calcium, phosphorus, etc.) deficien-
cies are also all very common in older alcoholics. For example,
vitamin D deficiency and fat malabsorption impairs vitamin D
metabolism. This may result in osteomalacia with increased risk
of bone pain and fractures. In addition, the Wernicke-Korsakoff
syndrome is due to thiamine deficiency, a common problem in
alcoholism. Here, cognitive symptoms may be mistaken for
delirium or dementia if alcohol abuse is not recognized. Thus,
malnutrition is clearly linked to increased morbidity, prolonged
hospital stays, more frequent readmissions, susceptibility to pres-
sure ulcers and increased mortality.

Alcohol is a substantial source of energy with 7.1 kcal per gram,
a value that significantly exceeds the energy content of carbohy-
drates and proteins. As a result, ethanol accounts for about 50%
of an alcoholic’s daily caloric intake. As such, it displaces critical
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nutrients including folic acid, thiamine and other essential vita-
mins such as A, B

1
, B

6
, B

12
, C, D, E and various important antioxi-

dants (e.g. beta-carotene, lycopene, lutein and flavonoids). It also
results in a deficiency of essential minerals such as magnesium,
zinc, selenium, iron and copper among others. Malabsorption due
to gastrointestinal complications is also common in alcoholics (e.g.
pancreatic insufficiency and impaired liver metabolism of nutri-
ents). Although alcohol is rich in calories, long-term consump-
tion of up to 2000 calories per day in the form of ethanol does not
produce the expected gain in body weight.245 This is due, at least
in part, to the poor yield of energy produced from the oxidation
of fat in damaged mitochondria and to microsomal pathways that
oxidize alcohol without conserving chemical energy.

Alcoholic liver disease

Alcoholic liver disease is one of the most common causes of chronic
liver disease in the world. Indeed, alcoholism and alcohol-related
diseases affect over ten million Americans and, after heart disease
and cancer, represents the third largest health problem in the US.246

Because of the intrinsic toxicity of alcohol, it can injure the liver
even in the absence of dietary deficiencies.247 The quantity of alco-
hol consumption required to produce clinically significant liver
disease varies with age, sex, race and body size. It may also vary
within a given person at different times. Studies vary as to how
much alcohol is needed to produce hepatocellular damage. Some
reports show an increased risk of cirrhosis with 40–60 g of ethanol/
day in males and 20 g/day in females. Other studies suggest that
�80 g of ethanol/day are required (i.e. eight 12-ounces of beer,
one liter of wine, or a half-pint of 80-proof whiskey). Thus, it
appears that a limited subpopulation of alcoholics is predisposed,
probably by genetics, to develop severe liver disease.

The liver changes associated with chronic excessive alcohol consump-
tion are certainly well established. The first manifestation of
alcoholic liver disease, the accumulation of fat within hepatic cells
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(steatosis), can begin to develop within days of heavy alcohol intake.
This is followed by early fibrosis, which in turn may be associated
with alcoholic hepatitis, the most common type of hepatitis in the
US and other industrialized nations. Continued heavy alcohol intake
leads to irreversible damage characterized by severe fibrosis and
subsequently to cirrhosis.

The mechanisms whereby ethanol exerts its toxic effects are not fully
understood. However, DiLuzio248 first reported that ethanol-induced
fatty liver could be partially prevented by the administration of anti-
oxidants and hypothesized that ethanol-induced hepatic injury
resulted from lipid peroxidation, a free radical process. Since then,
abundant experimental data indicate that free radical mechanisms
contribute significantly to ethanol-associated liver damage. More-
over, free radicals have also been implicated in ethanol toxicity on
various extrahepatic tissues. An extensive review of the experimen-
tal evidence supporting the role of free radicals in alcohol-induced
hepatotoxicity has been published.249

Cardiovascular diseases

(1) Coronary heart disease
Early studies250 indicated that light-to-moderate alcohol consump-
tion (1–2 alcoholic drinks/day) is protective against CHD, the num-
ber one cause of death in the US among both women and men.
Since then, numerous studies have confirmed this protective
effect. Furthermore, regular moderate alcohol drinking in the year
prior to an acute myocardial infarction is associated with a signifi-
cant decrease in mortality in both men and women.251 A recent study
also indicated that modest alcohol consumption decreases the risk
of peripheral arterial disease in men.252 The suggested explanation
of the protective effect of ethanol on CHD is that it increases
the serum level of “good” cholesterol (i.e. HDL-C), which is anti-
atherogenic. Moreover, red wine contains polyphenolic antioxidants
(i.e. flavonoids) which have also been reported to be protective
against CHD (Chapter 4).253
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Although numerous studies have shown that moderate alcohol con-
sumption decreases the risk of myocardial infarction (MI), the
effects of the drinking pattern and type of alcoholic beverage con-
sumed is somewhat unclear. Mukamal et al.254 studied the associa-
tion of alcohol intake with the risk of MI among 38,077 men (Health
Professionals Follow-up Study) who were free of cancer and cardio-
vascular disease at baseline and were followed from 1986 to 1998.
Their findings showed that compared with men who consumed alco-
hol less than once per week, those who consumed alcohol 3–4 or 5–
7 days/week had significantly decreased risks of MI. The risk was
similar in those who consumed less than 10 g of alcohol/drinking
day and those whose intake was �30 g/drinking day. Interestingly,
no single type of beverage (i.e. beer, red wine, white wine and
liquor) conferred additional benefit, nor did drinking with meals.
However, these results conflict to some extent with other studies,
including the one referred to earlier.253 For example, a pilot study
from Spain showed a significant increase in plasma HDL-C levels
and decreased low-density lipoprotein (LDL) oxidation after inges-
tion of red wine compared with the same amount of alcohol con-
sumed as spirits.255 Moreover, the relation between blood lipid levels
and the consumption of different types of alcoholic beverages
among French women and men showed that wine drinkers had higher
HDL-C levels than non-wine drinkers.256

Type 2 diabetes is an established major risk factor for CHD. How-
ever, a recent report suggests that alcohol consumption decreases the
risk of CHD in older patients with type 2 diabetes.257 Here, the
mortality rates from CHD in never drinkers, former drinkers, alcohol
intake �2 g/day, 2–13 g/day and �14 g/day were 43.9, 38.5, 25.3,
20.8 and 10.0 per 1000 person years, respectively. After controlling
for various common risk factors (i.e. age, sex, cigarette smoking,
etc.), the relative risks for former drinkers, those who drank �2 g/day,
2–13 g/day and �14 g/day were 0.69, 0.54, 0.44 and 0.21 compared
with never drinkers.

Although these and other studies clearly indicate that moderate daily
alcohol consumption has a protective effect on CHD, higher
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intakes result in various other medical and social problems. As noted
by Criqui and Golomb,258 alcohol intake by diabetics may induce,
or even mask, hypoglycemia by exaggerating hypoglycemic effects
caused by other factors (e.g. insulin, exercise and various medica-
tions). Furthermore, about half of regular alcohol consumers will
experience some alcohol-associated problem in their lifetime,
including cancer, liver disease, depression, injuries, social discord
and drug interactions. High levels of alcohol consumption have also
been associated with paroxysmal supraventricular arrhythimia.
Suggested possible mechanisms for this latter relationship include
subclinical alcohol cardiomyopathy, electrolyte abnormalities and
increased catecholamine levels.259

(2) Cardiomyopathy
Alcohol-related cardiomyopathy was recognized over 100 years ago.
For example, Bollinger,260 in discussing cardiac hypertrophy in
habitual beer drinkers, noted in 1884 that “with excessive habitual
use of beer, one has to take into account the direct effect of alcohol
on the heart.” Nevertheless, alcoholic cardiomyopathy is still some-
what difficult to clinically distinguish from other cardiomyopathies.
However, since 1960 the circumstantial evidence for an association
between chronic alcohol abuse and cardiomyopathy has been very
strong and includes autopsy studies showing abnormalities in a high
percentage of alcoholics, acute and chronic functional and metabolic
abnormalities, and structural changes related to alcohol consumption.259

Indeed, long-term heavy alcohol consumption is the leading cause of
non-ischemic, dilated cardiomyopathy among both sexes in the US.261

According to this literature review, alcoholics who consume �90 g
of alcohol/day (7–8 drinks/day) for five or more years are at risk of
developing asymptomatic cardiomyopathy. Those who continue to
drink at this level may become symptomatic and develop heart
failure. Others have shown an inverse dose-dependent relationship
between ethanol consumption and cardiac ejection fractions.262 In
addition, women develop alcoholic cardiomyopathy as frequently as
men although they usually consume significantly less alcohol.263,264

Moreover, women are more sensitive to the toxic effects of alcohol
on striated muscle (alcoholic myopathy).263
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The prognosis of alcoholic cardiomyopathy has generally been thought
to be better than idiopathic cardiomyopathy if these individuals
abstain from alcohol. Fauchier et al.265 have, however, recently
reported that patients with alcoholic cardiomyopathy do not have a
better prognosis than those with idiopathic cardiomyopathy. Since
alcoholism without abstinence in these patients is strongly related to
cardiac death, these researchers stressed the need for “a more
aggressive approach to alcohol cessation.”

(3) Hypertension
An association between high intakes of alcohol and hypertension was
first observed in French servicemen in 1915.266 However, this rela-
tionship received little attention until epidemiologic studies over the
past few decades linked increasing alcohol intake, along with
obesity and increased salt intake, as an important risk factor for
hypertension. The association between high alcohol intake and
hypertension has been reported in both prospective and cross-
sectional studies. For example, the major independent hypertensive
risk factors in a recent large cross-sectional study of 19,961 individu-
als were overweight, current smoking, physical inactivity and high
alcohol consumption.267 A large prospective study of the level of alco-
hol intake and risk of hypertension in women aged 25 to 42 years was
recently reported (Nurses’ Health Study II).268 The findings showed a
J-shaped curve; light drinkers (0.5–1.0 drinks/day) had a modest
decrease in risk while more regular heavy drinkers (�1.5 drinks/day)
demonstrated an increased risk. A review of the relevant literature
associating hypertension with alcohol intake has been published.269

Cerebrovascular disease and stroke

Cerebrovascular disease is a major cause of disability and is the third
leading cause of death in the US.73 In addition, stroke is a huge
financial burden for patients, their families and the health care
system. The cost of stroke in the US in 2002 was estimated to be
US$49.4 billion.270 The personal costs are also extensive since about
30% of stroke survivors are permanently disabled and 20% require
institutionalized care.270 The epidemiologic study of stroke is,
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however, difficult because of multiple clinical subsets and variations
in diagnostic criteria. In addition, low autopsy rates have resulted in
the loss of the exact pathologic diagnosis in innumerable cases. The
major risk factors for stroke are hypertension, diabetes mellitus,
myocardial infarction and smoking.271 As with CHD, studies in
Europe and North America have reported a U- or J-shaped associa-
tion between alcohol consumption and stroke.

Two recent studies, both published in 1999, found that moderate
alcohol intake signif icantly decreases the risk of ischemic
stroke.272,273 In a population-based case-control study involving a
multi-ethnic population aged 40 years and older, Sacco et al.272

reported that moderate alcohol intake (up to 2 drinks/day) was
significantly protective for ischemic stroke. After controlling for
cardiac disease, hypertension, diabetes, current smoking, BMI and
education level, the odds ratio was 0.51 for those consuming up
to 2 drinks/day compared with never drinkers. The protective
effect was present in both sexes, younger and older groups, and in
whites, blacks and Hispanics. However, the risk of stroke was
increased significantly among those who consumed �7 drinks/day
(odds ratio, 2.96). Similarly, a prospective cohort study followed
22,071 men (Physicians’ Health Study) aged 40 to 84 years for an
average of 12.2 years.273 After controlling for the common stroke
risk factors, the relative risks, compared with those who drank
�1 drink/week, were 0.78, 0.75, 0.83 and 0.80, for those who
averaged 1 drink/week, 2–4 drinks/week, 5–6 drinks/week and
�1 drink/day, respectively. Interestingly, the benefit was appar-
ent with as little as 1 drink/week and did not improve up to 1
drink/day. There was no statistically signif icant association
between alcohol consumption and hemorrhagic stroke. However,
this study did not include the potential negative consequences of
excessive alcohol intake and stroke. As noted above,272 the odds
ratio for stroke was 2.96 for persons who consumed �7 drinks/
day compared with non-drinkers. Unfortunately, these authors did
not differentiate ischemic from hemorrhagic stroke. However, prior
studies of stroke in heavy drinkers suggest that most of these were
likely hemorrhagic.259
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Hypertension is generally considered the major risk factor for intrac-
erebral hemorrhage. The use of non-invasive imaging techniques are
very useful since hemorrhagic strokes constitute about 10% of stroke
cases. For example, in a case-control study, 73 cases of cerebral
hematoma were diagnosed by CT scan.274 Here, the most important
risk factor was chronic alcoholism. Other risk factors were a history
of hypertension, presence of liver disease and EKG abnormalities.
The authors noted, however, that alcohol abuse is an important risk
factor for hypertension. In addition, chronic alcoholics with liver dis-
ease often have a bleeding disorder which may be an additional causal
factor in spontaneous intracerebral hemorrhage.275 Furthermore, in
an early literature review of moderate alcohol intake and stroke,
Camargo276 concluded that moderate drinking increases the risk of
both intracerebral and subarachnoid hemorrhage, although there were
population variations (e.g. increased in white populations, decreased
among Japanese).

Reynolds and associates277 recently reported a meta-analysis of 35 co-
hort and case-control studies published between 1966 and 2002 in which
total stroke, ischemic stroke or hemorrhagic stroke was the endpoint.
Their findings showed the following: (1) compared with non-drinkers,
consumption of �60 g of alcohol/day was associated with increased
relative risk of total stroke (1.64), ischemic stroke (1.69) and hemor-
rhagic stroke (2.18); (2) consumption of �12 g/day was associated
with a reduced relative risk of total stroke (0.83) and ischemic stroke
(0.80); and (3) consumption of 12–24 g/day was associated with a
reduced relative risk of ischemic stroke (0.72).

Cancer

Increased alcohol intake has been associated with several cancers,
including breast, liver, upper digestive tract (oropharyngeal and esoph-
ageal), colon and pancreas, among others. However, the mechanism(s)
whereby alcohol induces cancer is not well understood, although
alcohol intake clearly results in the production of reactive oxygen
species (e.g. hydroxyethyl radicals) and products of lipid
peroxidation,278 which are probably important in some cases.
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(1) Breast cancer
The generally accepted risk factors for breast cancer are age, hered-
ity, estrogen metabolism, tobacco smoke and increased alcohol con-
sumption. Although over 50 epidemiologic studies have examined
the association between breast cancer and alcohol intake, the exact
relationship has been somewhat controveresial.279 Nevertheless, most
studies have shown that alcohol consumption is associated with an
increased risk of breast cancer. Indeed, a recent pooled analysis of
six prospective studies conducted in Canada, the Netherlands, Sweden
and the US has been published.280 The results showed that for alcohol
intakes �60 g/day, the risk increased linearly with increasing
consumption. The pooled relative risk for an increment of 10 g/day
(0.75–1.0 drink) was 1.09, whereas the relative risk for intakes of
30 to less than 60 g/day (2–5 drinks) was 1.41. Although an intake of
�60 g/day did not show an increased prevalence, the authors had
only limited data. They later wrote that “self-reported alcohol
intakes may be less reliable at higher alcohol intakes, which may
contribute to the appearance of a plateau at these higher levels.”281

Several mechanisms whereby alcohol consumption increases the risk
of breast cancer have been proposed, including disruption of cell
membrane integrity, direct cytotoxic effect, interference with DNA
repair, impairment of liver metabolism of carcinogens, altering cir-
culating hormonal levels, dietary deficiencies and oxidative stress.
In a large 12-year prospective cohort study of postmenopausal women,
Sellers et al.282 reported the relative risks of breast cancer with low
dietary folate intake were 1.08 among non-drinkers, 1.33 among those
who drank �4 g/day and 1.59 among drinkers of �4 g/day. Yu283 pro-
posed that since insulin-like growth factors (IGFs) are “potent mito-
gens for a variety of cancer cells including most breast cancer lines,”
moderate alcohol consumption may increase the production of IGFs,
which then may increase the risk of breast cancer. Others284 noted
that the enzymes xanthine oxidoreductase (XOR) and alcohol dehy-
drogenase (DH) are expressed and regulated in breast tissue, and that
aldehyde oxidase (AOX) may also be present. Furthermore, these
enzymes have been shown to generate highly reactive and potentially
destructive reactive oxygen species (ROS). Thus, their reported data
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suggests the following: (1) expression of ADH and XOR or AOX in
breast tissue generates ROS; (2) alcohol metabolism produces
acetaldehyde and NADH, both of which can be substrates for XOR
or AOX with resultant ROS formation; and (3) the generated ROS
can induce carcinogenic mutations and DNA damage found in breast
tissue. A recent review285 of potential mechanisms based on recent
epidemiologic data included increased estrogen levels in alcohol con-
sumers, enhanced mammary gland susceptibility to carcinogenesis,
increased DNA damage and greater metastatic potential of breast
cancer cells, the magnitude of which likely depends on the amount
of alcohol consumed.

Physiologic evidence suggests that increased alcohol consumption
may increase the risk of breast cancer through a hormonal mecha-
nism. Thus, Gavaler et al.286 suggested that postmenopausal women
who are moderate drinkers have higher basal estradiol levels than
postmenopausal women who abstain from alcohol. Moreover, a sub-
sequent study287 showed that acute alcohol ingestion resulted in a
300% increase in circulating estradiol in postmenopausal women who
were using estrogen replacement therapy. However, alcohol consump-
tion did not significantly change the estradiol levels in postmeno-
pausal women who were not on estrogen replacement therapy. More
recently, Chen et al.288 reported the results of their prospective cohort
study of 44,187 postmenopausal women (Nurses’ Health Study) that
examined the relation between concurrent alcohol and postmeno-
pausal hormone use and invasive breast cancer. Their findings indi-
cated that “both alcohol consumption and postmenopausal hormone
use were associated with an increased incidence of breast cancer.”
Thus, postmenopausal women taking hormones should seriously
consider the added risks of regular alcohol consumption.

(2) Hepatocellular carcinoma
Hepatocellular carcinoma accounts for about 90% of liver cancers,
60% to 80% of which arise in cirrhotic livers. Although relatively
uncommon in North America and Western Europe, it may be the
most common worldwide malignancy. The risk of hepatocellular car-
cinoma is particularly high with postnecrotic cirrhosis associated with
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hepatitis B infections, although other etiologic factors include hepati-
tis C infection, hemochromatosis, alpha-1-antitrypsin deficiency and
alcoholic cirrhosis. In regions of low incidence, men are two to three
times as likely to develop liver cancer as women, perhaps due to the
increased frequency of hepatitis B infections, chronic liver disease and
chronic alcoholism in men.

Age at presentation, ethanol consumption, serologic hepatitis viral
markers and fibrosis were recently evaluated in 118 consecutive
German patients with hepatocellular carcinoma.289 The male to
female ratio was 4:1 and the mean age at presentation was 61.8 years.
Alcohol abuse and chronic hepatitis C were the most frequent impor-
tant risk factors (49.2% and 17.8%, respectively). The authors con-
cluded that chronic alcohol abuse remains the leading risk factor for
hepatocellular carcinoma in Germany and other European popula-
tions where the prevalence of hepatitis is low. The same assumption
is presumably true for Canada and the US.

(3) Colon cancer
Although numerous studies have focused on the association between
various foods and colon cancer, most have evaluated two major
nutrient hypotheses: high fat intake increases the risk of colon cancer
and dietary fiber decreases the risk. Meyer and White290 assessed the
relation between nutrients and the incidence of colon cancer in a popu-
lation-based case-control study involving 424 colon cancer cases and
414 controls. They found that alcohol consumption was strongly
related to colon cancer in both men and women. For alcohol intakes
of 0, �10, 10–29 and �30 g of ethanol/day, the odds ratios were 1.0,
1.9, 1.7 and 2.6 for men and 1.0, 1.3, 1.8 and 2.5 for women. For both
sexes, a high dietary fiber intake was associated with significantly
lower risk for colon cancer.

In an interesting study, Jacobs and associates291 examined the asso-
ciation between daily multivitamin use and colon cancer among
806,397 men and women who were followed from 1982 to 1998
(Cancer Prevention Study II). After multivariate adjustment, use of a
multivitamin containing folic acid slightly decreased the risk for
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colon cancer mortality (rate ratio 0.89). Consistent with prior stud-
ies, however, association was stronger among those who consumed
two or more alcoholic drinks per day (rate ratio, 0.71). Others
reported similar findings in a Polish population.292 Here, alcohol con-
sumption was a significant risk factor for colon cancer and the risk
increased with increasing alcohol intake. However, the risk was even
greater among alcohol consumers with a deficient intake of retinol,
carotene and vitamins C and E (odds ratio, 6.79).

(4) Renal cell carcinoma
Renal cell cancer is responsible for a small percentage of total cancer
cases and deaths throughout the world. However, in contrast to sev-
eral other cancers which have decreased or stabilized, kidney cancer
has steadily increased over the past decade. The major risk factors
associated with renal cell carcinoma include genetics, smoking,
obesity and hypertension. Most of the early case-control and cohort
studies showed no association between alcohol intake and renal cell
cancer. However, a more recent large international, multicenter case-
control study showed that alcohol intake at least once per week sig-
nificantly decreased the risk of renal cell carcinoma in women (odds
ratio, 0.60), although there was no association in men.293 Similarly,
in a recent population-based case-control study, Parker et al.294

reported their data regarding alcohol consumption and renal cell
carcinoma in 261 men and 145 women with this malignancy and
compared them with 1598 men and 837 women controls. The results
also showed a significant decrease in risk for women who consumed
�3 servings of alcohol/week compared with never drinkers (odds
ratio, 0.5). Again, however, there was no association between alcohol
intake and renal cell cancer in men.

(5) Esophageal and oropharyngeal cancers
Several epidemiological studies have reported a significant associa-
tion between cancers of the upper digestive tract and alcohol intake.
For example, in a prospective study of 6701 American men of Japa-
nese ancestry living in Hawaii who developed cancers of the upper
aero-digestive system (i.e. oropharynx, esophagus and larynx) and
other organs, consumed significantly larger amounts of total
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alcohol, mainly beer, compared with cancer-free controls.295 Those
who developed oropharyngeal and esophageal cancers also consumed
larger amounts of wine and spirits. Since these latter tumors are also
associated with cigarette smoking, age-adjusted relative risks were
calculated based on joint exposure to cigarette smoking and heavy
alcohol intake (�30 ml/day). The relative risk was markedly increased
among those who were both heavy alcohol drinkers and smokers (rela-
tive risk, 17.3) compared with non-smokers and modest drinkers.
The cancer risk was also greatly increased among heavy drinkers who
were non-smokers (relative risk, 8.6). Others,296 in a population-based
case-control study of esophageal cancer in Shanghai, reported that
the risk of esophageal cancer was increased among tobacco smokers
and alcohol consumers. The odds ratios for smoking were 2.1 and
1.6 for men and women respectively, and increased with the number
of cigarettes smoked each day, duration of smoking, number of pack-
years and decreasing age when smoking began. For current male
alcohol consumers, the odds ratio was 1.4 with excess risk mainly
among heavy drinkers. Since few women drank alcoholic beverages,
no data was available. The combined effect of heavy smoking and
alcohol intake was marked; the odds ratio was 12.0 for men who
smoked �1 pack/day and drank �750 g of ethanol/week.

The relationship between different types of alcoholic drinks (beer,
wine and spirits) and upper digestive tract cancers was examined in a
population-based Danish study involving 15,117 men and 13,063
women.297 Compared with non-drinkers, the relative risk was 3.0 for
persons who drank 7–21 beers or spirits/week but no wine; the rela-
tive risk was 5.2 for those who consumed �21 beer or spirits/week,
but without wine. However, those who had the same total alcohol
intake but with wine exceeding 30% of the total intake, the risks
were 0.5 and 1.7, respectively. The authors concluded that (1) increased
alcohol consumption is a strong risk factor for upper digestive tract
cancers; (2) resveratrol, an antioxidant rich in grapes and wine,
inhibits the initiation, promotion and progression of cancer; and
(3) wine drinkers may be at lower risk of developing oropharyngeal
and esophageal cancers than drinkers who have a similar intake of
beer and spirits.
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Launoy et al,298 noting that in various geographic areas in France
there are major variations in the prevalence of esophageal cancer,
studied 208 men with cancer and compared them with 399 male con-
trols. Their results showed that the link between esophageal cancer
and alcohol intake varied greatly according to the type of alcoholic
beverage; aniseed aperitifs, hot spirits (especially hot Calvados) and
beer had the greatest risk. After adjusting for all other alcoholic bev-
erages, hot Calvados accounted for about 50% of esophageal cancer
cases in Northwest France (Normandy and Brittany).

(6) Pancreatic cancer
Most epidemiological studies do not support a role for alcohol as a
risk factor of pancreatic cancer, although an increased risk among
heavy drinkers is less well established. To answer this question,
Ye and coworkers299 retrospectively studied a large cohort of Swed-
ish patients with chronic alcoholism, alcoholic chronic pancreatitis,
non-alcoholic chronic pancreatitis, alcoholic liver cirrhosis and non-
alcoholic liver cirrhosis. Their results showed that alcoholics had only
a modest excess risk of pancreatic cancer compared with the general
population. The authors suggested that the excess risk among alco-
holics might be attributed to smoking which may be over-represented
among alcoholics. A recent Japanese study also found no association
between pancreatic cancer and alcohol intake.300

Type 2 diabetes

Modest alcohol consumption (1–2 drinks/day) has been associated
with a reduced risk for type 2 diabetes, reduced fasting insulin con-
centration and improved insulin sensitivity.301–303 Others304 recently
reported that the risk of developing diabetes over a six-year period
for those who consumed up to 10 g of alcohol/day was 8.0% com-
pared with 12.9% for non-drinkers. In addition, Davies et al.305 stud-
ied the effects of moderate alcohol consumption on fasting insulin
and glucose levels and insulin sensitivity in postmenopausal women.
Here, the consumption of 30 g of alcohol (2 drinks)/day had benefi-
cial effects on insulin and triglyceride levels and insulin sensitivity
in non-diabetic postmenopausal women.
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Alcohol and miscellaneous medical disorders

Chronic alcohol abuse is often associated with acute erosive gastri-
tis. However, chronic alcoholic gastritis is most often due to
Helicobacter pylori infections and generally resolves with antimi-
crobial therapy.306 Other negative medical effects of chronic alcohol
abuse include protein-calorie malnutrition, male impotence, cardi-
omyopathy and fibrosis,307 and diarrhea. This latter disorder report-
edly exacerbates lactase deficiency, especially in people of African
descent.308

Maternal alcohol use and fetal alcohol syndrome

Prenatal alcohol exposure is one of the leading preventable causes of
birth defects, mental retardation and neurodevelopmental disorders in
the US.309 From 1991 to 1999, alcohol intake by pregnant women
increased substantially while alcohol use by non-pregnant women of
child-bearing age increased slightly.310 Although alcohol use (i.e. at
least one drink) during pregnancy declined significantly from 1995 to
1999, 12.8% of women still consumed alcohol during pregnancy.311

Moreover, the rates of binge drinking (i.e. �5 drinks on any single
occasion) and frequent drinking (i.e. �7 drinks/week or �5 drinks on
any one occasion) did not decrease during pregnancy and remains higher
than the 2010 Healthy People objectives. Moreover, unmarried and
older pregnant women had the highest rates of alcohol consumption.

The fetal alcohol syndrome, first described in the scientific literature
in 1973,312 is caused by increased alcohol consumption during preg-
nancy and is one of the major causes of preventable birth defects and
developmental disabilities.313 This syndrome is characterized by a
combination of growth deficiency, central nervous system dysfunc-
tion, facial dysmorphology and alcohol use during pregnancy. The
prevalence varies from 0.2 to 1.0 per 1000 live births due to different
study variations, as well as among racial/ethnic populations. In a
recent Centers for Disease Control (CDC) study of four states (Alaska,
Arizona, Colorado and New York), the prevalence rates varied from
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0.3 to 1.5 per 1000 live births and were highest in black and Ameri-
can Indian/Alaska Native populations.314 This latter report suggested
that the number of infants adversely affected by pregnancy-
associated alcohol exposure is probably underestimated for the
following reasons: (1) some cases may not be diagnosed because of
the “syndromic” nature of the disorder, lack of pathognomonic
features and negative perceptions of the diagnosis; (2) lack of docu-
mentation in the medical records; (3) some children might not be
diagnosed until they reach school age, at which time they are recog-
nized to have central nervous system abnormalities and learning
disabilities; and (4) some children with this syndrome may have left
the surveillance area before being identified. The recommendations
of the Task Force on fetal alcohol syndrome and other alcohol-
related prenatal effects were recently published.315

Cognitive impairment and dementia

Atherosclerotic vascular disease is presumably an important risk factor
for both ischemic and non-ischemic dementia.316 Since moderate
alcohol consumption decreases the risk for CHD, it might be expected
to lower the risk of dementia. However, very low blood alcohol lev-
els (0.02%) are well-known to impair automobile driving and, as noted
in an earlier section, heavy alcohol drinkers have a significantly higher
risk of hemorrhagic stroke. Conversely, light-to-moderate alcohol
intake reduces the risk of CHD and ischemic stroke. Until recently,
however, few studies have examined the effect of alcohol on cogni-
tion and dementia. Ruitenberg et al.317 carried out a prospective popu-
lation-based examination of 7983 persons aged 55 years and older.
After adjustment for various confounders (age, sex, blood
pressure, education level, smoking and BMI), light-to-moderate drink-
ing (1–3 drinks/day) was associated with a significantly lower risk of
any level of dementia (hazard ratio, 0.29). They also found no rela-
tion between dementia and the type of alcoholic beverage. Similarly,
Mukamal et al.318 found that, compared with abstention, the odds for
dementia among older adults whose average weekly alcohol intake
was �1 drink were 0.65; 1–6 drinks, 0.46; 7–13 drinks, 0.69; and
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�14 drinks, 1.22. Thus, compared with abstention “consumption of
1 to 6 drinks weekly is associated with a lower risk of incident
dementia among older adults.”

An Italian study also reported that the probability of cognitive
impairment decreased with moderate alcohol consumption (�40 g/day
for women; 80 g for men) compared with abstinence.319 However,
cognitive impairment increased significantly for older individuals who
consumed more than one wine-equivalent liter per day among men
and 0.5 liter among women. Similarly, a cohort study of Canadians
aged 65 years and older found that alcohol abuse was significantly
associated with cognitive impairment and independently
associated with increased short term mortality.320 The study also noted
that alcohol abuse occurred more often in men than women.

Magnetic resonance imaging (MRI) carried out in alcoholic men have
consistently shown that excessive alcohol consumption shrinks male
brains, especially the white matter.321 Moreover, there is a correspond-
ing increase in the cerebrospinal fluid (CSF) volume. Recent studies
have also shown brain shrinkage in women. For example, Hommer
et al.322 reported that alcoholic women have reduced gray and white
matter and have correspondingly greater CSF volumes than healthy
women. In addition, their data suggested that alcohol-related brain
shrinkage is greater in women than men. Conversely, another study
published in the same journal issue suggested that men have the great-
est shrinkage, especially in the frontal cortex.323 These conflicting
studies emphasize the complexity of the research techniques and will
require further studies to clarify the different effects of chronic alco-
hol intake on brain shrinkage in men and women.

Alcohol and accident-related injuries/fatalities

It is widely recognized that alcohol abuse is a major cause of auto-
mobile accidents and crash fatalities. In 2001, there were 17,448
alcohol-related traffic deaths.324 Moreover, the relative risk of death
in a vehicle accident increases steadily with increasing blood alcohol
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concentration in every age and gender group. A recent study of 40,000
Norwegian male conscripts, born in 1932–1933 and followed until
1991, found that most common causes of death were cardiovascular
diseases, cancer and accidents, respectively.325 However, the relative
risks of death for alcohol abusers from accidents, cardiovascular dis-
eases and malignant tumors were 3.2, 2.4 and 1.8, respectively. In an
early study, Zador326 reported on driver fatalities in single-vehicle
crashes. Here, for each 0.02% in blood alcohol concentration (BAC),
the risk of a fatal crash doubled. The crash risk increased with in-
creasing BAC among all age and sex groups. For BACs in the 0.05–
0.09% range, the likelihood of a crash was about nine-fold higher
than with a BAC of 0.00%.

Motor-vehicle crashes are the leading cause of death in the US for
persons aged 16 to 24 years and a significant proportion of these
crashes are alcohol-related. Indeed, alcohol-impaired driving is highest
among persons aged 21 to 24 years327 and the percentage of alcohol-
related fatal crashes is highest for this age group.328 However, drivers
less than 21 years of age are more likely to be involved in fatal crashes
than older drivers and their added risk for a fatal crash increases more
sharply at all levels of alcohol use.328 Thus, younger drivers with a
BAC of 0.05–0.09% were found to be at a significantly higher risk
than older drivers and women had higher relative risks than men. For
BACs of 0.15% or greater, the risk of an auto crash was 300 to
600 times the risk at zero BAC.329 More recently, these researchers
confirmed and expanded their earlier findings.330 Thus, among 16-
to 20-year-old male drivers, a BAC increase of 0.02% more than
doubled the relative risk of a fatal single-vehicle crash injury. At the
midpoint of the 0.08–0.10% blood alcohol level, the relative risk of a
fatal single-vehicle accident injury varied between 11.4 (drivers aged
�35 years) and 51.9 (male drivers aged 16–20 years). However, in
contrast to the previous report, women had a lower fatality risk than
men of the same age. These studies clearly indicate that drivers with
blood alcohol levels less than 0.10% are at a significantly elevated
risk to themselves and to others. Importantly, due to several public
interventions to reduce alcohol-impaired driving, the rates of
alcohol-related deaths decreased significantly during 1982–2001
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across all age groups, although the largest decrease was among driv-
ers less than 21 years old.324

Serious cycling accidents are also associated with alcohol abuse.331

In this study, intoxicated cyclists were not only more likely to sustain
injuries than sober cyclists, but were more likely to sustain the inju-
ries at night, on the weekends, on their way to and from a party, pub
or restaurant, in single accidents, and experience more serious inju-
ries to the face and head. In addition, the intoxicated cyclists cycled
less during the year, were more often unfamiliar with the route or
bicycle, had bicycles without a hand-brake or gears, and were less
likely to wear a helmet.

Other studies have shown that the risk of drowning also increases
with increased blood alcohol concentrations. Smith et al.332 studied
the association between alcohol consumption and recreational boat-
ing fatalities. Compared with a referent blood alcohol concentration
of 0, the relative risk of death increased with an alcohol concentra-
tion as low as 10 mg/dL (odds ratio, 1.3). The odds ratio was 52.4 for
a blood alcohol concentration of 250 mg/dL. Importantly, the risk of
death associated with alcohol use was similar for passengers and boat
operators. Moreover, the type of boat and whether it was moving or
stationary did not alter the results. Others333 reported on the relation
between alcohol consumption and drowning among US Army male
soldiers on active duty. They found that drowning victims were dis-
proportionately young, black, single, had less time in service, and no
college experience. Alcohol consumption was also involved in at least
one-third of the cases. Alcohol intake was associated with a ten-fold
increase in reckless behavior and was most common among drown-
ing in Europe.

Alcohol, drugs and chemical interactions

Genetics appears to play a major role in alcohol abuse and depen-
dence. The importance of heredity in alcoholism is supported by
several observational basic research studies. For example, the
prevalence of this disorder is reportedly three- to four-fold higher in
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first-degree relatives of alcoholics and increases another two-fold in
identical twins of alcoholics.334 Other support involves key enzymes
in alcohol metabolism. Ethanol is initially converted to acetaldehyde
by alcohol dehydrogenase (ADH), of which two genetic variants
(ADH2 and ADH3) produce a more rapid metabolic rate. Acetalde-
hyde blood levels are usually very low because of the enzyme
aldehyde dehydrogenase (ALDH2). About 10% of Asians (homozy-
gotes) carry a variation of ALDH2 (ALDH2-2), which is biologi-
cally inactive and therefore have an intense adverse reaction to even
low doses of alcohol.334 Moreover, the 40% of Asian women and men
who are heterozygotes for this enzyme also have a significant
negative reaction to ethanol. As a result, less than 10% of Japanese
alcoholics are heterozygotes compared with 40% of the Japanese
population.335 Other ethnic groups, including Jewish people, report-
edly have a lower alcoholism risk due to the presence of either ADH2
or ADH3 isoenzymes.336

Chronic ethanol consumption also induces the microsomal
alcohol-oxidizing system.337 The induction of this oxidizing system
contributes to the metabolic tolerance of alcohol in abusers. It also
affects the metabolism of other drugs, including pentobarbital,
propranolol, meprobamate, tolbutamide, warfarin, diazepam, rifa-
mycin and meprobamate.338 A major enzyme of the P-450 “mixed
function oxidase system” involved in ethanol metabolism is cyto-
chrome P-4502E1 (CYP2E1), which also converts a wide variety
of foreign compounds into highly toxic metabolites. These sub-
stances include anesthetic agents (e.g. methoxyflurane), industrial
solvents (e.g. bromobenzene and vinylidene chloride), common
medications (e.g. isoniazid and phenylbutazone), illicit drugs (e.g.
cocaine) and analgesics (e.g. acetaminophen).339

Acetaminophen (paracetamol), one of the most widely used anal-
gesics and antipyretics in the world, is generally considered to be
safe. However, even therapeutic amounts can cause serious hepato-
cellular injury in chronic alcoholics. Moreover, the negative effects
of acetaminophen, ethanol and fasting are synergistic since all three
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contribute independently to the depletion of reduced glutathione
(GSH), a critical antioxidant.340 Ethanol also inhibits the synthesis
of GSH. Furthermore, patients with alcoholic cirrhosis are often
deficient in vitamin E (alpha-tocoherol), a potent lipid-soluble
antioxidant, which adds to the negative effects of ethanol.341 The
fact that even recommended doses of acetaminophen, with appro-
priate therapeutic blood levels, can cause severe hepatocellular
necrosis in alcoholics often makes it very difficult for physicians to
explain the extensive increase in serum liver enzyme activities (AST
usually �20 times the upper reference level and AST � ALT). For
example, Kumar and Rex342 described five such cases in which the
diagnosis was initially missed due to “inadequate knowledge of the
distinct clinical presentation of acetaminophen toxicity in chronic
alcoholics.”

Recent studies have added additional information on the relation
between acetaminophen and alcohol abuse. For example, Schiodt
et al.343 reported that although chronic alcohol intake enhances
acetaminophen hepatic toxicity, acute alcohol intake does not influ-
ence the clinical course. Indeed, others344 reported that acetaminophen-
induced heptotoxicity and mortality in chronic alcoholics could be
counteracted by concomitant acute alcohol ingestion. These authors
also presented data suggesting that chronic alcoholics with suspected
acetaminophen intake should be routinely treated with intravenous
N-acetylcysteine. They found the longer the interval between
N-acetylcysteine treatment and acetaminophen intake, the greater the
mortality risk (�12 hours, 0.42%; 12–24 hours, 6.1%; 24–48 hours,
13%; and �48 hours, 19%).

To further complicate the issue, a recent randomized, double-blind,
placebo-controlled trial concluded that “repeated administration of
the maximum recommended daily doses of acetaminophen to long-
term alcoholic patients was not associated with evidence of liver
injury.”345 Thus, more studies are clearly needed to fully understand
the relation between acetaminophen intake and liver damage in
chronic alcoholics.
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Herbal Products

So called “alternative,” “complementary,” and “unconventional”
medical therapies, generally recognized as interventions neither
widely taught in medical schools nor available in most American
hospitals, are extensively used in the US and other industrialized coun-
tries. For example, the use of at least one of 16 alternative therapies
increased from 33.8% in 1990 to 42.1% in 1997 and the probability
of users visiting a practitioner of alternative medicine increased from
36.3% to 46.3%.346 Indeed, about 427 million people visited alterna-
tive medicine practitioners in 1990 compared with over 629 million
in 1997, thereby exceeding the total visits to all American primary
care physicians (about 357 million and 385 million, respectively).
Furthermore, the total out-of pocket expenditures relating to
alternative therapies in 1997 were about US$27 billion, which is com-
parable with the out-of-pocket expenditures for all American physi-
cians and exceeded the total out-of-pocket expenses for all hospital
services. The most popular therapies during this time were herbal
medicines, massage, chiropractic, acupuncture, megavitamins, self-
help groups, folk remedies, energy healing and homeopathy.

A type of alternative therapy that has become almost mainstream is
the use of herbal medicines. Indeed, consumer interest in dietary
supplements “has exploded into a US$15 billion a year industry …”347

In a recent study of adults entering an emergency department, 56%
reported they had tried alternative therapies and 87% believed that
they were effective.348 Of these, 24% indicated that they had used
herbal products. Importantly, 71% did not inform their physicians
that they had tried alternative therapies. The authors strongly recom-
mended that emergency room physicians routinely question their
patients regarding the use of alternative therapies, especially herbal
products, since they may cause serious adverse problems. Indeed,
children entering emergency departments have often been given herbal
products.349 In this report, the mean patient age was 5.3 years (range
three weeks to 18 years). Forty-five percent of the caregivers reported
giving their child an herbal product. The most common therapies
used were aloe plant (44%), echinacea (33%) and sweet oil (25%).
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Moreover, 77% either did not believe or were uncertain if herbal
products had any possible side effects and only 27% could name a
possible side effect. Of those who gave their children an herbal prod-
uct, 80% of their primary information source was from a friend or
relative and only 45% had discussed their use with a primary health
care provider.

The herbal products most commonly used today, along with their
intended benefits, are listed in Table 5.3. Representatives of the less
commonly used herbal products are listed in Table 5.4.

Unfortunately, to many people “natural” means “safe” despite abun-
dant evidence to the contrary. Indeed, overuse or wrongful use of

Table 5.3: Commonly Used Herbal Products and Intended Benefits

Herbal Product                                   Intended Benefits

Aloe Wound healing, burns, psoriasis, constipation
Chapparal Retard aging, acne, prevent various diseases
Echinacea Treat/prevent colds and respiratory tract infections
Ephedra Athletic enhancer, asthma, decongestant, stimulant
Garlic Hypercholeserolemia, hypertension, cancer prevention
Ginger Prevent motion and morning sickness, nausea
Ginkgo Dementia, memory loss, claudication, circulatory disorders
Ginseng General health promotion, sexual function, increase energy
Kava Relieve anxiety and stress, sedative
Saw palmetto Benign prostatic hypertrophy
Silymarin Liver diseases/disorders
St. John’s wort Depression, insomnia
Valerian Insomnia, anxiety

Table 5.4: Miscellaneous Herbal Products

Borage oil Feverfew
Cat’s claw Goldenseal
Chan su (FDA banned) Licorice
Comfrey Pycnogenol
Chamomile Senna
Danshen Uzara root
Dong quai



612 Chapter 5

herbal medicines may result in death. In contrast to pharmaceuticals,
herbal medicines are not standardized. As a result, the type and quan-
tities of active ingredients may vary significantly depending on the
region the herb is grown, the time in season when it is harvested, and
the plant species. Furthermore, herbs contain many substances of
uncertain biological activity and no reliable data exists on the safety,
drug interactions, or medical efficacy of many herbal products. Herbal
products are covered under the Dietary Supplement Health and Edu-
cation Act of 1994 and categorized as “dietary supplements.” As such,
they are treated as foods, not drugs. Therefore, they do not undergo
the rigorous testing required by the US Food and Drug Administra-
tion (FDA) for pharmaceutical drugs. As a result, little is known about
their effectiveness, optimal dosage, side effects, or interactions with
other medications. The labels on herbal products must indicate that
they do not “diagnose, treat, cure, or prevent any disease.” Unfortu-
nately, many consumers use these products to do just that. As a
result, certain herbal products merit close attention because their use
is widespread and includes settings where polypharmacy is common.
The major products in this latter area are saw palmetto, St. John’s
wort, Ginkgo biloba, echinacea and ginseng. Examples of important
herbal toxic effects are summarized in Table 5.5. Common herb-drug
interactions are summarized in Table 5.6.

In addition to possible herb-drug interactions, herbal medicines
may negatively affect laboratory test results in the following three

Table 5.5: Possible Adverse Effects of Major Herbal Products

Adverse Effect                        Herbal Products

Allergic responses Aloe, Cat’s claw, Echinacea, Garlic
Cardiovascular Ephedra
Coagulation Feverfew, Ginger, Garlic, Ginkgo
Dermatologic Garlic, Kava, St. John’s wort
Kidney Chaparral, Ephedra, Licorice, Cat’s claw
Liver Chaparral, Comprey, Echinacea, Ephedra, Valerian
Neurologic Ephedra, Ginkgo, Kava, St. John’s wort
Psychologic St. John’s wort
Transplant rejection St. John’s wort
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categories:350 (1) abnormal test results due to direct herbal interfer-
ence with the assay; (2) unexpected concentration of a therapeutic
drug due to drug-herb interaction; and (3) abnormal test results due
to toxic effects of the herbal product.

St. John’s wort (Hypericum perforatum)

Hypericum perforatum, an aromatic perennial herb, produces golden
yellow flowers which reportedly are particularly abundant on June
24, the celebrated birthday of John the Baptist; hence, the plant is
commonly known as St. John’s wort. The plant is native to Europe,
but is prevalent in America. Numerous chemicals have been iso-
lated from St. John’s wort, including hypericin, pseudohypericin
and various flavonoids (e.g. quercetin, isoquercetin and rutin),
among others. Melatonin, the human pineal gland hormone, is also
present.351 However, the principle ingredient is hypericin, which
inhibits the re-uptake of serotonin, norepinephrine and dopamine.
The major product sold in the US is a dried alcoholic plant extract
which is widely available in health food and vitamin stores. Wagner
et al.352 reported that users of St. John’s wort do so for three rea-
sons: treat depression, easy access and a history of exposure to and
belief in the safety of herbal medicines.

Table 5.6: Common Herb-Drug Interactions

Herbal Product Interacting Drug Disorder(s)

Feverfew Warfarin Bleeding
Garlic Warfarin Bleeding
Ginger Warfarin Bleeding
Ginkgo biloba Aspirin, Warfarin Bleeding

Thiazide Hypertension
Ginseng Warfarin Decrease warfarin effectiveness

Phenelzine Headache, insomnia, irritability
Kava Alprazolam Additive effects of depressants, alcohol
St. John’s wort Paxil Lethargy, incoherency, nausea

Cyclosporine Possible transplant rejection
Theophylline Decreases efficacy of theophylline
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Clinical uses

St. John’s wort has long been used in folk medicine for numerous
disorders (e.g. bronchitis, burns, cancer, gastritis, insomnia, kid-
ney disease, etc.). However, its current worldwide use is mainly
as an antidepressant.353 The estimated lifetime prevalence of
depression in the US is about 17%.354 Linde et al.355 reported a meta-
analysis of 23 published randomized clinical trials involving 1757
patients with mild to moderate depression who were treated with
either placebo or St. John’s wort. They concluded that the herbal
extract was significantly superior to placebo and similarly effec-
tive as standard antidepressants, although they noted that method-
ological flaws limit the generalizability of the data. Others356

compared the efficacy and tolerability of St. John’s wort with imi-
pramine in patients with mild to moderate depression and concluded
that the two medications were therapeutically equivalent. Moreover,
St. John’s wort was better tolerated.

More recently, Shelton and associates357 carried out a randomized
controlled double-blind trial with 200 adults with major depression
and concluded that St. John’s wort “was not effective for treatment of
major depression.” Similarly, the Hypericum Depression Trial Study
Group358 carried out a randomized controlled trial conducted in 12
academic and community psychiatric research clinics. The patients
were randomly assigned to receive St. John’s wort, placebo, or
sertraline for eight weeks. The group also concluded that the study
“fails to support the efficacy of H. perforatum in moderately severe
major depression.” Thus, the evidence suggests that St. John’s wort is
modestly effective in cases of mild depression, but ineffective when
depression is moderate to severe.

Safety

When taken alone, St. John’s wort generally has a good safety record
and is reportedly superior in this regard to conventional anti-
depressants.359 However, several adverse clinical effects have been
reported along with drug interactions that may arise when it is taken
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with other medications (Table 5.5). St. John’s wort activates the
hepatic cytochrome P-450 mixed function oxidase system which
can decrease the plasma level of a wide variety of prescribed medi-
cations (e.g. anticoagulants, oral contraceptives, antiviral agents,
etc.) with possible serious consequences.360 For example, in a study
involving healthy volunteers, St. John’s wort reduced the area under
the curve of indinavir, an HIV-1 protease inhibitor used to treat
patients positive for HIV, by 57% and decreased the eight-hour
indinavir trough by 81%.361 The researchers concluded that this
degree of inhibition could lead to drug resistance and treatment
failure. Moreover, other protease inhibitors (e.g. amprenevir,
nelfinavir, ritonavir and saquinavir) used to treat HIV are also pre-
sumably affected. Numerous other drugs are also metabolized
through the hepatic P-450 system and are presumably similarly
affected. These include medicines to treat heart disease (e.g. digoxin,
digitoxin, nifedipine and beta-blockers), seizures (e.g.
carbamazepine, phenytoin and phenobarbital), depression
(e.g. amitriptylene, imipramine and amoxapine), certain cancers
(e.g. cyclophosphamide, tamoxifen, taxol and etoposide), or to
prevent pregnancy (e.g. ethinyl estradiol) or transplant rejection (e.g.
cyclosporine, rapamycin and tacrolimus).362

Several reports indicate that St. John’s wort may have negative
effects on organ transplant patients taking cyclosporine. Thus,
St. John’s wort resulted in organ rejection in heart,363 kidney and
pancreas364 transplant patients. Studies have also linked St. John’s
wort with psychotic relapse in schizophrenic patients,365 hyperten-
sive crisis,366 acute toxicity,367 acute neuropathy368 and mania.369

Other reported less serious effects include headache, allergic reac-
tions, gastrointestinal irritations, tiredness and restlessness.370

Ginkgo (Ginkgo biloba)

Ginkgo, a leaf extract often referred to as EGb761, is prepared from
the ginkgo tree which was introduced into Europe from China. The
extract, used in China for about 5000 years, is now sold as a dietary
supplement to improve blood circulation in the brain and peripheral



616 Chapter 5

tissues. Thus, it is used primarily to treat and/or prevent dementia,
especially in Germany where it is officially approved to treat this
disorder. It has also been used to treat tinnitus, intermittent claudica-
tion, impotence and vertigo.

EGb761 contains numerous flavone glycosides and terpenoides. As
such, it has an antioxidant action as a free radical scavenger, a relax-
ing effect on vascular walls which improves blood flow and stimu-
lates neurotransmitters.371 Moreover, several experimental studies with
laboratory animals have shown that Ginkgo biloba inhibits the
formation of beta-amyloid, possibly through to its antioxidant
properties.372–374 EGb761 also exerts an anti-inflammatory effect by
suppressing the production of active oxygen and nitrogen species by
inflammatory cells and prolongs blood coagulation since it inhibits
platelet aggregation. The antioxidant properties are considered use-
ful for the treatment of free radical-associated diseases such as CHD,
ischemic stroke, chronic inflammation and aging among others.

Clinical uses

The authors of a systematic review of 40 controlled trials of Ginkgo
biloba for memory impairment suggested that only eight were of
acceptable methodologic quality.375 Of these, seven showed mild
improvement in cognitive function with ginkgo compared with pla-
cebo. Thus, although encouraging data existed from early studies,
the evidence was not compelling. Indeed, a very recent randomized
controlled study strongly indicated that ginkgo “provides no mea-
surable benefits in memory or related cognitive function in adults
with healthy cognitive function.”376 More specifically, this study
showed that ginkgo did not facilitate performance on standard tests
of memory, learning, attention and concentration or naming, and
verbal fluency in elderly people.

Most early studies suggested that EGb761 is at least modestly effective
in treating patients with both Alzheimer’s and ischemic dementia.371 For
example, Wettstein377 reported that EGb761 is effective as the second
generation cholinesterase inhibitors (e.g. donepezil, rivastigmine and



Substance Abuse, Herbal Medicines and Environmental Factors 617

metrifonate). In an earlier study involving 18 elderly people with
mild memory loss, ginkgo extract improved the speed recall of three
word lists.378 In a subsequent 52-week randomized, placebo-controlled,
double-blind trial involving 309 mildly to severely demented patients
with Alzheimer’s disease or multi-infarct dementia, EGb761 stabi-
lized and modestly improved the cognitive performance and social
functioning “in a substantial number of cases.”379 Moreover, the herbal
treatment was reportedly safe. In addition, Oken et al.380 conducted a
meta-analysis of four randomized double-blind, placebo-controlled
clinical trials of Ginkgo biloba to treat Alzheimer’s disease. They
concluded that there is “a small but significant effect” of treatment
with Ginkgo biloba extract on cognitive function in
patients with Alzheimer’s disease. More recently, however, van
Dongen et al.381 randomly allocated EGb761 or placebo to 214 eld-
erly patients and assessed the outcomes after 12 and 24 weeks. The
authors concluded the EGb761 “is not effective as a treatment for
older people with mild to moderate dementia or age-associated
memory impairment.” Thus, more careful studies involving large
numbers of elderly people suffering from memory loss and mild to
moderate dementia are needed to determine if there are truly func-
tional improvements with this extract. As emphasized by Grundman
et al.382 the clinical value of Ginkgo biloba and other antioxidants for
treating persons with Alzheimer’s disease “is ambiguous and will
remain so until properly designed human trials have been performed.”

Since Ginkgo biloba has been shown to improve blood flow, several
studies have compared its effect with placebo in persons with inter-
mittent claudication. In a meta-analysis of eight randomized, double-
blind, placebo-controlled clinical trials, Pittler and Ernst383 concluded
that compared with placebo, Ginkgo biloba has a moderate, clini-
cally relevant effect on intermittent claudication. However, they noted
that ginkgo was significantly less effective than walking exercise.

Ginkgo biloba has also been used to treat tinnitus. In a meta-analysis
of five randomized clinical trials, Ernst and Stevinson384 concluded
that there was a moderate statistically significant positive effect.
However, they noted that since few rigorous studies have been
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carried out, the therapeutic value of ginkgo for tinnitus was still some-
what uncertain. More recently, 60 patients with chronic tinnitus un-
derwent ten days of infusion treatment with 200 mg/day of EGb761
after which they were randomized to double-blind, oral treatment with
either 80 mg EGb761 twice daily or placebo for 12 weeks.385 The
researchers concluded that a combination of infusion therapy fol-
lowed by oral administration of EGb761 “appears to be effective and
safe in alleviating the symptoms associated with tinnitus aurium.”

Safety

Although EGb761 is generally considered to be safe, adverse effects
such as spontaneous bleeding,386–388 gastric disturbances and convulsions389

have been reported. In addition, interaction between non-steroidal
anti-inflammatory drugs (NSAIDs), including aspirin390 and various
anticoagulants, clearly indicate that they should not be taken concur-
rently. Ginkgo biloba has also been recently associated with bleeding
complications after liver transplantation391 and enhanced cytotoxic-
ity in conjunction with amikacin.392

Ginseng

The genus Panax consists of several species including Chinese gin-
seng (P. ginseng), American ginseng (P. quinquefolius) and Japanese
ginseng (P. japonicus). Most studies have used Chinese ginseng, so the
material presented here primarily refers to that species. The common
ginseng preparations are from the ginseng root, which can be purchased
as capsules, tablets, dried root or root extract. Saponins (ginsenosides
or panaxosides) are the major chemical substances in ginseng and at
least 28 ginsenosides have been identified.393 Ginseng also contains
maltol, vanillic acid, various peptides and polysaccharides.

Clinical uses

An extensive literature about ginseng has accumulated over the past
several centuries. As such, it has been used for its alleged sedative,
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hypnotic, aphrodisiac, antidepressant, demulcent and diuretic
activities.394 It has also been used to improve stamina, vigilance, con-
centration and well-being. Its pharmacologic properties reportedly
vary from central nervous system stimulation, modulation of the
immune system and anabolic effects.394 Despite these alleged ben-
eficial effects, Cupp395 recently wrote that “little scientific evidence
shows that ginseng is effective for any purpose.” This comment is in
agreement with Lewis’ earlier statement: “Unfortunately, ginseng
remains a medical enigma with no proven efficacy for humans.”396

Safety

The incidence of serious adverse effects of Chinese ginseng appears
to be relatively low although it has reportedly been responsible for
several negative conditions including nausea, insomnia, diarrhea,
vaginal bleeding, headache and hypotension.394 Ginseng was also
recently implicated in a manic episode in a patient on antidepressant
medication.397 American ginseng reportedly lowers blood glucose
levels in both diabetic and non-diabetic people.398 Hence, American
ginseng should be taken with a meal to prevent hypoglycemia in non-
diabetic persons. In addition, ginseng interacts with warfarin and
thereby lowers the international normalized ratio.399

Saw palmetto (Serenoa repens)

Saw palmetto, a dwarf palm tree, is present in the Southern United
States. It contains, among others, a variety of alcohols400 and biologi-
cally active acylglycerides (e.g. 1-monoalaurin and 1 monomyristin).401

Clinical uses

Early native Americans used saw palmetto to treat various genitouri-
nary conditions and in the early part of the 20th century it was used
as a mild diuretic in conventional medicine. It has subsequently been
used to enhance sperm production, libido, breast size and as a mild
diuretic. However, its major use is to treat men with symptomatic
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benign prostatic hyperplasia (BPH) and chronic prostatitis. Indeed,
the ripe berry extract from saw palmetto has been officially approved
in Germany to treat BPH. However, “over-the-counter” supplements
may result in significantly different results due to the apparent vari-
ability in the amount of active ingredients in different products. For
example, Feifer and associates402 found that six saw palmetto samples
were within a range of �97% to �140% of the labeled dosages, and
three of these contained less than 20% of the stated dosages. The
researchers concluded that “saw palmetto demonstrated tremendous
variability. Some samples contained virtually no active ingredients.”

In a multicenter study, 1098 men with moderate BPH were randomly
assigned to receive saw palmetto or finasteride (a 5-alpha reductase
inhibitor) over a six-month period.403 The authors found no signifi-
cant difference between the two groups. Wilt et al.404 later carried out
a literature review and meta-analysis of saw palmetto extracts in men
with symptomatic BPH. They concluded that although the literature
on saw palmetto for the treatment of BPH “is limited in terms of the
short duration of studies and variability in study design,” the extract
improves both urologic symptoms and urine flow. Moreover, com-
pared with finasteride, it produced similar improvement in urinary
tract symptoms and urine flow and “was associated with fewer
adverse treatment events.” However, as noted above, the clinical
results may vary significantly due to the variability in the amount of
active ingredients of different saw palmetto products.

Safety

Serious adverse effects of saw palmetto are apparently very uncom-
mon. However, several modest negative effects include constipation,
decreased libido, diarrhea, headache and nausea.394

Echinacea

Echinacea, a genus that includes nine different species in the US, is
a member of the daisy family. These perennial herbs are present
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throughout North American prairies, plains and woodlands. Echinacea
products vary considerably since different parts of the plants, albeit
mainly the roots, are used in the various preparations. In addition,
commercially available products are primarily prepared from three
different Echinacea species (E. angustifolia, E. pallida and
E. purpurea) and include fresh herb, freeze dried herb and an
alcoholic extract. The active ingredients include polysaccharides, gly-
coproteins, alkylamides, alkaloids and various flavonoids. Although
both E. pallida and E. purpurea have been officially approved by the
German Commission, E. angustifolia root has not.

Clinical uses

Common uses for echinacea include both topically applied and orally
administered preparations for wound healing, abscesses, burns, leg
ulcers and eczema.394 In the US, the major use of echinacea is to
stimulate the immune system to increase the resistance to colds and
upper respiratory tract infections. However, in a randomized, double-
blind, placebo-controlled trial with 302 volunteers from an industrial
plant and several military institutions, there was no statistically sig-
nificant difference to the time of onset of upper respiratory infec-
tions between echinacea and placebo.405 Grimm and Muller406 also
examined the efficacy of echinacea in preventing colds and respira-
tory tract infections and reported no difference in the incidence,
duration or severity between the placebo group and those who were
supplemented with a fluid extract of E. purpurea. After an extensive
literature search that included over 100 published articles, books and
book chapters, Barrett et al.407 reported that only nine treatment trials
and four prevention trials fit the criteria for evaluating the effective-
ness of echinacea extracts in reducing the incidence, severity and
duration of upper respiratory tract infections (URIs). They concluded
that echinacea “may be beneficial for the early treatment of URIs”
although they noted that “the influence of publication bias on those
results is unknown.” They also concluded that “there is little evi-
dence supporting the prolonged use of echinacea for the prevention
of URIs.”
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Safety

Adverse effects to echinacea preparations are reportedly very uncom-
mon and consist primarily of allergic reactions, some of which may be
serious. For example, between July 1996 and September 1997, the Aus-
tralian Adverse Drug Reactions Advisory committee received 11 reports
of adverse reactions associated with echinacea.408 These reactions were
as follows: asthma (three cases), rash (one case), rash with myalgia and
nausea (one case), hepatitis (three cases), dizziness with swollen tongue
(one case), and anaphylaxis (one case).

Kava (Piper methysticum)

Kava is prepared from the dried rhizome of the kava plant and is tradi-
tionally used in the South Pacific as a recreational beverage. There are
72 different kava plants which differ in appearance and chemical com-
position. The neurological effects of kava have been attributed to a
group of substituted dihydropyrones (kavapyrones), including yangonin,
desmethoxyyangonin, 11-methoxyyangonin, kavain and
dihydroxykavain. These compounds are present in the lipid-soluble kava
extract or kava resin.409 The major pharmacologic properties of kava
are as an anti-convulsant and a central muscle relaxer.394 The exact
mechanism whereby kava is believed to produce its anxiolytyic effect
is unclear due to conflicting reports with regard to kava’s effect on
gamma-aminobutyric acid receptors.

Clinical uses

In an early double-blind study, kava was found to be similarly effica-
cious with oxazepam in treating patients with anxiety disorders.410

Scherer,411 in an observational study, reported that 42 of 50 patients
indicated that kava was effective in relieving their anxiety. More
recently, Pittler and Ernst412 carried out a systematic review and meta-
analysis of seven randomized, double-blind, placebo-controlled clini-
cal trials in which kava was compared with placebo. They concluded
that kava was superior to placebo and that short-term treatment is
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effective is reducing anxiety. In addition, the combined use of kava
extract and hormone replacement therapy was found to be effective
in reducing menopausal anxiety.413

Safety

Although most clinical studies suggest that adverse effects of kava
are relatively uncommon, reported negative effects include visual
disturbances, dizziness, stupor, gastrointestinal and hepatic distur-
bances. Most of the reported adverse effects have been dermatologic.
For example, Jappe et al.414 reported that sun exposure to individuals
taking kava resulted in skin itching followed by erythematous plaques
and papules on the face, chest and back. In addition, when taken in
excessive amounts, kava may cause a reversible yellowish
discolorization of the skin, nails and hair (“kava dermopathy”).415

However, since 1999 hepatic toxicity has been associated with
excessive amounts of kava intake.416 Indeed, a total of 11 patients
from the US, Germany and Switzerland who used kava products
developed liver failure and underwent subsequent liver transplantation.417

As a result, the US Food and Drug Administration now advises con-
sumers and health care providers about the possible risks associated
with the intake of products containing kava.

Valerian (Valeriana efficinalis)

Valerian is a perennial herb present in North America, Europe and
Western Asia. The dried valerian root and root extract are available in
capsules, as an oral solution, or tea. The chemical composition of
valerian is complex and consists of over 100 compounds including
valeranone, valerenic acid, valepotriates, isovaltrate and didrovaltrate.
It is generally thought that the valepotriates are responsible for the
sedative activity of valerian.

Clinical uses

Valerian is believed to inhibit the degradation and re-uptake of
gamma-aminobutyric acid (GABA) and thereby may reduce stress
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and anxiety. Hence, it is often used to promote sleep. Indeed, vale-
rian has been approved in Germany as a sleep promoting and calm-
ing agent. However, as noted by Mar and Bent,418 only two small
randomized clinical trials comparing valerian with placebo have been
reported. Although both studies suggested that valerian root decreased
sleep latency and improved sleep quality, the reviewers stated that
“these studies were poorly done, however, and definitive conclusions
cannot be drawn from them.”

Safety

Since valerian binds the same cell receptors as benzodiazepines and
causes sedation, it “should not be used in combination with benzodi-
azepines, barbiturates, or other sedative-hypnotics.”418 Other reported
adverse effects include gastrointestinal upset, allergies, restless sleep,
headache and mydriasis.419

Garlic (Allium sativum)

Garlic, a worldwide herb commonly used to flavor food, has been
cultivated for several thousand years. It has also been used to treat a
variety of clinical disorders. There are several sulfur-containing com-
pounds in garlic including cysteine and others derived from allicin,
the substance responsible for the garlic odor. However, odorless gar-
lic tablets, which lack allicin, can also be purchased.

Clinical uses

Historically, the Chinese used garlic to lower blood pressure, the
Egyptians to increase physical strength and the Europeans to prevent
plague.418 An extensive literature has accumulated, particularly over
the past couple of decades, regarding the association between garlic
intake and cancer, atherosclerosis, hypertension and blood lipid lev-
els. Some of the positive effects of garlic are presumably related to
the antioxidants present in aged garlic extract (AGE), which contains
both water and lipid soluble antioxidants, as well as selenium which
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is essential for the action of glutathione peroxidase, a critical anti-
oxidant enzyme.420 Thus, AGE inhibits lipid peroxidation and reduces
ischemia/reperfusion injury and oxidative modification of low-
density lipoproteins.421 As such, it protects endothelial cells and pre-
vents or slows atheroscloerosis. Moreover, AGE protects DNA from
free radical-mediated mutations and the subsequent development of
some cancers. Indeed, a recent critical literature review suggests that
garlic consumption decreases the risk of stomach and colorectal can-
cers.422 With respect to gastric ulcers and cancer, garlic reportedly
has an antimicrobial effect on Helicobacter pylori.423

The effect of garlic on blood lipids is somewhat controversial. Early
studies in both animals and humans suggested that garlic was
effective in lowering blood cholesterol and triglyceride levels. For
example, in 1987 Lau et al.424 reported that garlic extract lowered
the blood level of both of these lipids. Moreover, two subsequent
meta-analyses of randomized placebo-controlled trials also indi-
cated that garlic intake reduced total cholesterol levels,425,426 although
the latter analysis suggested that the cholesterol-reducing effect was
modest. Conversely, Berthold et al.427 performed a double-blind,
placebo-controlled study of the effect of garlic oil on blood lipid
levels. After 12 weeks of garlic therapy, the authors concluded that
“the commercial garlic preparation investigated had no influence
on serum lipoproteins, cholesterol absorption, or cholesterol
synthesis” and that “garlic therapy for treatment of hypercholester-
olemia cannot be recommended …” In a similar multicenter,
randomized, placebo-controlled trial using garlic powder, Issacsohn
and associates428 also concluded that garlic is ineffective in lower-
ing cholesterol levels in hypercholesterolemic patients. A recent
review of the effect of garlic on cardiovascular disorders has
been published.429

Garlic has also been used for its anti-platelet and anti-hypertensive
activities. With respect to garlic intake and hypertension, Silagy and
Neil430 published a meta-analysis of eight prospective randomized
studies and reported that, compared with placebo, persons taking gar-
lic had a mean systolic blood pressure reduction of 7.7 mmHg and a
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diastolic reduction of 5.0 mmHg. The authors concluded, however, that
since these changes were mild and variable, further studies are needed
to determine whether garlic significantly lowers blood pressure in hy-
pertensive individuals as well as an antibacterial, antiviral, and anti-
fungal agent. Although garlic can prevent in vitro microbial growth, as
well as gastric Helicobacter pylori, no studies have shown it is effec-
tive in the prevention or treatment of other infectious disorders.

Several epidemiologic and laboratory studies suggest that the active
ingredients of garlic have an anticarcinogenic effect. Although the
mechanism whereby garlic may be anticarcinogenic is not fully under-
stood, some data suggest that it may prevent the suppression of the
immune response that is associated with an increased risk for cancer.
Examples of the cancers that may be inhibited by garlic and allium
vegetables include prostate,431 colorectal and stomach 432 and urinary
bladder.433 In their review of the epidemiologic literature of garlic and
cancer, Fleischauer and Arab434 concluded that although there is prob-
ably a preventive effect of garlic consumption in stomach and colorectal
cancers, “low study power, lack of variability in garlic consumption
categorization within studies, and poor adjustment for potential con-
founders may limit the reliability of any conclusions regarding garlic
supplements.” In addition, there was an indication of publication bias.

Safety

Garlic is generally very well tolerated although common side effects
include halitosis, body odor and topical irritation. However, its use
should be avoided in patients taking warfarin due to its possible anti-
platelet activity.418 Allergies, including asthma, have also been reported.

Chaparral (Larrea tridentata)

Chaparral is prepared by grinding the leaves of the creosote bush
(“greasewood”), an evergreen desert shrub. The leaves, stems and
bark can be brewed for tea; capsules and tablets are also commer-
cially available.
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Clinical uses

Chaparral has been recommended in non-scientific publications
for use as an “antioxidant” or “free radical scavenger.” As such, it
has been promoted to prevent various diseases, skin conditions
(e.g. acne), and to slow the aging process.435 The active agent is
reportedly nordihydroguaiaretic acid, a potent antioxidant which,
depending on the dosage, can inhibit the lipoxygenase and
cyclooxygenase pathways and thereby decrease the formation of
oxidants.435

Safety

Several published reports have clearly shown that chaparral can cause
severe hepatotoxicity. Gordon and associates436 reported a case of a
60-year-old woman who took chaparral for ten months and devel-
oped severe toxic hepatitis that required orthotopic liver transplanta-
tion. Others437 reported a chaparral-induced case of cholestatic
hepatitis. In addition, Sheikh et al.438 reviewed 18 cases of chaparral-
associated adverse effects reported to the FDA between 1992 and
1994. Of these, there were 13 cases of hepatoxicity. The predominant
pattern was characterized as toxic- or drug-induced cholestatic
hepatitis. The authors concluded that “the use of chaparral may be
associated with acute to chronic irreversible liver damage with
fulminant hepatic failure.…”

These and other reported cases, although relatively uncommon,
highlight the need to alert the public and health care and other
health professionals of the potential hazards associated with the
use of this and other herbal supplements. Since up to 50% of pa-
tients in some studies of fulminant hepatitis could not be attrib-
uted to infection by the various hepatitis viruses (e.g. A, B, B
mutants, C, D or E), Koff439 appropriately raised the question as
to whether some of these cases might be due to chaparral or other
herbal supplements. Importantly, chaparral has not been approved
by the German E Commission.
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Ephedra (Ma huang)

Ephedra is commonly present in herbal weight-loss products and is
often referred to as “herbal fen-phen.” Ephedra is a small perennial
shrub, the major species being Ephedra sinica and Ephedra
equisentina (collectively known as Ma huang). Ephedrine, a potent
central nervous system stimulant, is the predominant alkaloid of
ephedra plants.

Clinical uses

Ephedra-containing products are marketed as decongestants,
bronchodilators and stimulants. Other promoted uses include weight
loss, body building and athletic enhancement. “Herbal-ecstasy,” also
an ephedra-containing product, may produce a euphoric state.440

In a recent extensive literature review and meta-analysis of the effi-
cacy and safety of ephedra and ephedrine for weight loss and athletic
performance, the authors concluded that “ephedrine and ephedra pro-
mote modest short-term weight loss (~0.9 kg/month more than
placebo) in clinical trials.”441 With respect to athletic performance,
they concluded that the “evidence to support use of ephedra for ath-
letic performance is insufficient.”

Safety

Ephedra should not be used by patients with heart disease, hyperten-
sion, diabetes, thyroid disease, or by those taking monoamine oxidase
inhibitors. Moreover, numerous studies have shown that ephedra-
containing products may produce a variety of toxic disorders. Holler
and Benowitz442 evaluated 140 reports of probable ephedra-related tox-
icity and concluded that 31% were definitely related to ephedra; an-
other 31% were probably related. Of these, almost half involved the
cardiovascular system and 18% affected the central nervous system.
Hypertension was the single most common adverse reaction followed
by palpitations, tachycardia, stroke and seizure. There were ten deaths
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and 13 cases of permanent disability. Similarly, Samenuk et al.443 evalu-
ated the possible toxic effects associated with ephedra in 37 cases
referred to the FDA from 1995 to 1997. Ephedra-associated diseases
were stroke (16), myocardial infarction (10) and sudden death (11).
The authors’ conclusions were: (1) use of ephedra is temporally
related to stroke, myocardial infarction and sudden death; (2) underly-
ing heart or vascular disease is not a prerequisite for adverse ephedra-
associated effects; and (3) the cardiovascular toxic effects of ephedra
are not limited to massive doses.

More recently, Bent et al.444 compared the relative safety of ephedra
with other herbal products. They reported that products containing
ephedra accounted for 64% of all adverse reactions to herbs in the US
even though these products represented less than 1% (0.82%) of herbal
product sales. In persons using ephedra products, the relative risks for
an adverse reaction, compared with other herbs, ranged from 100 for
kava to 720 for Ginkgo biloba.

Ephedra use has also been associated with psychosis and delirium,445

hypersensitivity myocarditis446 and acute hepatitis.447 Nevertheless,
despite continuing evidence of the negative effects of ephedra prod-
ucts, they are still marketed in the US and the FDA has been reluc-
tant to take appropriate action to make them illegal. As a result,
Wolfe448 recently wrote, “We call on the FDA as an agency of the
Public Health Service to fulfill their legal responsibility and to stop
the occurrence of further preventable deaths and injuries by banning
ephedra products.” In response to the increased concern regarding
this product, the US Justice Department is reportedly conducting a
criminal investigation into whether Metabolife, the leading ephedra-
containing supplement on the market, lied about the safety of this
product (August 2002).449

Ginger (Zingiber officinale)

The ginger plant, native to Asia, is grown in the tropics. Ginger root
has been used in China as a flavoring agent and medicinal herb for
about 2500 years. The most pharmacologically active component of
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ginger are gingerol and its derivatives. It is available as the powdered
root, tea, capsules, oral solution and as a spice.

Clinical uses

In the US, ginger is promoted to prevent nausea, vomiting, vertigo,
motion sickness and morning sickness during pregnancy. Ginger has
been reported to reduce nausea and vomiting in some, but not all
clinical studies. Phillips et al.450 studied the effectiveness of ginger in
preventing nausea and vomiting in 120 postoperative patients. The
incidence of nausea and vomiting was 21% with ginger, 27% with
the drug metoclopramide and 42% with placebo. Conversely, two
later double-blinded randomized controlled trials found that ginger
was not effective in preventing nausea and vomiting after laparoscopic
gynecologic surgery.451,452

In an early randomized trial of the effect of ginger on seasickness, ginger
powder reduced vomiting and sweating significantly better than
placebo.453 In another double-blind cross-over, placebo-controlled study,
the volunteers were subjected to artificially-induced vertigo.454 The re-
sults showed that powdered ginger root was significantly more effective
than placebo in reducing vertigo. Moreover, an early controlled trial found
that ginger was more effective in preventing motion sickness than
dimenhydrinate,455 but was not found to be effective in a later similar
study.456 The inconsistencies of these types of studies are related, at least
in part, to the difficulty of measuring nausea and motion sickness since
these symptoms are often subtle and difficult to fully evaluate.

Safety

Ginger appears to be quite safe since its use has not been associated with
any serious side effects. However, its inhibition of platelet aggregation
and synthesis of prostaglandins and leukotrienes has been demonstrated
in vitro. Hence, when used in conjunction with other anti-platelet sub-
stances (e.g. garlic, ginkgo, vitamin E, aspirin and other pharmaceuti-
cals), bleeding problems are possible.
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Aloe (Aloe vulgari, Aloe barbadensis)

Aloe plants are native to Eastern and Southern Africa. Gel from the
leaves’ inner central zone and latex from the pericyclic
cells are used for medicinal purposes. Medicinal use in Mesopotamia
extends back to 1750 BC and Egyptians began using aloe for skin
infections in about 550 BC. Use in the US began in about 1820.

Clinical uses

Gel from the aloe leaves are used topically for wound healing, skin
irritation, burns, sunburn and psoriasis. The latex, consumed orally,
is used for constipation and peptic ulcer. The results of wound
healing studies in humans have been somewhat inconsistent. For
example, Syed and associates457 reported that aloe was beneficial
for the rapid healing of genital herpes, and aloe extract was found
to be effective in the treatment of psoriasis.458 Moreover, Hayes459

reported a case in which aloe vera was successful in treating a
patient with lichen planus, a disease that involves the skin and
mucus membranes. Conversely, aloe was ineffective for the pre-
vention of radiation-induced dermatitis460 and the topical use of aloe
reportedly delayed the healing of surgical abdominal wounds.461

In an early study, aloe vera and the “Husk of Isabol” were added
to the diet of 5000 patients with angina pectorus.462 After a
follow-up of five years, there was a reduction in the frequency of
anginal attacks and the patients’ drug dosages (i.e. verapamil,
nifedipine, beta-blockers and nitrates) were slowly decreased. The
author also reported “a marked reduction in total serum choles-
terol, serum triglycerides, fasting and postprandial blood sugar
level in diabetic patients, total lipids, and also increase in HDL
were noted.” The author’s suggested mechanism whereby these
two substances acted were probably related to “their high fibre
contents.” Further studies of the effects of these two substances
on CHD are certainly warranted.
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Safety

Aloe is a relatively safe herbal medicine. However, topical use of
the gel may delay wound healing. Moreover, oral consumption of
aloe may produce diarrhea and hypokalemia.418 As such, it should
not be used in patients with bowel obstruction or irritable bowel
syndrome.

Silymarin (Silybum marianum, Milk Thistle)

For more than 2000 years, the seeds of this prickly-leaved, purple-
flowered plant have been used to treat chronic liver diseases. More
specifically, silymarin is currently used by some to treat chronic
viral hepatitis and alcoholic cirrhosis. As a polyphenolic flavonoid
antioxidant, silymarin has also been used to protect against various
hepatoxic agents and reportedly has anti-inflammatory, cytoprotective
and anti-carcinogenic effects.

Clinical uses

Various animal studies have shown that silymarin protects liver cells
against hepatotoxic substances including drugs (e.g. acetaminophen
and amitriptylene),463,464 toxins (e.g. carbon tetrachloride and
alcohol),465 viruses and radiation.466 Recent experimental studies also
indicate that silymarin protects dopaminergic neurons against
lipopolysaccharide-induced neurotoxicity,467 prevents ultraviolet
light-induced immune suppression in mouse skin,468 and has anti-
proliferative and apoptotic effects in rat prostate cancer cells.469

In clinical studies, the effects of silymarin on cirrhosis have been
inconsistent. For example, in a randomized controlled trial, Ferenci
et al.470 reported a 30% decrease in the four-year mortality rate in
cirrhotic patients treated with silymarin. The effects were greatest
in those with alcoholic cirrhosis. Conversely, a more recent double-
blind randomized multicenter study found no difference in progres-
sion or mortality in alcoholic cirrhotics after two years of silymarin
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treatment.471 Silymarin therapy was, however, shown to reduce
hyperinsulinemia and the daily insulin need in cirrhotic diabetic
patients.472

Safety

Silymarin appears to have a good safety record. Case reports of
gastrointestinal disturbances and allergic skin rashes have been
uncommon.

Herbal supplementation summary

The use of herbal remedies is an increasingly common worldwide form of
alternative medicine. A 1997 survey estimated that 12.1% of American
adults used an herbal supplement in the previous 12 months at a personal
cost of US$5.1 billion.346 In 1990, only 2.5% of US adults used herbal
medicines. Most herbal products sold in the US are considered dietary
supplements and are not, therefore, regulated as medicines. As such, they
are not required to meet the drug standards as specified in the Federal
Food, Drug and Cosmetic Act.

Contrary to popular belief, the use of these “natural products” can pose
serious health risks. This is not surprising since these substances are
complex mixtures of chemicals, many of which are toxic. In
addition to possible direct adverse effects and serious drug-herb
interactions, there is an indirect risk that herbal medicines may com-
promise, delay or even replace an effective form of treatment.473 In
2001, the FDA received about 500 reports of adverse effects related to
dietary supplements and the US poison-control centers received 19,468
reports.474 These numbers, however, probably represent less than 1%
of the adverse events caused by dietary supplements, including herbal
products. Moreover, only a fraction of these cases are properly investi-
gated. The drawbacks to the surveillance system of adverse events
associated with dietary supplements have been recently published.475

Although some studies have shown herbal medicines to be benefi-
cial in treating certain disorders, others have been inconsistent and
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serious questions have been raised regarding the methods used and
the reliability of the data. Systematic reviews and meta-analyses of
these trials usually show that the reported effects are limited and
require confirmation by randomized controlled studies. Indeed, only
a small fraction of the thousands of medicinal plants used world-
wide have undergone rigorous testing in controlled clinical trials.
Nevertheless, these products have great appeal to many people, a
fact that cannot be ignored. As such, it is imperative that physicians
and other health care providers ask patients whether they are taking
herbal products, especially when they present with an unexplained
health problem.

Because of the potentially serious medical effects related to
herbal medicines, there is a definite need for new regulations
regarding these products. Indeed, several countries (e.g. France,
Germany, Sweden and Australia) have implemented strategies
for licensing herbal medicines. Marcus and Grollman476 recently
emphasized this need in the US because of the increasing num-
ber of reports of “adverse effects and deaths associated with
botanical health products, the distribution and widespread sale
of adulterated products, and the marked increase in misleading
promotional claims on the Internet demand prompt action to
protect the public health.”

Prescription and Illicit Drugs

Substance abuse may cause a wide variety of human illnesses and
diseases including ischemic heart disease (angina pectorus and acute
myocardial infarction), chemical hepatitis and cirrhosis, acute and
chronic renal disease and various mental disorders, among others.
Moreover, substance abuse imposes severe personal and societal
financial burdens. For example, the 1988 losses to the economy
related to alcohol and drug abuse were US$129.3 billion and US$58.3
billion, respectively.477 In 1995, the economic costs of substance abuse
was estimated at US$428.1 billion: US$175.9 billion for alcohol and
US$114.2 billion for drugs.478
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Adverse prescription drug reactions

The marked increase in prescription drug use over the past few
decades has caused widespread concern on the grounds of inappro-
priateness of prescribing, adverse drug reactions which result in
significant patient morbidity and mortality, as well as increased medi-
cal costs. Early studies indicated that the elderly are primarily
involved in increased prescription drug use and may have higher
adverse reaction rates.479,480 At this time, the suggested reasons for a
higher risk in the elderly were (1) increasing percent of elderly in the
population; (2) increased number of multiple illnesses; (3) multiple
stresses such as low income, loneliness and widowhood; (4) decreased
capacity to metabolize and excrete some drugs; and (5) increased
tissue sensitivity.

An early British multicenter study found that 15.3% of older people
admitted to Geriatric Departments who were taking prescribed drugs
suffered adverse reactions, and in 84% of these cases adverse reac-
tions were an important factor in their hospital admission.481 The
major adverse drug reactions were due to hypotensives, anti-
Parkinsonian drugs, psychotropics and diuretics. In a subsequent
review of this subject,482 the authors stressed that the major factors
which influence patient susceptibility to adverse drug reactions were
(1) multiple drug therapy which increases exponentially rather than
linearly with the number of drugs taken; (2) multiple disorders and
disease severity can alter drug disposition by increasing steady state
concentration or increasing drug half-life; (3) type of prescribed
drug; (4) altered pharmacokinetics in that most adverse drug reac-
tions are dose-related and affected by changes in drug metabolism,
renal elimination and distribution; and (5) the effect of age on
altered pharmacodynamics, which may be increased or decreased
depending on the drug. Importantly, these researchers concluded
that “remarkably little data is available to support the commonly
held view that the incidence of adverse reactions increases with
patient age.” Rather, “severe illness, multiple pathology and the
associated high level of prescribing is much more important than
age itself.”
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Although most early studies of adverse drug reactions involved hos-
pitalized patients, several recent reports have examined adverse drug
events in ambulatory community-dwelling residents. For example,
Willcox et al.483 examined the incidence of inappropriate drug pre-
scribing for older community-dwelling Americans. Using explicit
criteria developed by 13 US and Canadian geriatrics experts, they
reported that 23.5% (i.e. 6.64 million people) received at least one
of the 20 contraindicated drugs. Moreover, 20.4% of these
individuals received two or more contraindicated drugs. The major
adverse effects were cognitive impairment and sedation. Similarly,
Zhan and associates484 reported that 21.3% of community-dwelling
elderly Americans received at least one of 33 potentially
inappropriate medications. These authors concluded that “overall
inappropriate medication use in elderly patients remains a serious
problem.”

Similarly, in a recent prospective study of 661 outpatients, 162 (25%)
had adverse drug events.485 Of these, 24 (13%) were serious, 51 (28%)
were ameliorable and 20 (11%) were preventable. Of the ameliorable
events, 32 (63%) were due to physician failure to respond to medication-
related symptoms and 19 (37%) to patient failure to inform the
physician of the problems. The drug classes most frequently involved
were selective serotonin-reuptake inhibitions (10%), beta-blockers (9%),
angiotensin-converting enzyme inhibitors (8%) and non-steroidal
anti-inflammatory drugs (8%).

Prescription errors are also an important health problem. Indeed, from
1983 to 1998, US fatalities from acknowledged prescription errors
increased by 243% (2876 to 9856), which is a greater percentage
increase than for most other causes of death.486 However, serious
adverse reactions and death are not uncommon even when drugs are
prescribed and administered properly. For example, Lazarou and
associates487 carried out a meta-analysis of 39 prospective studies
from US hospitals. The incidence of serious adverse drug reactions
was 6.7%; fatal events occurred in 0.32%. The estimated number of
serious adverse drug reactions in 1994 was 2,216,000 and the esti-
mated number of deaths was 106,000. Thus, adverse drug reactions
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was the fifth leading cause of death in the US at that time (although
not listed as a major cause of death488).

The financial cost of adverse drug reactions is also highly signifi-
cant. Thus, a recent study of surgical intensive care patients showed
that for each adverse drug event, the average length of stay was
increased by 2.31 days.489 In addition, Hohl et al.490 studied poly-
pharmacy, frequency of adverse drug events leading to emergency
department presentations and the frequency of potential adverse
drug interactions in medication regimens of patients 65 years and
older. Their results showed that 90.8% of patients were taking one
or more medications (prescribed or over-the-counter), the number
consumed varying from 0 to 17 (average 4.2 per patient). The
adverse drug events accounted for 10.6% of all emergency
department visits. The most frequent medication classes were non-
steroidal anti-inflammatory drugs, antibiotics, anticoagulants,
diuretics, hypoglycemics, beta-blockers, calcium channel blockers
and chemotherapeutic agents. At least one potential adverse drug
interaction was identified in 31% of cases.

A significant percentage of adverse drug reactions are, however, pre-
ventable. A large elderly cohort (30,397 person years) was studied to
evaluate the incidence and preventability of adverse drug events in
an ambulatory setting during a 12-month period.491 Here, 1523
adverse drug events were identified of which 27.6% were considered
preventable. Of the adverse reactions, 38% were serious, life-
threatening or fatal; 42.2% of these more severe events were
preventable compared with 18.7% of the significant adverse drug
reactions. Cardiovascular drugs (24.5%), followed by diuretics
(22.1%), nonopioid analgesics (15.4%), hypoglycemics (10.9%) and
anticoagulants (10.2%) were the most common medication catego-
ries associated with preventable adverse reactions. The authors noted
that the more serious adverse drug reactions are “more likely to be
preventable” and that “prevention strategies should target the
prescribing and monitoring stages of pharmaceutical care.”

Individual differences in drug response is affected by age, sex, dis-
ease and drug interactions. However, genetic factors also influence a
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drug’s efficacy and the likelihood of an adverse reaction (pharmaco-
genetics). That is, after being absorbed, the drug is metabolized
and then excreted. Each of these processes could be affected by ge-
netic variation. To examine this factor, Phillips et al.492 evaluated
18 adverse drug reaction studies and 22 variant allele review articles.
Here, 27 frequently cited drugs involved in adverse medical events
were identified. Of these, 59% are metabolized by at least one
enzyme with a variant allele known to cause poor metabolism. How-
ever, only 7% to 22% of randomly selected drugs are known to be
metabolized by enzymes with this genetic variability. The results sug-
gested that drug therapy based on individuals’ genetic makeups “may
result in a clinically important reduction in adverse outcomes.”
Indeed, it is now possible to individualize therapy in the case of a few
drugs.493 Further advances in understanding the genetic variations in
the proteins involved in drug uptake, distribution, metabolism and
action will allow physicians to select the proper drug at the optimal
dose for each patient.

Substance abuse and addiction

The abuse of both prescription and illicit drugs is a widely recog-
nized and serious problem in the general population. As such, drug
abuse is both a health and social issue. It not only affects the
individual’s mental and physical health, but the health of the public.
Over the past two decades, it has been shown that drug addiction is a
chronic, relapsing disorder that results from prolonged drug effects
on the brain. Early reports regarding the effects of chronic drug use
on cognition and comparisons of various drug users have been
inconsistent, perhaps due to methodological flaws. To clarify the
effects of chronic drug use on cognition, Block et al.494 studied a
group of substance users categorized as stimulant, alcohol or polydrug
users. Their performance on academic achievement, verbal memory
and abstraction tests was compared with the performance of
community-dwelling controls. The groups were matched on demo-
graphic and psychiatric characteristics. The results showed signifi-
cant impairment on each of the achievement tests, abstraction ability
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and decreased total recall in all drug users compared with the con-
trols. Moreover, stimulant users performed more poorly on several
tests compared with the other drug use groups.

Numerous studies have also demonstrated a significant link between
both prescription and illicit drug use and psychopathology. Indeed,
drug users have both higher rates and more severe levels of psycho-
logical impairment than people who do not use drugs. Since it has
been unclear as to whether drug use precedes the development of
psychiatric disorders, Brook et al.495 carried out a longitudinal study
of subjects at mean ages of 14, 16, 22 and 27 years. Their results
showed that tobacco use by adolescents and young adults was associ-
ated with a significantly increased risk of alcohol dependence and
substance use disorders by age 27 years. Moreover, early use of alco-
hol, marijuana and other illicit drugs predicted a later major depres-
sive disorder even after statistically controlling for age, sex, parental
education level, family income and prior episodes of a major depres-
sive disorder.

Drug abuse is also directly or indirectly an important vector for the
transmission of several major infectious diseases, especially acquired
immunodeficiency syndrome (AIDS), hepatitis and tuberculosis. The
reported risk factors for addiction include substance availability, heri-
tability, family, environment, previous psychopathology, childhood/
adolescent behavior and previous substance use.496

Prescription drug abuse

Opioid analgesics are generally prescribed for pain control and
patients with moderate to severe chronic pain commonly present in those
with cancer and chronic, long-lasting back pain. The major prescrip-
tion drugs for these conditions are the opioid agonists (Table 5.7).
Unfortunately, these drugs are moderately to highly addictive. In ad-
dition to the analgesic effects, their pharmacologic effects include
euphoria and various other classic signs and symptoms. Those asso-
ciated with intoxication include depressed mental state, bradycardia,
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hypotension, coma, hypothermia, depressed respiration and decreased
gastrointestinal motility. Withdrawal effects include agitation, vom-
iting, diarrhea, diaphoresis, hypertension, tachycardia, tachypnea and
muscle cramps.

Prescription drug abuse is a serious and rapidly growing problem
resulting in a dramatic increase in hospital admissions and deaths,
mainly from drug overdose. Indeed, prescription drug overdoses are
responsible for more deaths than illegal drugs such as cocaine and
heroin.497 Oxycodone, hydrocodone and methadone abuse continues
to increase. Data from the Florida Medical Examiner’s office497 dur-
ing the first six months of 2002 reportedly showed that: (1) oxycodone,
present in 267 cases, caused 112 deaths; (2) hydrocodone, present in
248 cases, caused 61 deaths; (3) benzodiazepine, present in 734 cases,
caused 150 deaths; and (4) methadone, present in 254 cases, caused
133 deaths.

According to the National Household Survey on Drug Abuse,
almost three million 12- to 17-year olds and seven million young
adults (18–25 years old) reported abusing prescription medications
in 2001.498 Indeed, the annual number of new prescriptions for pain
relievers increased from about 400,000 in the mid-1980s to two
million in 2000. As a result of their increased availability, emer-
gency department visits increased remarkably between 1994 and
2001 for narcotic prescription drugs. Thus, oxycodone increased
352%, methadone 230%, morphine 210% and hydrocodone 131%.497

Moreover, many of these people were regularly consuming more
than one drug.

Table 5.7: Major Analgesic Prescription Drugs

Codeine Meperidine
Dihydrocodeine Methadone
Fentanyl Morphine
Hydrocodone Oxycodone
Hydromorphone Oxymorphone
Levorphanol
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In addition to the direct toxic effects of these and other prescription
drugs, they may cause serious injuries, including death and signifi-
cantly increase medical costs. For example, benzodiazepines are used
by many elderly people to treat anxiety and insomnia. Adverse
effects of these drugs include drowsiness, sedation, confusion and
impaired motor function. To determine whether the use of benzodi-
azepines of either long- or short-elimination half-life increases the
risk of motor vehicle injuries, a large cohort of Canadians, aged 67
to 84 years, were studied from 1990 to 1993.499 Here, the adjusted
rate ratio of crash involvement within the first week of long half-life
benzodiazepine use was 1.45; the ratio was 1.26 for continuous use
of longer duration (i.e. up to one year). However, there was no
increased risk with short half-life benzodiazepine use. Moreover, as
noted above, oxycodone is a potent narcotic and its overuse often
leads to drug dependence. Thus, if regularly used during pregnancy,
it may result in withdrawal symptoms in the neonate.500 Furthermore,
controlled-release oxycodone is a very expensive drug and contrib-
utes significantly to the marked increase in pharmacy costs.501 This
recent review examined 16 clinical trials to determine whether this
agent offered clinical benefits over other drugs that would justify its
greater cost. The authors concluded that “for patients requiring a con-
trolled-release opioid treatment, controlled-release morphine and
methadone should be considered because they appear to be as effec-
tive as oxycodone and cost considerably less.”

Although substance abuse is widely recognized in the general
population, it is largely under-diagnosed and under-treated in
people aged 65 years and older, leading to what some have
referred to as “an invisible epidemic.” The major behavioral signs/
symptoms associated with drug abuse in the elderly include the
following:502 (1) inability to cope with occupation loss, (2) mood
swings (irritability and depression), (3) loss of physical mobility,
(4) hygienic problems, (5) insomnia and hypersomnia, (6) unex-
plained accidents, falls and trauma, (7) decreased cognitive
function, and (8) chronic pain. Most studies of substance abuse in
the elderly outpatients, were found to be prescription drug abus-
ers.503 The major abused drugs were diazepam, codeine,
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meprobamate and flurazepam. Moreover, 92% of these patients
had abused the drugs for over five years. The major risk factors in
this group were female sex, social isolation, chronic illness, polyp-
harmacy, and a history of psychiatric problems and alcohol abuse.
More recently, Edgell et al.504 found that 4% of geriatric veteran
inpatients had non-alcoholic drug abuse disorders (prescription
drugs, 3%; illicit drugs, 1%). It is, perhaps, not surprising that the
benzodiazepines were the most commonly misused prescription
drugs. The high rate of benzodiazepine dependence suggests that
physicians should consider alternative treatments for anxiety and
depression in the elderly.

Illicit drug use

Cognitive deficits associated with the chronic abuse of marijuana,
opiates and stimulants have important theoretical and clinical
significance. These deficits result from changes in the cortical, sub-
cortical and neuromodulatory mechanisms that underpin cognition;
they also directly interfere with rehabilitation programs. The most
commonly used illicit drugs are listed in Table 5.8.

Cocaine

Cocaine, an alkaloid extracted from the leaf of the Erythroxylon coca
bush, grows in South America. It is available in two forms: the hydro-
chloride salt and the “free base.” Cocaine hydrochloride, which can be
taken orally, intravenously, or intranasally is commonly referred to as
“chewing,” “mainlining” and “snorting,” respectively. The free-base
form is heat-stable and melts at 98�C, which allows it to be smoked.
This form is commonly referred to as “crack cocaine” because of the
popping sound it makes when heated.

Table 5.8: Common Illicit Drugs

Cocaine Heroin
Cannabis (Marijuana) Methamphetamine
Ecstasy Steroids
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In 1999, about 25 million Americans had used cocaine at least once,
3.7 million had used it within the previous year and 1.5 million were
current users. Moreover, 30% of all drug-related emergency depart-
ment visits was attributed to cocaine.505 Although cocaine use report-
edly declined in the early to mid-1980s, its use increased 82% between
1994 and 1998 (514,000 to 934,000 users).506 These authors attributed
the increased use to its ease of administration, availability and drug
purity, reduced cost and the misperception that its use is safe. Cocaine
use is also common in middle and high school students. Indeed, a
recent government report found that 9.4% of students aged 18 years
and younger had used cocaine in some form during their lifetime.507

Overall, Hispanic and white male students (14.9% and 9.9%, respec-
tively) were also more likely than black male students (2.1%) to report
lifetime cocaine use. Hispanic and white female students (13.1% and
9.2%, respectively) were more likely than black female students to
report lifetime use (1.3%). Cocaine use also increased with advancing
student age. Thus, students in grade 12 were more likely to report life-
time cocaine use than those in grade 9 (12.1% and 7.2%, respectively).

(1) Cocaine and cardiovascular events
Cocaine-related cardiovascular events include accelerated atheroscle-
rosis, angina pectorus, myocardial infarction, cardiomyopathy,
myocarditis, arrhythmias, hypertension, aortic dissection and
endocarditis.508 In 1982, Coleman and associates509 first reported an
association between myocardial ischemia and infarction and cocaine
use. Since then, numerous studies have verified cocaine-associated
myocardial ischemic events. For example, a retrospective cohort study
at 29 US hospital centers from 1987 to 1993 identified 130 patients
with cocaine-associated myocardial infarction.510 These patients were
relatively young (average age 38 years), non-white (72%) and
tobacco smokers (91%) with a history of cocaine use in the past
24 hours (88%). The major complications were congestive heart fail-
ure (nine patients), ventricular tachycardia (23 patients), supraven-
tricular tachycardia (six patients) and bradycardia (23 patients). Ninety
percent of the complications occurred within 12 hours of presenta-
tion. The acute in-hospital mortality was 0%. This is in contrast to a
recent Florida Medical Examiner’s report of 579 deaths in which
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cocaine was present. Of these, 180 deaths (31%) were attributed
to cocaine.497

The suggested mechanisms whereby cocaine induces myocardial
ischemia and infarction are as follows:506 (1) patients with athero-
sclerotic plaques have increased myocardial oxygen demand but a
limited blood supply resulting in increased heart rate, blood pres-
sure and myocardial contractility; (2) increased alpha-adrenergic
stimulation, increased endothelin production and decreased nitric
oxide results in coronary artery vasoconstriction; and (3) increased
plasminogen-activator inhibitor, increased platelet activation and
aggregability, and increased endothelial permeability accelerates
atherosclerosis and stimulates thrombosis. A recent study also
showed that cocaine induces transient erythrocytosis that “may
increase blood viscosity while maintaining tissue oxygenation
during vasoconstriction.”511 In addition, cocaine increased von
Willebrand factor which, without a compensatory change in
endogenous fibrinolysis, “may trigger platelet adhesion, aggrega-
tion and intravascular thrombosis.”

Most cocaine-related cases of myocardial infarction occur in young,
non-white male cigarette smokers without other arteriosclerotic risk
factors but who have a history of repeated cocaine use.506 Neverthe-
less, “myocardial infarction may develop in first-time users, occa-
sional users and long-term users.”508 Moreover, the risk of acute
myocardial infarction is increased by a factor of 24 during the
60 minutes following cocaine use in persons who are otherwise at
relatively low risk.512

(2) Cocaine use and miscellaneous clinical disorders
Ischemic liver damage is a well-known complication of heart
failure, but it may also be caused by hypotension associated with
cocaine-induced cardiac events.513 This negative effect on the liver
is presumably due to hepatic ischemia, the result of systemic
hypotension induced by coronary and systemic arterial vasospasm
which leads to congestive heart failure. In addition to these cocaine-
associated ischemic events, decreased cerebrovascular blood flow
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has also been described. Thus, a recent study showed increased
hypoperfusion in cocaine abusers compared with controls, presum-
ably due to vasospasm and potential compensations in cerebral
blood flow.514

Hsue et al.515 reviewed 38 hospital records of acute aortic dissection
that occurred from 1981 to 2001. Of these, 14 (37%) were related to
cocaine use (crack cocaine in 13 cases; powder cocaine in one). The
mean interval between cocaine use and symptom onset was 12 hours.
Those with cocaine-associated aortic dissection were younger, black
and had a history of hypertension. Cocaine use has also been associ-
ated with heat stroke.516 In this report, eight patients entered the emer-
gency department during the June 1998 heat wave in New Orleans
[heat index reached 112�F (44.5�C)]. All had elevated drug levels,
codeine being the most common. Six patients had rhabdomyolysis;
three of these also had disseminated intravascular coagulation. There
were two deaths (25%).

Cocaine use during pregnancy is also a significant public health prob-
lem, particularly in US urban areas and among women of low socio-
economic status.517 These researchers reported that “cocaine exposed
children had significant cognitive deficits and a doubling of the rate
of developmental delay during the first two years of life.” They sug-
gested that these children will continue to have learning difficulties
at school age.

Marijuana (cannabis)

More than 60 dibenzpyrene compounds known as cannabinoids have
been identified in extracts of the hemp plant, Cannabis sativa. Most
of these compounds are not psychoactive, and only one form of
tetrahydrocannabinol (THC) is both active and present in substantial
amounts. As with anesthetic agents, cannabinoids are hydrophobic
and depress central neurosystem function and induce analgesia. Two
receptors have recently been identified to which THC binds and
through which it exerts its effects.
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Over seven million Americans reportedly use cannabis weekly or more
often.518 In addition, 42.4% of American high school students in 2001
had used marijuana during their lifetime.507 Overall, male students
were significantly more likely to report the lifetime use of marijuana
than female students (46.5% and 38.4%, respectively). This sex dif-
ference was found for both Hispanic and white students, as well as in
students in grades 9, 10 and 11. Moreover, there was a progressive
increase in marijuana use from grades 9 to 12 (32.7%, 41.7%, 47.2%,
51.5%, respectively). In addition, 23.9% of students admitted they
had used marijuana one or more times during the 30 days preceding
the survey.

What are the most common risk factors for cannabis use and pro-
gression in abuse and dependence? A four-year prospective commu-
nity study of adolescents and young adults designed to answer this
question was recently published.519 The findings confirmed the
previously well-established risk factors such as peer pressure, drug
availability and low self-esteem. In addition, family history (e.g.
parental mental disorders and early parental death) and prior experi-
ences with legal drugs both played a significant role in marijuana use
and the subsequent transition to cannabis use disorders.

(1) Marijuana use and cognitive function
Although early studies indicated that gross neurologic impairments
to chronic marijuana use did not occur, the evidence was inconclu-
sive with regard to the presence of more specific deficits, such as
impaired cognition.520 Thus, recent studies have clearly demonstrated
changes in cognition and brain function associated with frequent or
long-term use of cannabis. For example, the results of a multi-site
retrospective cross-sectional study of 102 “near-daily” cannabis
users was recently reported.518 The findings showed that long-term
cannabis users (mean, 23.9 years of use) performed significantly less
well than shorter-term users (mean, 10.2 years of use) and controls
on memory and attention tests. The authors concluded that “long-
term heavy cannabis users show impairments in memory and atten-
tion beyond the period of intoxication and worsen with increasing
years of regular cannabis use.”
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(2) Marijuana use and mental disorders
Roeloffs et al.521 studied the characteristics associated with substance
abuse in patients with either depressive symptoms (44%) or depres-
sive disorders (56%) in six primary care clinics. Their findings showed
that sedative misuse (14% of all patients) was associated with greater
wealth, social phobia and misuse of prescription drugs. However,
marijuana use (11% of all patients) was associated with younger age,
male gender, single marital status, white ethnicity, less education,
recurrent depression, agoraphobia and hazardous alcohol use. In an
Australian study,522 1601 adolescents (mean age, 14.5 years) were
followed for seven years. By age 20, about 60% had used marijuana
and 7% were daily users. Although early depression and anxiety did
not predict later cannabis use, weekly use predicted a two-fold
increase in later depression and anxiety. Moreover, the risk of
depression and anxiety was increased five-fold in women who used
marijuana daily.

Further follow-up of a previously described Swedish cohort of 50,087
men (aged 18 to 19 years) showed a dose-dependent relation between
marijuana use and risk of developing schizophrenia.523 Among those
who had used only marijuana, and had used it 50 or more times, the
adjusted odds for developing schizophrenia was 6.7. Another long-
term study relating schizophrenia to cannabis use involved 759 chil-
dren who were 11 years old at baseline.524 Psychotic symptoms were
assessed at baseline and at age 26; drug use was assessed at ages 15
and 18. The results showed that frequent cannabis users (36%) had a
significantly greater likelihood of showing schizophrenic symptoms
at age 26 than those who rarely or never used cannabis (65%). In an
accompanying editorial, Rey and Tennant525 addressed the following
three questions: (1) Is the association between cannabis use and mental
health problems dose-related? (2) Do people use cannabis to self-
medicate existing mental problems? and (3) Could other drugs cause
the observed relation between cannabis and schizophrenia and
depression? They concluded that there is a dose-related association
between cannabis use and serious mental health problems. However,
the answers to questions 2 and 3 were “no.” Nevertheless, it is still
unknown whether long-term marijuana use is a primary cause of
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mental disorders or whether it unmasks a preexisting predilection to
mental health problems.

To further study the association between long-term marijuana use
and schizophrenia, Buhler and associates526 evaluated the onset and
lifetime prevalence of substance abuse in a population-based sample
of 232 first schizophrenic episodes. Here, schizophrenics were twice
as likely as controls to have a lifetime history of substance abuse at
the age of first admission (alcohol, 23.7% versus 12.3%; drug abuse,
14.2% versus 7.0%). Of the drug abusers, 88% used cannabis and
62% began the habit before the onset of schizophrenia. The authors
concluded that “a small proportion of schizophrenics might have
been precipitated by substance, mainly cannabis, abuse.” Others527

concluded that continuous heavy marijuana use can induce a psy-
chotic disorder similar to, but “distinct from” schizophrenia and
that these “two clinical entities share some features but they differ
in others.”

(3) Marijuana use and cardiovascular events
Although it is well known that smoking marijuana has hemody-
namic consequences, including a dose-dependent increase in heart
rate, supine hypertension and postural hypotension, a possible
association between marijuana use and serious cardiac events was
not appreciated until recently. To investigate the possible associa-
tion between marijuana use and acute myocardial infarction,
Mittleman et al.528 interviewed 3882 men and women who had an
acute myocardial infarction. Of these, 124 (3.2%) reported smok-
ing marijuana in the prior year, 37 within 24 hours and nine within
an hour of symptoms. Marijuana users were mainly men (94% ver-
sus 67%), current cigarette smokers (68% versus 32%) and obese
(43% versus 32%). Cannabis users were also less likely to have had
prior angina or hypertension. The authors concluded that “smoking
marijuana is a rare trigger of acute myocardial infarction.”
Others529 reported an association between acute cardiovascular
deaths following marijuana use. This report identified six cases in
which cannabis was the only drug detected in postmortem blood
samples, thereby documenting recent marijuana use. In addition, an
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interesting report described the case of acute myocardial infarction
in a young man following the combined use of cannabis and Viagra
(sildenafil citrate), a widely prescribed vasodilator for male erec-
tile dysfunction.530 Viagra is mainly metabolized by the hepatic cy-
tochrome P4503A4 microsomal enzyme. As such, its vasodilator
effects can be potentiated by an inhibitor of this enzyme. Indeed,
cannabis inhibits cytochrome P4503A4 enzyme. Other reports have
also associated Viagra use with myocardial infarction in patients
with cardiovascular disease. Nevertheless, marijuana’s cardiovas-
cular effects are clearly not associated with serious cardiac
problems for most healthy young users. However, cannabis use by
individuals with cardiovascular disease increases their risk of an
adverse cardiac event “because of the consequences of the result-
ing increased cardiac work, increased catecholamine levels, car-
boxyhemoglobin and postural hypotension.”531

(4) Marijuana and immunity
Numerous studies of the effects of marijuana on the immune system
suggest that cannabinoid intake is associated with an increased inci-
dence of viral infections and allergic symptoms. In a literature
review of the effects of marijuana on the immune system, Klein
et al.532 reported that marijuana modulates (1) the function of T and
B lymphocytes as well as natural killer (NK) cells and macrophages;
(2) the host resistance to various infectious agents (e.g. herpes sim-
plex virus and bacterial agents, such as those of the genera Staphylo-
coccus, Listeria, Treponema and Legionella; and (3) the production
and function of acute phase and immune cytokines as well as the
activity of network cells such as macrophages and T helper cells.
Thus, cannabinoids can be immunomodulatory and thereby enhance
the disease process. More recently, Friedman and Klein533 updated
their prior literature review on the effects of marijuana on the im-
mune system. In addition to their earlier findings, human studies
showed that cannabinoids decrease T-cell rosette formation, increase
the CD4�/CD8�ratio, increase IgE levels and decrease IgG levels. In
human cell cultures, cannabinoids decrease T-cell production, increase
B cell production and decrease macrophage phagocytosis and NK
cell cytolysis.
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(5) Cannabis and use of other drugs
The title of a recent editorial asked the question, “Does Marijuana
Use Cause the Use of Other Drugs?”534 Here, Kandel noted that there
are “regular sequences and stages of progression in which the use of
alcohol and cigarettes precedes the use of marijuana and, in turn, the
use of marijuana precedes the use of other illicit drugs …” Thus,
very few people who have used cocaine and heroin did not
previously use marijuana beforehand, a phenomenon known as the
“gateway hypothesis.” This hypothesis assumes the following three
interrelated propositions:535 (1) sequencing, in which there is a fixed
relationship between two substances where one is initiated before
the other; (2) association, whereby the initiation of one substance
increases the initiation likelihood of the second substance; and
(3) causation, in which the use of the first substance is the cause of
the use of the second substance. Whether or not there is a direct causal
link between the use of marijuana and other drugs, an association
between the two is well established.

A recent study by Lynskey et al.536 further supports this association.
They examined whether early marijuana use and subsequent progres-
sion to other drug use and abuse/dependence persists after control-
ling for shared environmental and genetic influences. Their results
showed that by age 17 years, the odds of other drug use, alcohol
dependence and drug abuse/dependence were 2.1 to 5.2 times greater
for marijuana users than those of their co-twins who did not use can-
nabis before age 17 years. They concluded that the “association
between early cannabis use and later drug use and abuse/dependence
cannot solely be explained by common predisposing genetic or shared
environmental factors.”

(6) Medicinal uses of marijuana
The potential of cannabinoids as medical therapeutics has long been
known. The ability of this diverse family of compounds to modulate
neurotransmission and act as antiinflammatory antioxidative agents
led to increased scientific interest in their potential as neuroprotective
agents. Thus, recent literature reviews suggest that cannabinoids may
be clinically useful in treating patients with Parkinson’s disease,
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multiple sclerosis, increasing appetite in patients with HIV wasting
disease, reduction of intraocular pressure in glaucoma,
bronchodilation in asthma, and relief of chronic nausea and vomit-
ing. Moreover, experimental studies suggest that various cannabinoids
may be effective in rescuing dying neurons in cases of acute
neuronal injury as occurs in cerebral ischemia and traumatic brain
damage.537–539 Nevertheless, most researchers agree that considerably
more basic research is needed to better understand cannabinoid neu-
robiology, as well as properly designed clinical trials to assess their
usefulness in treating various clinical conditions.

Cannabis has also been widely used as an analgesic to relieve chronic
pain. The authors of a recent small selected study of patients who
smoked cannabis for chronic pain relief concluded that their study
results “must be interpreted with caution.”540 They emphasized that
clinical trials are needed to fully evaluate whether cannabis is use-
ful in treating patients with chronic pain. Indeed, in a literature
review of randomized controlled trials, Campbell et al.541 concluded
that “cannabinoids are no more effective than codeine in control-
ling pain and have depressant effects on the central nervous system
that limit their use.” As such, the widespread use of cannabinoids
for chronic pain management “is therefore undesirable.” They also
suggested that cannabinoids should not be used in patients with
acute postoperative pain.

(7) Marijuana, cocaine, and cancer
Does chronic use of crack cocaine or marijuana cause cancer? Fliegel
et al.542 reported that both hyperplasia and squamous cell metapla-
sia were found substantially more frequently in the lungs of crack
cocaine smokers and marijuana smokers than in the lungs of non-
smokers. Moreover, those individuals who smoked both crack
cocaine and tobacco or both marijuana and tobacco had an even
higher frequency of histopathologic abnormalities. In a later study,
Barsky and associates543 demonstrated that marijuana and crack
cocaine smokers have an increased frequency of molecular abnor-
malities in bronchial epithelium that are similar to those present in
cigarette smokers (i.e. Ki-67, a cell proliferation marker; EGFR, a
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growth factor receptor; P53, a tumor suppressor protein; and
DNA ploidy).

Since it took several decades to prove that cigarette smoking causes
cancer, it may also take decades to determine whether smoking mari-
juana and/or crack cocaine are also important risk factors for lung
cancer.

Methamphetamine and amphetamine

Methamphetamine use is an increasingly serious problem in the
US. Gibson et al.544 recently published the results of their study of
methamphetamine use in California’s Central Valley, mainly in Sac-
ramento, which may be the most severely affected American city.
Their results showed that, in contrast to Seattle and San Francisco,
methamphetamine users in the Central Valley are mainly hetero-
sexual and of mixed racial/ethnic heritage. At least 75% began their
drug use while in their teens; more than 25% were 15 years or
younger. Indeed, a recent CDC report507 indicated that 9.8% of
American students (grades 9 to 12) had used methamphetamine
during their lifetime. Overall, Hispanic and white students (9.1%
and 11.4%, respectively) were significantly more likely to use meth-
amphetamine in their lifetime than black students (2.1%). This sig-
nificant racial/ethnic difference applied to both male and female
students. The study also showed a three-fold difference in lifetime
methamphetamine use across state surveys (5.3% to 15.6%).

Amphetamine and methamphetamine use is also very common in
other countries. For example, in New Zealand the National Drug
Surveys of people aged 15 to 45 years were conducted in 1998 and
2001.545 The findings showed that stimulant use (i.e. amphetamine
and methamphetamine) increased from 2.9% in 1998 to 5.0% in 2001;
the use of methamphetamine increased from 0.1% to 0.9%. Thus,
these stimulants moved from the third most popular illicit drug type
in 1998 to the second most popular in 2001. Moreover, 41% thought
that these stimulants were easier to obtain in 2001 and 20% said they
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cost less. The availability and use of methamphetamine has also
increased since 1998 in Sydney, Australia. Here, the Illicit Drug
Reporting System reported the emergence of at least three different
forms of “potent” methamphetamine; methamphetamine powder
(“speed”), base methamphetamine (“base”) and crystalline metham-
phetamine (“ice”, “shabu” and “crystal meth”).546

(1) Methamphetamine use and HIV infection
As noted by Gibson and associates,544 since methamphetamine en-
hances libido, especially if injected, the users typically have many
more sexual partners and are more likely to be HIV-infected. A study
of 807 California prison inmates, 32% of whom used methamphet-
amine prior to incarceration, showed a “dramatically higher”
sex-related HIV/AIDS risk than non-methamphetamine substance
abusers.547 Similarly, the risks of prevalent HIV infection associated
with incarceration of injecting drug users in Bangkok, Thailand were
recently studied.548 The documented HIV seropositive participants
were drug-injecting users formerly incarcerated for six months or
more during the previous five years. Compared with controls, the
independent risk factors for HIV infection were methamphetamine
injection before detention (odds ratio, 3.3), sharing needles in the
holding cell (odds ratio, 1.9), being tatooed while in prison (odds
ratio, 2.1) and borrowing needles after release (odds ratio, 2.5).

Since there is limited information about high-risk behaviors among
heterosexual African American men infected with HIV, Wohl et al.549

carried out a case-control study of HIV-infected and uninfected self-
identified heterosexual African American men. However, a signifi-
cantly higher number of the HIV positive men reported increased
sexual risk behaviors (i.e. anal sex without condom use with both
men and women). Moreover, a history of drug injection significantly
increased the risk of HIV (amphetamine odds ratio, 4.3; metham-
phetamine odds ratio, 2.9). Others550 studied HIV risk and drug use
behavior and psychosocial status of Filipino Americans in San Fran-
cisco. The methamphetamine users were generally males, had low
levels of perceived personal control in their lives, and low levels of
shame about their drug use. As such, methamphetamine use was a
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significant risk factor for HIV infection. The frequent methamphet-
amine users also tended to engage in drug use before or during sex
and to use condoms infrequently. Thus, since methamphetamine is
typically used in social events, a social approach to HIV prevention
might be successful in reducing the incidence of this disease.

(2) Methamphetamine use and other clinical disorders
Although perhaps not commonly reported, various clinical disorders
have been associated with methamphetamine abuse including sub-
cortical hemorrhage in a 32-year-old woman551 and intrauterine fetal
growth retardation.552

3,4-Methylenedioxymethamphetamine (MDMA; “Ecstasy”)

Webster’s New World Dictionary defines ecstasy as “a state or
feeling of overpowering joy; rapture.” Thus, users say that MDMA
lowers their inhibitions and relaxes them. In addition, it report-
edly increases their awareness, feelings of pleasure and increases
their energy. Ecstasy gained national attention when it became
the drug of choice at club parties known as “raves”; it is now the
third most used illicit drug after cannabis and amphetamines.
Nevertheless, this illicit stimulant, which is chemically related to
meperidine, amphetamine and methamphetamine, can damage
nerve cells in the brain. Indeed, ecstasy may produce side effects
such as headaches, chills, eye twitching, blurred vision and nau-
sea. In addition, high doses may cause dehydration, hyperthermia
and seizures.

Data from a recent national survey of over 14,000 college students at
119 American colleges regarding ecstasy use and related behaviors
from 1997 to 1999 was recently published.553 The prevalence of
ecstasy use increased from 2.8% in 1997 to 4.7% in 1999, an in-
crease of 69%. A smaller sample of ten colleges indicated that the
increase continued in 2000. Those who used ecstasy were more likely
to smoke cigarettes, use marijuana, engage in binge drinking, have
multiple sexual partners, consider arts and parties as important,
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religion as less important, spend less time studying, and more time
socializing with friends. Interestingly, unlike other illicit drug users,
MDMA users were not academic underachievers and their interest in
education did not differ from that of non-ecstasy users.

(1) MDMA and CNS damage
MDMA, first synthesized and patented in 1914 by Merck, a German
drug company, was originally used as an appetite suppressant. In the
1970s, MDMA was used to help those undergoing psychotherapy to
be more open and express their feelings. The clinical use of MDMA
was stopped in the mid-1980s when animal studies showed that it
caused brain damage. Indeed, MDMA may damage neurons that use
dopamine and serotonin.554 In this study, primates were given three
doses of MDMA to simulate the dosage people take during all-night
“raves.” When they were examined a few weeks later, the researchers
observed “profound dopaminergic neurotoxicity, in addition to less
pronounced serotonergic neurotoxicity.” They concluded that MDMA
users may put themselves at risk for developing neuropsychiatric
disorders related to dopamine and/or serotonin deficiency.

(2) Ecstasy use and psychological disorders
MDMA has been implicated in the onset of various psychological
disorders and has been associated with a number of psychiatric symp-
toms that have persisted after drug cessation. After reviewing ten
years of psychiatric case studies, Soar et al.555 concluded that “recur-
ring symptoms strongly suggest a causal relationship between the
drug and neuropsychiatric manifestations.”

Various animal and human studies have shown that chronic use of
MDMA is associated with significant cognitive impairments,
particularly in laboratory and field tests of memory for previously
encoded material. To evaluate the effects of MDMA use on aspects
of everyday cognitive function, Heffernan and coworkers556 com-
pared regular ecstasy users with non-users in prospective memory
(i.e. remembering to do something at some future point) and found
that ecstasy users had more errors in prospective memory. The
authors suggested that these prospective memory deficits may be
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related to previously reported serotonergic and frontal lobe deficits
in chronic MDMA users. In a follow-up study,557 this group of
researchers concluded that MDMA users have impaired prospec-
tive memory that “cannot be explained by an increased propensity
of exaggerated cognitive failures.” They also suggested that this
may be partly attributable to frontal lobe damage associated with
the use of MDMA. Indeed, in a 15-year empirical review of chronic
MDMA users it was concluded that damage to the frontal lobes,
temporal lobes and hippocampus remain long after the recreational
use of ecstasy has stopped and that “the pharmacological damage
may be permanent.”558

(3) Ecstasy use and miscellaneous adverse effects
The risk of adverse reactions to MDMA is now widely recognized,
although the patterns of illness vary and serious events are relatively
uncommon. However, as noted by Gowing and associates,559 it is the
unpredictability of the mortality and substantial morbidity risks that
makes the health consequences of MDMA use significant. In their
literature review, hyperthermia and hyponatremia are the most sig-
nificant acute adverse effects whereas neurotoxicity is potentially
the most important long-term effect.

Other serious adverse effects of MDMA have also been reported
including subarachnoid hemorrhage,560 hepatic toxicity561,562 and
death.562,563 Henry et al.562 reported seven cases of MDMA hepato-
toxicity, of which one died, one required a liver transplant, and two
experienced slow recovery. Among seven other fatalities, the toxicity
pattern included convulsions, disseminated intravascular coagulation,
hyperthermia, rhabdomyolysis and acute renal failure. Others identi-
fied eight ecstasy-related deaths from 1997 to 2000 in England and
Wales.552 Although most of these individuals took ecstasy along with
various other drugs, six of them died after only taking ecstasy.
Ecstasy has also been associated with victims of motor vehicle
accidents.562,564 Weinbroum564 suggested that in this time of widespread
ecstasy abuse, blood concentrations should be measured in motor
vehicle accident patients admitted to emergency services with an
altered state of consciousness.
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Heroin (diacetylmorphine)

Heroin (an old trademark) is an opiate with effects similar to those
of morphine, from which it is synthesized by the addition of two
acetyl groups. Thus, it is a central nervous system analgesic that
reduces a person’s reaction to pain; produces euphoria, lethargy
and sleep; reduces anxiety; and depresses respiration and the cough
reflex. However, heroin produces less nausea but more euphoria
than morphine. Hence, its use has long been abused and is illegal
in the US, although it was recently approved on prescription in
the UK.565 Heroin’s toxic effects are the same as those of mor-
phine. It is metabolized to monoacetylmorphine and morphine.

Over the past decade, epidemiologic population-based studies
reportedly show a marked increase in heroin use. According to
the Office of National Drug Control Policy, the number of Ameri-
can heroin users increased by more than half in less than a
decade, from 600,000 in the early 1990s to 980,000 in 2001.566

Heroin use is also a problem with teenagers. In the 2001 behavior
surveillance of American high school students, 3.1% admitted they
had used heroin during their lifetime.507 Male students were sig-
nificantly more likely than females to report lifetime heroin use
(3.98% versus 2.5%, respectively), a sex difference that applied
to both white and black students. Moreover, white and Hispanic
students (3.3% and 3.1%, respectively) were more likely to report
lifetime heroin use than black students (1.7%). The prevalence of
heroin use varied three-fold across state surveys (1.4% to 4.3%)
and five-fold across local surveys (2.8% to 8.6%).

(1) Heroin overdose
The marked increase in heroin use has led to a dramatic increase in
the incidence of fatal and non-fatal heroin overdose in several coun-
tries. In 1993, there were 3805 heroin-implicated deaths in the US;568

in 1999 there were 4820 reported heroin-related deaths, as well as
16,646 non-fatal heroin overdose cases seen in emergency
departments.568 In 1999, heroin overdose was the leading cause of
death among men aged 25 to 54 years in Multnomah County,
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Oregon.569 Here, heroin-associated deaths more than doubled from
1993 to 1999 (46 to 111). The Florida medical examiner reported
that heroin was present in 141 deaths in the first six months of 2002;
heroin was listed as the cause of death in 121.497

In 1997 to 1998, the mean estimate of dependent heroin users in
Australia was 74,000, a population prevalence of 6.9/1000 persons
aged 15 to 54 years.570 This is the same number as estimated in
Britain (7/1000 persons) and in the European Union (3–8/1000 per-
sons aged 15–54 years). Moreover, opium-associated deaths in
Australia increased from 1.3 to 71.5 per million population aged 14
to 44 years, a 55-fold increase between 1964 and 1997.571 Indeed,
about 2% of people who inject heroin die each year, which is six to
20 times the rate seen in peer controls who do not use drugs.572 There
were also a significant number of opiate-related fatalities in Sheffield,
UK between 1997 and 2000.573 Thus, there were 94 deaths due to
illicit opiate overuse, most of them associated with intravenous in-
jections.

Since heroin overdose is a leading cause of morbidity and mortality
among active heroin injectors, Sporer568 recently suggested the fol-
lowing strategies for preventing heroin overdose: some combination
of increasing treatment with opiate substitutes (i.e. methadone and
naloxone), education of drug users, formation of family support
groups; and supervised injecting facilities.

(2) Heroin, HIV and viral hepatitis
The risk correlates for prevalent HIV, hepatitis B virus (HBV) and
hepatitis C virus (HCV) were recently examined over a five-year
period in 483 non-injecting heroin users.574 Their findings showed that
among never-injectors, the statistically significant correlates were
unprotected sex with men who were involved in sex with other men
(HIV and HBV), unprotected sex with non-injecting heroin users
(HIV), self-reported syphilis infection (HBV), longer periods of
heroin use (HBV and HCV), blood transfusion before 1986 (HIV),
and having been tatooed (HCV). Among former injectors, the sig-
nificant correlates were syringe-sharing (HIV and HBV), frequent
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lifetime injection (HCV), longer duration of sexual activity (HBV),
and having been tatooed (HCV).

Others in Canada compared the sociodemographic, drug and sexual
risk characteristics between HCV baseline positive and negative young
drug injectors and sought to identify the prospective risk factors for
HCV seroconversion among those aged 13 to 24 years.575 Of the 232
drug injectors, 107 (46%) were HCV positive at baseline and an-
other 37 seroconverted during the study period. Base positivity was
associated with Aboriginal ancestry, older age, greater number of
drug-injecting years, recent incarceration, sex trade work, more than
100 lifetime sexual partners, a previous sexually transmitted disease,
and injection more than once per day of heroin, cocaine and speedball.
The major independent factors associated with HIV seroconversion
were having a drug-injecting partner, requiring help to inject, and
cocaine injection more than once daily.

In a longitudinal 10.5-year follow-up study of a cohort of 135 heroin
addicts in Spain, 34 had AIDS (25%); the average annual morbidity
rate was 2.7%.576 Twenty of the addicts were diagnosed with tubercu-
losis and 15 were infected with both AIDS and tuberculosis. A marked
increase in new HIV cases was also recently reported in China, where
women were also increasingly at risk.577 There were 4677 new cases
of HIV in 1999, an increase of 41.5% over 1998. Since 1985, 17,316
Chinese HIV carriers had been identified. Over the previous 15 years,
HIV was largely confined to needle-sharing heroin addicts and their
sexual partners. However, there is a fear of future HIV outbreaks in
the general population because of the significant HIV increase in
truck drivers and prostitutes in areas with thriving sex trades.

(3) Heroin use and other clinical diseases
In 2000, there was an outbreak of serious illness and death among
heroin drug-injectors in England.578 Twenty-six definite or probable
cases were identified, half of whom died. The investigators suggested
that since the outbreak duration was short (a period of five months),
the problem might have been related to a particular supply of heroin.
Clostridium novyi, a spore-forming microorganism, was identified
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in two cases. During this same period (April to August, 2000), a similar
outbreak among heroin-injectors occurred in Scotland.579 Here, 60
cases were identified, of which 23 were definite and 37 probable.
The median age was 30 years and about half were female. Of the
definite cases, there were 20 deaths; of the 37 probable cases, three
died. Clostridum novyi type A was identified in 13 cases.

Gacouin et al.580 reported a case of spongioform leucoencephalopathy
in a young man after he inhaled the vapor from heated heroin. Succes-
sive computed tomography scans and magnetic resonance imaging over
seven months showed “evolution from bilateral extensive involvement
of the cerebral white matter to almost complete resolution.…”

Anabolic-androgenic steroids (AAS)

Since its discovery in 1935, numerous testosterone derivatives have
been synthesized with the goals of prolonging its biological in vivo
activity, producing orally active androgens and developing anabolic-
androgenic steroids (AAS) that are more anabolic and less andro-
genic than testosterone. Medically, these AAS are primarily used to
treat androgen deficiency syndrome and, more recently, catabolic
states such as AIDS-associated wasting, obstructive pulmonary
disease, severe burn injuries and alcoholic hepatitis, as well as bone
marrow failure syndromes, constitutional growth retardation in
children and hereditary angioedema.581 However, with respect to the
possible beneficial effects of AAS in alcoholic liver disease, a
systematic literature review “could not demonstrate any significant
beneficial effects of AAS on any clinically important outcomes of
patients with alcoholic liver disease.”582

The use of AAS to enhance physical appearance, as well as physical
and psychological capacities, has increased dramatically over the past
several decades in age groups from adolescence to adulthood.

(1) Adolescent use of anabolic-androgenic steroids
There has been a significant increase in the number of adolescent
males in the US who have used AAS in order to improve their
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personal appearance and athletic performance over the past decade.
Many of them also used AAS in combination with alcohol and
psychotropic drugs. In the US, 5% of high school students reported
they had used illegal steroids (i.e. without a physician’s prescription)
during their lifetime.506 Male students were significantly more likely
to report lifetime steroid use than females (6.0% versus 3.9%). In
addition, white students were significantly more likely than black
students to have used steroids during their lifetime (5.3% versus 3.2%).
The prevalence of lifetime illegal steroid use varied significantly
across both state (2.5% to 6.9%) and local surveys (2.3% to 5.7%).

Wichstrom and Pedersen583 investigated the prevalence of AAS use
among 8508 Norwegian adolescents and evaluated three perspectives
on AAS use: performance enhancement in sports competition, body
image and eating concerns, and AAS-use as belonging to a cluster of
problem behaviors. Their data led them to conclude that adolescent
AAS use is primarily another type of problem behavior (i.e. mari-
juana use and aggressive conduct); it is only secondarily associated
with disordered eating and participation in power sports. In order to
evaluate the risk profile of AAS use in adolescents, Swedish research-
ers analyzed the importance of social, personality and health factors
in 2700 senior high school students in Uppsala, Sweden.584 Their find-
ings showed that immigrant status, low to average self-esteem, low
to average perceived school achievement, and use of prescription
tranquilizers/sedatives were significantly associated with AAS use
after controlling for various confounders (e.g. strength training,
truancy and alcohol consumption). The authors concluded that, in
addition to strength training and multiple drug use, AAS user
characteristics “include social, personality and health aspects.”

(2) Anabolic-androgenic steroids: athletic performance and
body building
Megadoses of illicit AAS are commonly used for body building and
enhancement of athletic performance. Indeed, studies with labora-
tory animals show that AAS increases exercise tolerance. For
example, Tamaki et al.585 demonstrated that AAS (nandrolone
decanoate) not only enhanced the rate of protein synthesis during
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recovery after weight lifting, but increased the work capacity and
fatigue resistance in rats. Others586 reported that, compared with con-
trols, AAS-treated animals exhibited increased dominant behavior in
a competition test. The authors suggested that, in agreement with
earlier studies, AAS abuse may constitute a risk factor for disinhibitory
behavior, partly by decreasing brain serotonin levels.

To assess the physiological and psychological states accompanying
steroid use, Bahrke et al.587 studied male weight lifters regarding their
physical training and perceived behavioral and somatic changes. Both
current and previous AAS users reported the following changes:
(1) increases in enthusiasm, aggression and irritability; (2) changes
in muscle size, muscle density and strength; (3) faster recovery from
workouts and injuries; and (4) changes in libido. Indeed, experienced
weight lifters with an adequate diet and who continue training during
AAS use reportedly increase their lean mass and strength compared
with that from training alone.588

(3) Anabolic steroids and behavioral traits
Large doses of AAS have been associated with a variety of behav-
ioral characteristics, including increased aggression and violence. For
example, a recent report indicated that men who began AAS with
intentions of gaining muscle mass and strength frequently became
involved in various criminal activities, including violent offenses.589

However, the question as to whether AAS use causes aggression or
whether aggressive individuals are more attracted to AAS has been
raised.590 This study reported that 60% of participants who were AAS
users indicated that AAS increased their aggressiveness. However,
the authors noted that the increased aggression “appeared more
related to irritability and bad temper than acts of physical violence.”

(4) Anabolic-androgenic steroids and drug dependence
Recent studies suggest that AAS may cause mood disorders and
dependence syndromes. Moreover, they may introduce some people
to opioid abuse. Although a recent literature review found no
evidence that AAS abuse or dependence develops from their thera-
peutic uses, there were 165 reported instances of AAS dependence
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among weight lifters and body builders.591 For example, 49 weight
lifters, all users of AAS, were evaluated to investigate the addictive
patterns of use.592 Here, at least one dependence symptom was
reported by 94% of the group; three or more dependence symp-
toms were reported in 57%. The dependent users were distinguished
from non-dependent users by their use of larger doses, more cycles
of use, more dissatisfaction with body size and more aggression.
Not only did many of these individuals take large AAS doses, but
often other drugs of abuse.

To assess the apparent association between chronic AAS use and other
drugs of abuse, Kanayama and associates593 evaluated 223 male sub-
stance abusers who were being treated for alcohol, cocaine and opioid
dependence. Of these, 29 (13%) reported prior steroid use but only
four were documented on physicians’ admission evaluations. Among
88 men listing opioids as their drug of choice, 22 (25%) admitted to
prior steroid use versus only seven (5%) of the other 135 men. Of the
24 men who were interviewed in detail, 18 (75%) reported that AAS
were the first drugs that they had ever self-administered by injection.
The authors concluded that among individuals with opioid
dependence, prior steroid use appears to be a common but under-
recognized occurrence.

(5) Anabolic-androgenic steroids and medical diseases
As noted earlier in this chapter, there is a significant risk of hepati-
tis B, hepatitis C and HIV among individuals who inject drugs of
abuse. To examine the exposure to these infectious diseases in
injectors of illicit anabolic steroids, Aitken et al.594 examined blood
samples from 63 Australian steroid injectors. Their findings showed
the following: 9.5% were positive for hepatitis C antibody; 12%
were positive for hepatitis B core antibody; but none were positive
for anti-HIV. Hepatitis C was associated with heroin injection,
imprisonment, sharing needles, number of tattoos and hepatitis B
exposure. Hepatitis B exposure was associated with hepatitis C
exposure, past imprisonment and age of first injection. The authors
concluded that “steroid injectors should not be neglected in blood-
borne virus prevention efforts.”
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Although rhabdomyolysis has many causes, it may also occur after
vigorous weight lifting in persons taking AAS.595

(6) Summary: anabolic-androgenic steroid use
The myotrophic actions of AAS are their cerebral stimulatory
effects which have led to their widespread use by athletes and “rec-
reational” drug users, especially teenagers and young adults.
Although all AAS are classified as class III controlled substances,
they have some medical benefits including androgen deficiency
syndromes, catabolic states (e.g. AIDS-associated wasting), obstruc-
tive pulmonary disease, severe burn injuries and bone marrow fail-
ure syndromes among others. Nevertheless, illicit use of megadoses
of AAS for the purpose of body building and enhancement of
athletic performance can lead to a wide variety of serious and irre-
versible disorders. In addition to the various disorders noted above,
the “administration of these agents should be avoided in pregnant
women, women with breast cancer or hypercalcemia, men with car-
cinoma of the prostate or breast, and patients with the nephrotic
syndrome or significant liver dysfunction.”581

Environment and Occupation

Toxic environmental agents include a host of chemicals and pollutants
in the atmosphere, the workplace, the food and water supply, solar radia-
tion and various infectious microorganisms. These environmental and
occupational toxic substances can lead to a wide range of human ill-
nesses and are important causes of disability and death. They include,
among many others, skin cancer from excess sun exposure, leukemia in
persons exposed to benzene, asthma and chronic bronchitis in persons
exposed to organic dusts, pulmonary fibrosis, lung cancer and mesothe-
lioma in persons exposed to asbestos, kidney failure and hypertension in
persons chronically exposed to lead, impairment of reproductive func-
tion in persons exposed to certain solvents and pesticides, and chronic
musculoskeletal disorders in workers who perform repetitive motions.

Although occupational exposures are significant contributors to the
morbidity and mortality of several diseases, they continue to be greatly
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under-recognized. Rough estimates of the number of new cases of
occupational disease in the US in the early 1990s ranged from 125,000
to 350,000 per year as well as 5.3 million work-related injuries.596

The annual economic cost was estimated at over US$60 billion. In a
later more extensive analysis, Leigh et al.597 reported that in 1992
there were approximately 6500 job-related injury deaths, 13.2 mil-
lion non-fatal injuries, 60,300 deaths from disease and 862,200 ill-
nesses in the US. The total direct costs (US$65 billion) plus indirect
costs (US$106 billion) were estimated to be US$171 billion. More-
over, the authors noted that “these estimates are likely to be low,
because they ignore costs associated with pain and suffering, as well
as those of within-home care provided by family members, and
because the numbers of occupational injuries and illnesses are likely
to be undercounted.”

Job-related diseases and injuries include a wide variety of medical
disorders including increased risk of myocardial infarction, cancer,
carpel tunnel syndrome, osteoarthritis and various pulmonary dis-
eases among others. Moreover, some job-related injuries may result
in death. Several specific examples will be presented.

Leigh and associates598 estimated that in 1992 there were 841 agri-
cultural job-related deaths and 512,539 non-fatal injuries in the US;
the total financial cost was estimated at US$4.59 billion (direct costs,
US$1.66 billion; indirect costs, US$2.93 billion). On a per person
basis, farming costs contribute about 30% more than the national
average. This research group599 also estimated the 1992 occupational
costs for injuries and illnesses in California. Their results showed the
following: 660 job-related injury deaths, 1645 million non-fatal
injuries, 7079 deaths from diseases, and 0.133 million illnesses. The
total cost was estimated to be US$20.7 billion (direct costs, US$7.04
billion; indirect costs, US$13.62 billion). Injuries cost US$17.8 bil-
lion and illnesses, US$2.9 billion. The authors noted that “these costs
are similar with those of all cancers combined and only slightly less
than the cost of heart disease and stroke in California.” Osteoarthri-
tis, a good example of a single job-related disease, accounted for
about 9% (US$8.3 billion in 1994 dollars) of the total costs for all
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osteoarthritis in the US (about 51% medical costs; 49% lost
productivity).600

Occupational diseases reportedly account for about 85% of the deaths
due to circulatory disorders.601 Fatal acute myocardial infarction
occurred more frequently on Monday than any other day; the highest
frequency occurred in those with low-paying occupations. Carpal
tunnel syndrome and hearing loss accounted for the most morbidity
(number of cases and days lost). Mental disorders, especially related to
stress, generated more morbidity than is generally recognized. These
stress-related problems were highest in the transportation and public
utility industries, finance, insurance and real estate. Manufacturing con-
tributed significantly more cases than any other industry. The highest
costs of job-related injuries and diseases occur among heavy duty truck
drivers, non-construction and construction laborers, machine opera-
tors, janitors, carpenters and assemblers.602

Several respiratory diseases have also been associated with various
occupations. These include tracheobronchitis, asthma, chronic
obstructive pulmonary disease, interstitial lung disease, pulmonary
fibrosis and lung cancer, as well as others.603 For example, occupa-
tional asthma has been associated with more than 250 workplace
substances including acid anhydrides (adhesives and paints),
acrylates (paints and adhesives), isocyanates (polyurethane paint and
roofing foam), dusts (wood, flour and grains) and animal proteins
(laboratory animals and farming), among others.603 Other respira-
tory disorders are associated with coal dust, crystalline silica, cotton
dust, toluene diisocyanate and several metals (e.g. copper, arsenic
and cadmium). Several examples will be presented.

Fixed obstructive lung disease was recently reported in workers at
a microwave popcorn factory.604 Results from early animal studies
suggest severe airway damage occurs after inhalation exposure to
high air concentrations of butter flavoring. Others605 studied 973
non-smoking women aged 20 to 40 years who were employed in
three similar modern Chinese cotton textile mills. All of the women
had some exposure to cotton dust; the average employment time
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was 8.7 years. After adjustment for certain confounders (e.g. home
exposure to tobacco smoke and coal heating), the odds ratios for
prevalence of frequent current symptoms were as follows: frequent
cough, 2.23; frequent phlegm, 3.24; shortness of breath, 4.54; and
wheeze, 2.96.

Although cigarette smoking is the major cause of chronic obstruc-
tive pulmonary disease (COPD), many occupational dusts can cause,
or at least contribute to, chronic airflow limitation or emphysema.
These agents include coal dust, crystalline silica, cotton dust, cad-
mium and toluene diisocyanate.603 Moreover, when COPD is caused
by coal and silica dust, the disease may progress for decades even
after exposure has ceased.606

Twelve or more substances found in the workplace are classified as
human lung carcinogens.607 Indeed, it has been estimated that 5% of
lung cancers in the US are due to occupational exposure.608 Most of
these cancers are attributed to asbestos, radon, silica, chromium, cad-
mium, nickel, arsenic and beryllium.609

Environmental and Occupational Risk Factors

Although most occupational diseases are preventable, few physicians
are trained to recognize or prevent these work-related illnesses.610

Other factors include physician difficulty in dealing with the Work-
ers’ Compensation system, the reluctance of some patients to con-
nect health problems with their workplace, and the present managed
care environment which significantly reduces the time available for
a complete occupational history and counseling.611 The major envi-
ronmental and occupational risk factors responsible for morbidity
and mortality are listed in Table 5.9.

Solar radiation

The skin is commonly exposed to solar radiation, which causes a
variety of negative effects including inflammation, pigmentation,
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immunomodulation, photoaging and cancer.612 Sunburn, the most
common problem associated with solar radiation, has been well
studied and various reactive oxygen species (ROS) generated from
several sources have been identified. Ultraviolet light homolytically
dissociates water to produce the potent hydroxyl radical (HO.).613 In
addition, ROS have been shown to be produced by endogenous
photosensitizers, released from inflammatory cells, prostaglandin
endoperoxides, and the formation of peroxynitrite from nitric oxide
and superoxide.

Solar radiation and skin cancer

Skin cancer is the most common form of cancer in the US.614

Increased sun exposure due to ozone depletion and more time spent
outdoors have been implicated as important factors to explain the
increase in skin cancer rates.615 Indeed, the incidence of squamous
cell carcinoma in New Hampshire increased by 235% in men and
350% in women from 1979–1980 to 1993–1994; basal cell carci-
noma increased by more than 80% in both men and women.616

Excess exposure to solar radiation greatly increases the risk of these
two common forms of skin cancer, both of which are generally
curable. Melanoma, however, the third most common type of skin
cancer and one of the most common cancers in young adults, is sig-
nificantly more malignant. In 2001, an estimated 1.3 million new
cases of basal cell or squamous cell carcinoma were diagnosed with
approximately 2000 deaths from both cancers combined. By con-
trast, about 53,600 new cases of melanoma were diagnosed; there

Table 5.9: Environmental and Occupational Risk Factors

Air Pollution Solar Radiation Dusts
Ozone Trace Elements Animal protein
Industrial particulates Arsenic Silica
Automobile emissions Aluminum Coal
Asbestos Cadmium Cotton
Organic chemicals Lead Pesticides
Toluene diisocyanate Mercury
Acrylamide
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were an estimated 7400 deaths.617 Moreover, the annual incidence
rate for melanoma more than doubled from 1973 to 1998 (5.3 cases/
100,000 persons to 14.1 cases/100,000 persons).618

In addition to increased sun exposure, the use of artificial tanning
devices, such as sunlamps and tanning beds that emit ultraviolet (UV)
radiation, has become significantly more common in the US. Impor-
tantly, a recent study showed that any use of tanning devices was
associated with odds ratios of 2.5 for squamous cell carcinoma and
1.5 for basal cell carcinoma.619 This is not surprising since the type
and amount of UV radiation emitted from some tanning devices is
similar to that of noontime summer sun, and in some cases the amount
is even higher than the sun would emit.620 Artificial UV radiation has
also been linked to ocular melanoma.621

Most skin cancers can be readily prevented if individuals will adhere
to the following recommended guidelines:618

(1) minimize sun exposure during the peak hours (10am to 4pm);
(2) seek shade when possible from midday sun (10am to 4pm);
(3) wear hats, clothing and sunglasses that protect the skin;
(4) use broad-spectrum sunscreen (UV-A and UV-B protection) with

a sun-protection factor � 15; and
(5) avoid sunlamps and tanning beds.

Solar radiation and cataract

In 1637, Gallileo became blind after he repeatedly observed the sun’s
course without eye protection. Centuries later, in 1912, an estimated
3500 Germans suffered visual impairment after watching a solar
eclipse without eye protection. Worldwide, cataract is the leading
cause of visual loss.622 In 1991, cataract surgery accounted for 12%
of the US Medicare budget, or US$3.4 billion annually.623 Moreover,
cataract surgery rates have increased significantly since then. As the
world population ages, loss of vision and cataract surgery will
become an even greater problem unless appropriate preventive steps
are taken.
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Early epidemiologic studies reported an association between sun
exposure and cataract. For example, studies of the Australian aborigi-
nes showed a dose-response relation between the prevalence of
cataract and levels of ultraviolet-B radiation (UV-B; wavelength, 290
to 320 nm).624,625 Since some of these early reports reportedly suf-
fered “from a lack of precision both in the definition of cataract and
in the quantification of exposure to UV-B radiation,” Taylor et al.626

studied 838 watermen (mean age, 53 years) who worked on the Chesa-
peake Bay. After calculation of the annual ocular exposure from age
16, the risk of cortical cataract increased by 3.30 in those whose
exposure was in the highest quartile compared with those in the low-
est quartile. More recently, West et al.627 reported that even though
older people have a relatively low exposure to UV-B in sunlight, there
is still an increased risk of cortical cataract. Two recent literature
reviews are in agreement that long-term ocular exposure to UV-B
radiation in the general populations of developed countries confers a
significant risk of cortical cataract.628,629 The authors of this latter
review of 22 epidemiologic studies reported that most of them “sup-
port an association between UV-B and the development of cortical
cataract and perhaps posterior subcapsular cataract.”

Solar radiation comprises light in the infrared (IR), visible and ultra-
violet-A (UV-A) ranges, as well as UV-B. Although less damaging
than UV-B, UV-A (wavelength, 320–400 nm) may also damage the
lens after long-term exposure. A recent study of chronic low level
UV-A exposure to guinea pigs was potentially harmful to the lens
since it resulted in a significant increase in oxidized products in the
nuclear region.630 This and other studies suggest that UV-A radiation
may also increase the risk of cataract in humans.631 Certainly, the
current data indicate that more research is needed to evaluate the
possible role of UV-A light in cataract formation.

What is the mechanism whereby UV radiation leads to cortical cata-
ract? Numerous in vitro, animal and human studies indicate that oxi-
dative damage is important in cataract formation.632 Several examples
will be given. Since polyphenolic compounds (flavonoids) present in
green tea are well established antioxidants, Gupta and associates633
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evaluated the anti-cataract potential of green tea leaf extract in the
development of lens opacification. Enucleated rat lenses were ran-
domly divided into normal, control and treated groups. Oxidative
stress was induced by sodium selenite in the culture media of the
control and treated groups. The medium of the treated group was
supplied with tea extract. They also induced in vivo cataract in nine-
day-old rat pups of both control and treated groups by subcutaneous
injection of sodium selenite. The treated pups were injected intra-
peritoneally with tea extract. The results showed that tea extract sig-
nificantly reduced oxidative stress (i.e. measured malondialdehyde
and glutathione levels) in the cultured lenses, as well as the inci-
dence of in vivo cataract in the rat pups. Similarly, in a lens organ
culture cataract model, quercetin, a potent polyphenolic antioxidant,
effectively inhibited hydrogen peroxide-induced lens opacity.634

Finally, Li et al.635 examined the influence of exogenously adminis-
tered melatonin, an efficient antioxidant normally produced by the
pineal gland, in cataract formation and lipid peroxidation in
newborn rats treated with buthionine sulfoximine (BSO). BSO
depleted the rats of glutathione, a natural antioxidant required in the
inactivation of hydrogen peroxide by glutathione peroxidase. In this
study, 81% of the rats treated with BSO developed cataracts. How-
ever, only 7% of the rats treated with BSO plus melatonin developed
cataracts.

In a random clinical trial, Seddon et al.636 studied 17,774 participants
(Physicians’ Health Study), aged 40 to 84 years, over a five-year
period. Compared with physicians who did not use any vitamin supple-
ments, those who took only multivitamins had a relative cataract risk
of 0.72. Similarly, others637 reported that deficiencies of both vita-
min C and carotenoids, and possibly vitamin E, are risk factors for
senile cataract. Garland638 also emphasized that vitamin C is protec-
tive against oxidative lens damage, particularly photo-induced
damage resulting in cortical and posterior subcapsular cataracts. More-
over, smoking, which greatly reduces vitamin C blood levels, is a
significant risk factor in cataract formation.639 After an extensive
review of laboratory and clinical studies, Spector640 concluded that
“the data suggest that the epithelial cell layer is the initial site of
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attack by oxidative stress and that involvement of the lens fibers
follows, leading to cortical cataract.”

Solar radiation and macular degeneration

Age-related macular degeneration (AMD) is the most common cause
of blindness in the elderly. The Beaver Dam Eye Study reported a
prevalence of 36.8% in patients 75 years and older.641 The major risk
factors, in addition to age, are genetics, smoking, poor nutrition and
degenerative factors. In addition, oxidative stress from solar radia-
tion is also a major risk factor. The macula is highly susceptible to
oxidative stress because the photoreceptor cells are metabolically very
active since they are rich in mitochondria which results in an increased
formation of superoxide radicals. Moreover, the cell membranes have
the highest concentration of polyunsaturated fatty acids of any known
tissue, making them highly susceptible to lipid peroxidation.642 Other
indirect evidence supporting a role of oxidative stress is that the con-
centration of lipofuscin (“age pigment”), a polymerization product
of lipid peroxidation, is very high in AMD.643

In an early study, the National Health and Nutrition Examination
Survey reported that individuals with a high intake of fruits and veg-
etables rich in vitamin A had a 50% reduced risk of AMD.644 A later
cross-sectional analysis of blood-based information from 600 par-
ticipants in the Baltimore Longetudinal Study of Aging showed that
those with high serum levels of vitamin E had about a 60% reduced
risk of ADM, although they found no significant protective effect
from vitamin C or beta-carotene.645 Conversely, Seddon and associates646

reported that individuals in the highest quintile of carotenoid
intake had a 43% lower risk for AMD compared with those in the
lowest quintile of carotenoid intake. Lutein and zeaxanthin, which
are rich in dark green leafy vegetables (e.g. spinach and collard
greens), were particularly effective in reducing the risk of AMD. These
authors concluded that “increasing the consumption of foods rich in
certain carotenoids, in particular dark, green leafy vegetables, may
decrease the risk of developing advanced or exudative age-related
macular degeneration, the most visually disabling form of macular
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degeneration among older people.” Similarly, data from the Eye
Disease Case-Control Study647 support a protective role for various
carotenoids including lutein, zeaxanthin, alpha-carotene, beta-
carotene and cryptoxanthin.

Numerous other epidemiologic, case-control and animal studies sup-
port a role for oxidative stress in AMD, although it should be noted
that not all studies have reported a positive association between anti-
oxidants and AMD.632

Air pollution

In 1952, stagnant weather conditions caused a rapid increase in the
concentration of air pollutants in London, UK. Over several days,
more than three times as many people died than expected resulting
in an estimated excess death toll of over 4000. Concentrations of
smoke and sulfur dioxide reached several thousands of micrograms
per cubic meter.648 Similar events due to extreme air pollution occurred
in the Meuse Valley, Belgium and Donora, Pennsylvania.649,650

Interestingly, a recent re-analysis of the 1952 London data that in-
cluded the long term events, the number of additional deaths was
about 12,000.651 Although effective steps were taken to eliminate
most of the air pollution in industrialized nations since the 1950s,
air pollution due to other factors has re-emerged over the past ten
to 15 years and is again an important environmental health prob-
lem. Indeed, exposure to pollutants such as airborne particulate
matter and ozone have been associated with increased morbidity
and mortality, particularly due to respiratory and cardiovascular
diseases. These pollutants may also be a risk factor for decreased
life expectancy.

Ozone, greenhouse gases, and particulates

Ultraviolet radiation from the sun is absorbed in the stratosphere
(ten–30 miles above the earth) by molecular oxygen (O

2
) which is

dissociated into ground-state oxygen atoms which, in the presence of
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air, reacts with molecular oxygen to form ozone (O
3
).652 Ozone in the

stratosphere protects against harmful ultraviolet radiation. Unfortu-
nately, man-made chemicals are responsible for depleting this ozone
layer such that more ultraviolet rays now reach the earth’s surface which
increases the prevalence of skin cancer and cataract, and depletes farm
crops. Below the stratosphere is the troposphere, which extends from
the earth’s surface to an altitude of 10 Km to 18 Km. Here, in associa-
tion with the sun’s ultraviolet rays, an excess of ozone is formed by
oxygen reacting with air pollutants such as automobile exhausts, or-
ganic solvents and industrial emissions that contribute to photochemi-
cal air pollution (smog). Ozone, a potent oxidant, is capable of react-
ing with a variety of biomolecules, especially those containing thiol
(i.e. -SH) or amine (-NH

2
) groups (e.g. proteins and amino acids) and

unsaturated carbon-carbon bonds (e.g. polyunsaturated fatty acids and
phospholipids).

In addition to ozone, atmospheric concentrations of greenhouse
gases, including carbon dioxide, methane and nitrous oxide are also
of considerable importance. The continued increases in these gases
is largely attributed to human activities (e.g. fossil-fuel combus-
tion, and change in land use and agricultural practices). Unless sig-
nificant efforts are made to reduce production, their concentrations
will continue to increase.

Particulate air pollution is a mixture of solid particles and liquid
droplets that vary in size, composition and origin. Since only very
small particles can be inhaled deep into the lungs, the national US
health standards for ambient air quality are based on the mass
concentration of “inhalable particles,” which refers to particles with
an aerodynamic diameter of �10 um (particulate matter; PM

10
).

Fine-particulate air pollution includes particles with an aerodynamic
diameter �2.5 um (PM

2.5
). These fine particulates generally con-

tain a mixture of particles including acid condensates, sulfate,
nitrate particles and soot. These fine particles are generally believed
to pose a significant risk to health since they are more likely to be
toxic than the larger particles and can be breathed more deeply into
the lungs.653



Substance Abuse, Herbal Medicines and Environmental Factors 675

Air pollution, morbidity and mortality

Air pollution in cities has been linked to increased rates of morbidity
and mortality in developed and developing countries. Indeed, deaths
from air pollution have been ranked as one of the top ten causes of
disability by the World Health Organization (WHO). In 1995, WHO
estimated that 460,000 avoidable deaths occur annually as a result of
suspended particulate matter, mainly from outdoor urban exposures.654

Two years later, WHO and the World Resources Institute and others
estimated that almost 700,000 air pollution-related deaths occur
annually and about eight million avoidable deaths will occur world-
wide by the year 2020.655

A series of early studies indicated that low concentrations of ozone
and particulate matter result in day to day variations in mortality,
respiratory and cardiovascular hospital admissions, exacerbations of
asthmatic symptoms, and decreased lung function in school
children.656 Nevertheless, some have questioned the validity of the
tightening of air quality standards with respect to public health. To
address this, Samet et al.657 assessed the effects of five major air pol-
lutants (i.e. PM

10
particulates, ozone, carbon monoxide, sulfur diox-

ide and nitrogen dioxide) on mortality rates in 20 of the largest areas
in the US from 1987 to 1994. Their results showed consistent evi-
dence that the level of PM

10
was associated with the rate of death

from all causes and from cardiovascular and respiratory diseases.
There was weaker, albeit still significant, evidence that increased
ozone levels also increased the relative death rates in the summer,
but not during the winter. Levels of the other pollutants were not
significantly related to mortality.

The results of these cross-sectional studies have been supported by
more recent large prospective cohort studies. Thus, Dockery et al.658

analyzed mortality data from 8111 adults over a 14- to 16-year
period in six American cities. After adjusting for age, sex, smoking,
BMI, education level, occupational exposure and other possible risk
factors, the adjusted mortality-rate ratio for the most polluted cities
compared with the least polluted was 1.26. Air pollution was
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positively associated with death from lung cancer and cardiopulmo-
nary disease, but not with death from other diseases. Similarly, Pope
and associates659 used air pollution data collected from 151 Ameri-
can metropolitan areas to evaluate the effects of air pollution on
mortality during eight years of follow-up of 552,138 adults. Using
multivariate analysis controlled for smoking, education level and other
possible risk factors, the association between air pollution and all-
cause lung cancer and cardiopulmonary mortality was examined. The
adjusted relative risk ratios for all-cause mortality for the most
polluted areas compared with the least polluted was 1.15 and 1.17
when using sulfate and fine particulates, respectively. Moreover, par-
ticulate air pollution was associated with cardiopulmonary and lung
cancer mortality but not with mortality due to other causes. In their
follow-up study of this large population,660 which doubled the fol-
low-up time to more than 16 years and tripled the number of deaths,
expanded the exposure data including gaseous co-pollutant data and
new PM

2.5
data, improved control of occupational exposure,

incorporated dietary variables and used recent advances in statistical
modeling, they concluded that “long-term exposure to combustion-
related air pollution is an important environmental risk factor for
cardiopulmonary and lung cancer mortality.” Similarly, Hoek and
coworkers661 studied the association between mortality and traffic-
related pollution in 5000 people aged 55 to 69 years over an eight-
year period in the Netherlands. The relative risk for cardiopulmonary
mortality associated with living near a major road was 1.95; the
relative risk for total deaths was 1.41. Non-cardiopulmonary and non-
lung cancer deaths were not related to air pollution.

The impact of total outdoor and traffic-related air pollution on public
health in Austria, France and Switzerland was also recently
evaluated.662 Cases attributed to air pollution were estimated for mor-
tality, cardiopulmonary hospital admissions, incidence of chronic
bronchitis (adults), bronchitis in children, restricted activity days and
asthma attacks. The findings indicated that 6% of total mortality (over
40,000 cases/year) was caused by air pollution, about half of which
were attributed to motorized traffic. Moreover, there were more than
25,000 new cases of chronic bronchitis (adults), 290,000 episodes of
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bronchitis in children, 0.5 million asthma attacks and 16 million
person-days of restricted activities.

The importance of reducing air pollution was further emphasized by
a recent study from Ireland.663 Here, concentrations of air pollution
and “directly-standardized non-trauma, respiratory and cardiovascu-
lar death rates were compared for 72 months before and after the ban
of coal sales in Dublin.” This ban resulted in a 70% reduction in
particulate air pollution as measured in black smoke. The adjusted
death rates for respiratory and cardiovascular deaths decreased by
15.5% and 10.3%, respectively.

Diseases associated with air pollution

As noted in the mortality studies previously discussed, several dis-
eases including lung cancer, acute and chronic bronchitis, asthmatic
episodes and cardiovascular disease have been associated with air
pollution, particularly due to fine particulates.

(1) Lung cancer
Numerous epidemiologic studies from various countries have shown
that increased urban and industrial pollutants significantly increase
the risk of lung cancer, even after adjustment for smoking and other
variables. Indeed, recent population-based cohort studies have shown
an increased lung cancer risk of 30% to 50% in areas with high
ambient air pollution levels compared with areas with lower
levels.658–660,664 Nyberg et al.665 conducted a large population-based
case-control study of men aged 40 to 75 years which included all
cases of lung cancer from 1985 to 1990 in Stockholm. Their results
also showed that urban air pollution increases the risk of lung cancer
and that “vehicle emissions may be particularly important.”

(2) Coronary heart disease
Fine particulate air pollution �2.5 um in diameter (PM

2.5
) and ozone

are associated with increased cardiovascular disease.656,666 Individu-
als with cardiopulmonary disease are particularly at risk for acute
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cardiac events since even transient PM
2.5

exposure has been shown to
trigger myocardial infarction in susceptible people.667 In a study of
non-fatal myocardial infarction among Swedish men and women aged
45 to 70 years, the authors evaluated their exposure to motor
exhaust, other combustion products and organic solvents.668 After
adjusting for smoking, alcohol intake, hypertension, diabetes, overweight
and leisure-time physical activity, the relative risk of myocardial in-
farction was 2.11 among those who were “highly exposed” and 1.42
among those who were “intermediately exposed” to combustion prod-
ucts from organic material.

Since diabetes is associated with an increased risk for coronary heart
disease, Zanobetti and Schwartz669 evaluated the susceptibility of dia-
betics to cardiovascular damage by airborne particles. Their results
showed that diabetics had twice the risk of a PM

10
-associated cardio-

vascular hospital admission compared with non-diabetics. Moreover,
persons 75 years and older also had an increased cardiovascular risk.

What is the mechanism whereby air pollution increases the risk for
cardiovascular events? To help answer this important question, Brook
and associates670 investigated the effect of air pollution on vascular
function in 25 healthy adults. In this randomized, double-blind study,
the vascular response in the brachial artery to the inhalation of ambi-
ent fine particles plus ozone was compared with the response to
inhalation of filtered air. The findings showed that short-term inha-
lation of fine particulates and ozone at concentrations similar to that
in an urban environment causes acute artery vasoconstriction.

(3) Asthma and other allergic disorders
The prevalence of allergic diseases has continued to rise in indus-
trialized countries over the past 200 years. The prevalence of hay
fever in adolescents was recently estimated to be 38.6% in the UK
and 33.6% in the US.671 Yet, hay fever, a readily recognized allergic
disorder, was reportedly unknown in Europe and North America
200 years ago.672 These diseases account for a significant number
of hospital visits, lost productivity and increased medical costs, as
well as deaths.
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Asthma, a common chronic illness affecting both adults and
children in the US, increased in prevalence from 1980 to 1995.673

However, a follow-up report indicated that the proportions of chil-
dren and adults with asthma who reported activity limitations has
stabilized, although the rate of emergency department visits has
increased. Although the rates of hospitalization and death have
decreased overall, black Americans continue to have higher rates
of emergency department visits, hospitalizations and deaths from
asthma than do whites.674 Thus, the annual number of deaths attrib-
uted to asthma were 2891, 3880, 4819, 5637, and 5667 in 1980,
1985, 1990, 1995 and 1996, respectively.

Although the cause or causes of the increased number of allergic
disorders remain somewhat controversial, numerous experimental,
laboratory and epidemiologic studies have linked high levels of air
pollutants to various respiratory health problems, especially asthma.
Because asthma is a major health problem, the Healthy People 2010
established the following eight objectives:675 (1) reduce the asthma-
associated death rate; (2) reduce hospitalizations; (3) reduce emer-
gency department visits; (4) reduce activity limitations; (5) reduce
the number of missed school and work days; (6) increase formal
asthma education; (7) increase the proportion of people who receive
appropriate care; and (8) establish a surveillance system for tracking
asthma deaths, illnesses, disabilities, impact of occupational and
environmental factors on asthma, access to medical care, and asthma
management in at least 25 states.

Asthma is a leading cause of morbidity among children in the US
with an estimated prevalence of 6.9% in those aged 18 years and
younger.676 This and other respiratory disorders are well known to be
aggravated by various inhaled agents. For example, environmental
tobacco smoke has been shown to be an important risk factor for
asthma.677,678 Moreover, occupational studies indicate that some work-
place air pollutants, such as toluene diisocyanate, can cause
asthma.679,680 Although epidemiologic studies involving industrial and
automobile exhaust pollutants have been somewhat inconsistent, most
studies have shown a direct correlation.
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Pope681 assessed the association between hospital admissions and fine
particulate pollution (PM

10
) during a time period in which the clo-

sure and reopening of a local steel mill occurred. During the winter
months when the steel mill was open, PM

10
levels were nearly double

the levels during the winter months when the mill was closed. More-
over, children’s hospital admissions were two to three times higher
during the time the mill was open compared to when it was closed.
PM

10
 levels more strongly correlated with admissions for bronchitis

and asthma than with admissions for pneumonia and pleurisy. Kim
et al.682 also reported that the prevalence of asthma among children
living around a heavily industrialized area was significantly higher
than those who lived in a less polluted area despite similar atopic
sensitization.

During the 1996 Summer Olympic Games in Atlanta, the number
of acute asthmatic events decreased 41.6% in Medicaid claims,
44.1% in a health maintenance organization, 11.1% in two pediat-
ric emergency departments, and 19.1% in the Georgia Hospital
Discharge Database.683 The explanation for this remarkable
reduction in asthmatic events was because of efforts to decrease air
pollution by significantly reducing downtown traffic congestion.
Others684 also recently reported a direct association between auto-
mobile traffic air pollution and several respiratory disorders,
including asthma in children.

Air pollution has also been associated with respiratory symptoms in
adults. Zemp and associates685 investigated the association between
long-term exposure to ambient air pollution and respiratory symptoms
in a cross-sectional study in random population samples of adults (aged
18 to 60 years) at eight study sites in Switzerland. After controlling for
age, BMI, sex, parental asthma, parental atopy, education level and
foreign citizenship, they found positive associations between respira-
tory symptoms and annual mean concentrations of NO

2
, total suspended

particulates and particulates less than PM
10

. Among never smokers,
the odds ratio for a 10 ug/m3 increase in PM

10
 concentration was 1.35

for chronic phlegm production, 1.27 for chronic cough or phlegm
production, 1.48 for daytime breathlessness and 1.32 for dyspnea on
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exertion. Interestingly, others686 observed a positive association with a
sensitization to pollen that was most pronounced among adults with a
duration of residence exposed to road traffic for at least ten years.
After adjusting for possible confounders, the odds ratios for traffic
exposure compared with the lowest quartile (referent category) were
1.99, 2.47 and 2.83. The data suggested to the authors that living on
busy roads is associated with a significantly higher risk for pollen
sensitization and “could possibly be interpreted as an indication for
interactions between pollens and air pollutants.”

Pesticides, trace elements, asbestos and
other chemical toxicants

Millions of persons worldwide are continually exposed, occupation-
ally and environmentally, to a wide variety of toxic substances such
as metals, pesticides, organic solvents and other chemical toxicants.

Pesticides

There were about 400 synthetic chemical pesticides registered for
use on food crops in North America in 1997.687 Indeed, 80% to 90%
of American households use pesticides,688,689 including organophos-
phates, chlorpyrifos, diazinon, pyrethroids (i.e. cis- and trans-
permethrin), some carbamates, 689,690 and various organochlorine
chemicals, among others. As such, the most common route of
exposure is through the diet and drinking water. In addition, various
pesticides are commonly found in house dust and indoor air.

A study at two non-occupational sites (Jacksonville, Florida and
Springfield, Massachusetts) found that indoor, personal and outdoor
air sample concentrations were highest in the summer, lower in the
spring and lowest in winter.688 Indoor and personal air concentrations
were comparable and significantly higher than outdoor air concen-
trations. In a nine-home study to evaluate potential exposure to
children aged six months to five years, 23 of 30 target pesticides
were detected.689 The most frequently detected pesticides were
chlordone, chlorpyrifos, dieldrin, hepachlor and pentachlorophenol.
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The greatest number of pesticides and the highest concentrations were
found in carpet dust. Because of their play close to the ground, hand-
to-mouth behavior and unique dietary patterns, it is not surprising
that children consume and absorb significantly more pesticides per
kg body weight than adults; and some children consume consider-
ably more.691 Moreover, children are often more vulnerable than adults
to the ingested pesticides.

Six million children in America’s inner cities live in poverty. Unfortu-
nately, low-income groups bear a disproportionate share of the health
risks from pesticides that are commonly used in urban schools, homes
and day-care centers to control roaches, rats and other vermin. Studies
with laboratory animals suggest that pesticide exposure during preg-
nancy and early life may impair neurodevelopment in the offspring. Since
pesticide concentrations are particularly high in urban areas, and data
are limited in minority populations, Whyatt and associates692 gathered
questionnaire data on home pesticide use during pregnancy from 316
African-American and Dominican women residing in minority commu-
nities in New York City. Of these, 72 also underwent personal air moni-
toring for 48 hours during their third trimester. All that were monitored
had detectable levels of organophaphates, diazinon and chlorpyrifos.
Diazinon exposures for some of these women “may have exceeded
health-based levels…” Other pesticides were also present in a signifi-
cant number of women. Landrigan et al.688 reported that the heaviest use
of pesticides in all counties of New York State was in the boroughs of
Manhattan and Brooklyn.

Chronic exposure to persistent toxic contaminants in the environ-
ment can cause a variety of developmental problems. The following
are a few examples. Karmous et al.693 measured dichlorodiphenyl
dichloroethene (DDE) and polychlorinated biphenyls (PCB) blood
concentrations in children from three regions in central Germany
between 1994 and 1997. They found that DDE, a metabolite of the
pesticide dichlorodiphenyl trichloroethane (DDT), was associated
with a growth reduction for girls, but not boys, through age eight
years. Prior studies showed that DDE was associated with higher
weight and height in boys during puberty, whereas PCB levels were



Substance Abuse, Herbal Medicines and Environmental Factors 683

associated with increased weight in girls.694 Others695 reported that
hexachlorobenzene was associated with undescended testes.

In recent years, the more subtle effects of exposures to environmen-
tal neurotoxicants have been reported. These include reduced intelli-
gence, impairment in reasoning ability, shortening of attention span
and behavior alteration.696 The estimated annual cost for
neurobehavioral disorders is US$9.2 billion,697 an estimate that is
likely to be low because it “ignores costs of pain and suffering and
does not include late complications for which etiologic associations
are poorly quantified.” Others698 recently suggested that exposure to
selective dithiocarbamate pesticides may be a risk factor for
Parkinson’s disease. Unfortunately, less than 10% of the 70,000 chemi-
cals in commercial use have been evaluated for neurotoxicity.

Recent studies have shown that many pesticides also cause impair-
ment or suppression of the immune system.699 In studies involving
organochlorine organophosphate and carbamate compounds,
Banerjee700 reported the following: (1) the immune system is more
susceptible to the toxic effect of pesticides when dietary protein intake
is deficient; (2) suppression of immune responses by the immediate
metabolites is an important determinant of the toxicity of the parent
compound; and (3) the type and duration of physical and emotional
stress and possible involvement of oxidative stress (i.e. free radical
production) are important in pesticide-induced immune toxicity.

Trace elements

All biologic fluids and tissues normally contain low concentrations
of various trace elements. Although the body requires daily intake of
many of these elements, increased exposure interferes with biologic
activity. The following 15 elements are considered essential:701

arsenic, chromium, cobalt, copper, fluorine, iodine, iron, manganese,
molybdenum, nickel, selenium, silicon, tin, vanadium and zinc. How-
ever, the concentrations required for optimal biologic function vary
considerably, although a well-balanced diet usually provides an
adequate supply. Unfortunately, many people become exposed to
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excessive levels, at which time some of these elements become poi-
sons. In a study of 2000 people aged five to 85 years, Campbell702

reported that the most common metals present in toxic amounts were
lead, cadmium, arsenic, mercury and aluminum.

(1) Aluminum
Aluminum is among the most abundant metals on earth. Hence, the
average daily intake from food and water ranges from 2 mg to 15 mg.
However, only a very small amount of ingested aluminum is nor-
mally absorbed. As a result, aluminum poisoning is relatively
uncommon. Nevertheless, increased exposure may occur in persons
receiving some buffered medications, are on dialysis, or receiving
intravenous fluids. Those at greatest risk are diabetics, dialysis pa-
tients, those who have undergone parathyroidectomy or transplant
surgery, are iron deficient and children.603 Occupational exposure to
high aluminum levels may also occur. For example, numerous work-
ers in an aluminum smelting operation developed Alzheimer-like
symptoms.604 Other common sources that may lead to increased alu-
minum intake include aluminum cookware, especially when used to
cook acid-foods, coffee makers, beer and soft drink cans, baking
powder, antacids, buffered aspirin, tea, bleached flour, pancake and
cake mixes, non-dairy creamers, nasal sprays, cigarette filters, food
coloring and Kaopectate.705

(2) Arsenic
Arsenic has been used for centuries, both as a medicine and a poi-
son. For example, Hippocrates and Galen recommended arsenic
sulfide to treat ulcers. Later, arsenic was commonly used to treat
fevers, headache and syphilis. During the first 50 years of the 20th
century, arsenic was still widely used in medicines, as well as for
pest control, and is currently used to treat some parasitic infections
and cancer. However, most recent attention has focused on its
possible use as a terrorism agent (e.g. Lewisite and arsine gas),
increased awareness of exposure from decks and playground equip-
ment constructed from timber treated with chromated copper
arsenate, and the publicity associated with lowering the arsenic levels
in drinking water.
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Persons currently at risk for arsenic poisoning are workers in indus-
tries that either produce or use arsenic-containing compounds, those
whose water supply contains high levels, and those living near sources
of high ambient air levels. More specifically, arsenic may be released
into the environment as a by-product in the mining and smelting of
lead, copper and zinc.706 It is also released into the atmosphere when
fuel oils and coal are burned. Moreover, arsenic compounds are used
in pesticides, herbicides, wood preservatives, batteries, rat poisons, and
as growth promoters in poultry and livestock.

Arsenic may also contaminate water due to leaching from rocks, etc.
into groundwater and/or runoff from surface water, especially in Asia
and South America. Significant contamination has been reported in
China, Taiwan, Vietnam, Cambodia, Pakistan, Nepal, Mongolia, Chile
and India.706 Indeed, over 4000 villages in Bangladesh and India are
exposed to increased arsenic levels and 20% or more of the population
have symptoms of arsenic poisoning.

Arsenic may also be a risk factor for several cancers, as indicated by
the following examples. Koragas et al.707 recently confirmed that the
measurement of arsenic in toenails is a reliable indicator of arsenic
exposure. In a study of 687 basal cell and 284 squamous cell skin
cancers, these workers reported odds ratios for squamous cell and
basal cell carcinomas of 2.07 and 1.44 for individuals whose arsenic
concentrations were above the 97th percentile compared with those
with levels are at or below the median value.708 In another study,
Kurttio et al.709 measured the arsenic levels in drilled wells in Fin-
land and studied the association of arsenic exposure with the risk of
kidney and bladder cancers. Although none of the exposure indica-
tors (i.e. arsenic concentration in wells, daily and cumulative doses)
were significantly associated with kidney cancer risk, bladder cancer
was significantly associated with arsenic concentrations and daily
dose during the third and ninth years prior to cancer diagnosis.

(3) Lead
Greek physicians recognized the association between lead exposure
and disease over 2000 years ago. Although the sources of lead have
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changed since then, and exposure is largely preventable, lead poi-
soning remains among the most studied health problems. As such, it
is critical that physicians are aware of the environmental sources of
lead that can cause illness in persons at high risk. Although lead
exposure has decreased over the past several decades, it remains the
most common environmental illness among children in the US.
Indeed, chronic lead exposure continues to be a problem even though
the accepted blood levels have decreased from 60 ug/dL in 1950 to
10 ug/dL in 2000.710 Lead poisoning also remains extremely expen-
sive, the recently estimated total annual cost being US$43.4 billion.697

In 1990, three to four million American children (about 17%) were
considered at risk of lead poisoning.711 Campbell reported that 3% of
2000 persons aged five to 85 years had increased blood levels.702 A
child is generally considered to have lead poisoning when the lead
blood level is 10 ug/dL or greater. Based on previous US Centers for
Disease Control (CDC) studies that examined lead levels during 1991–
1994, 4.4% of children aged one to five years had blood levels greater
than 10 ug/dL. A more recent report, however, showed that this had
decreased to 2.2%.712 Nevertheless, “current evidence suggests that
there is no threshold blood level at which lead has no adverse effect
on health.”713 Importantly, exposure of children who live in older
homes that often contain lead-based paint and lead-contaminated dust
remains a serious problem. In addition, soil contamination by emis-
sions from leaded fuel also remains an environmental lead source.
Thus, as with other toxic contaminants, those living in inner cities
are particularly vulnerable. Nevertheless, no economic or racial sub-
group of children is free from the adverse effects of lead.

Children less than three years of age have an increased risk of lead’s
entry into the developing nervous system. Moreover, children absorb
and retain more lead in proportion to body weight than do adults.
Young children also have a greater prevalence of iron deficiency, a
disorder that can increase the gastrointestinal absorption of lead. Those
at risk, in addition to children, are the developing fetus (blood lead
readily crosses the placenta) and industrial workers and their fami-
lies, since workers may bring lead dust home on their skin and clothes.



Substance Abuse, Herbal Medicines and Environmental Factors 687

Acute lead poisoning is characterized by abdominal pain (“lead
colic”), cognitive deficits, peripheral neuropathy, arthralgias,
decreased libido and anemia. Children are especially at risk for
developmental and long-term cognitive deficits. Chronic lead
exposure may also lead to serious medical problems. Several recent
studies have shown that blood lead levels of 10 ug/dL or below in
children may still lead to serious problems. Canfield and associates714

measured blood lead levels in children at six, 12, 18, 24, 36, 48 and
60 months of age and tested their intellectual abilities at three and
five years (Standford-Binet Intelligence Scale). Their results showed
that blood lead levels “even those below 10 ug per deciliter, are
inversely associated with children’s IQ scores at three and five years
of age.…” Early studies also suggested that increased lead exposure
is related to aggressive and violent behavior. In a recent cross-
sectional ecological study from all counties in the contiguous
American 48 states, the homicide incidence rate ratio was 4.12 for
the highest air lead level compared with the lowest level.715

Exposure to various environmental contaminants, such as polybro-
minated biphenyl716 and polychlorinated aromatic hydrocarbons,717

have been reported to accelerate or delay pubertal development in
girls. Moreover, Selevan et al.718 found that blood lead levels of 3.0 ug/dL
were associated with significant delays in breast and pubic-hair de-
velopment in African-American and Mexican-American girls, but
not non-Hispanic white girls. In addition, as compared with levels of
1.0 ug/dL, lead levels of 3.0 ug/dL were associated with decreased
height after adjustment for age, race and other factors but not with
BMI or weight.

Over the past two decades, studies have suggested that low levels of
lead exposure among adults may increase the risk of increased blood
pressure and hypertension.719,720 More recently, Nash and coworkers721

studied a cross-sectional sample of 2165 women aged 40 to 55 years
from 1988 to 1994. Their results showed that a change in blood lead
levels from the lowest quartile (0.5–1.6 ug/dL) to the highest quartile
(4.0–31.1 ug/dL) was associated with a statistically significant
increase in both systolic and diastolic blood pressures. Women in the



688 Chapter 5

highest quartile had increased risks of both diastolic (�90 mmHg)
hypertension (odds ratio, 3.4) and systolic (�140 mmHg) hyperten-
sion (odds ratio, 1.5). However, the association between blood lead
levels and hypertension was even stronger in postmenopausal women.
Here, the adjusted odds ratios for diastolic hypertension increased
with increasing quartile of blood lead level compared with the lowest
quartile (4.6, 5.9 and 8.1, respectively). Thus, at levels below the
current US occupational exposure guidelines (40 ug/L), the blood
lead level was positively associated with both systolic and diastolic
hypertension.

Studies have also suggested that environmental lead exposure is
associated with age-related decreases in kidney function. To further
evaluate this association, Lin et al.722 studied a group of patients with
chronic renal insufficiency (serum creatinine 1.5–3.9 mg/dL). Non-
diabetic subjects with an elevated body lead burden were randomly
assigned to either a chelation or control group. Patients in the chela-
tion group received lead-chelation therapy (calcium disodium EDTA);
the control group received placebo. During the following 24 months,
repeated chelation therapy was administered weekly to patients with
a high-normal body lead burden. The controls received weekly pla-
cebo infusions. The results showed that the glomerular filtration rate
in patients receiving chelation therapy improved significantly com-
pared with the control group (mean change 2.1 � 5.7 ml/minute per
1.73 m2 body-surface area compared with 6.0 � 5.8 ml/minute per
1.73 m2 body-surface area).

(4) Mercury
Mercury has been used for centuries for both medicinal purposes
and as a poison. It is currently used in various commercial areas. In
1973, more than 500 people in Iraq died and more than 600 were
hospitalized after eating bread prepared from wheat treated with a
mercury-containing fungicide.723 In the mid-1980s, mass poisoning
occurred in Japan due to fish contamination where mercury com-
pounds were dumped into the ocean. About 80% of the mercury in
fish is in the form of methylmercury, which is significantly more
toxic than elemental or inorganic mercury. Because of these and other
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events, attention is currently focused on the poisonous effects of
mercury-contaminated seafood, use in dental amalgams, vaccine
administration to infants, and in some folk remedies.724

Overall, environmental mercury is primarily from natural sources
(soil erosion and degassing of the earth’s crust), fossil fuel combus-
tion, waste incineration, mercury spills and smelting processes.701,725

Since elemental mercury is a liquid, it readily vaporizes at room tem-
perature and can readily enter the body through the lungs. Indeed,
about 70% to 85% is absorbed through the lungs whereas less than
3% is absorbed through the skin.725 Moreover, less than 0.1% of
ingested elemental mercury is absorbed from the gastrointestinal tract.
In addition, mercury is lipid soluble, a fact that facilitates its passage
into the lungs, central nervous system and placenta.

Interpretation of mercury blood levels is somewhat complicated due to
the wide range of values found in presumably healthy populations. How-
ever, for populations consuming moderate amounts of seafood, the blood
levels are generally 5.0 ug/L or less, a value well below the US Environ-
mental Protection Agency’s recommended upper level of 5.8 ug/L in
which exposures are considered benign.726 In a recent study of 1250 chil-
dren aged one to five years and 2314 women aged 16 to 49 years, blood
mercury levels were about three-fold higher in women compared with
children.718 In women who ate three or more servings of fish in the pre-
vious 30 days, blood mercury levels were four-fold higher than those
who ate no fish during this time period. Importantly, 8% of the women
had blood concentrations greater than 5.8 ug/L.

In communities with increased exposure to contaminants, such as
methylmercury in seafood, risks of decreased height and weight, as
well as neurobehavioral dysfunction, must be considered in children
who are breast-fed. For example, Grandjean et al.727 reported a dou-
bling of the mercury concentration in cord blood was associated with
a decrease in both height and weight at 18 months of age in children
who were breast-fed. This group also recently reported that maternal
mercury exposure during pregnancy was associated with detectable
neuropsychological deficits at age seven years,728 a finding that sup-
ported earlier studies.729–731
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Increased mercury levels may also be a risk factor for coronary heart
disease and myocardial infarction. In a prospective cohort study of
men in eastern Finland, fish consumption and mercury levels in hair
were positively associated with coronary heart disease and myocar-
dial infarction.732 Similarly, a recent case-control study conducted in
eight European countries and Israel indicated that toenail mercury
levels were directly associated with the risk of myocardial
infarction.733 The authors concluded that “high mercury content may
diminish the cardioprotective effect of fish intake.” However, in the
same journal issue, others concluded from their nested case-control
study that although toenail mercury levels significantly correlated
with fish consumption, their “findings do not support an association
between total mercury exposure and the risk of coronary heart dis-
ease, but a weak relation cannot be ruled out.”734 Thus, further stud-
ies are needed to clarify the association between mercury levels and
coronary heart disease.

(5) Cadmium
Background levels of cadmium in food, water and ambient air are
not a health concern for most people in North America. Typical
dietary intake is approximately 30 ug/day, a rate about ten times lower
than that required to cause kidney damage.735 However, environmen-
tal cadmium contamination from industrial processes, fossil fuel
combustion and cadmium-containing wastes is of significant
importance.736 Indeed, since there are no known biologic benefits of
cadmium, even very low levels might be considered toxic. In 1992,
over 500,000 American adults were occupationally exposed to cad-
mium levels that may be harmful.737 These include alloy makers, auto
mechanics, battery makers, cable trolley wire makers, cadmium plat-
ers, dental amalgam makers and smelterers, among various others.735

Importantly, the allowable exposure limits for workplace air decreased
from 1000 ug/m3 in 1941 to 5.0 ug/m3 in 1992. Cadmium concentra-
tions in air samples from various American cities currently range
from 0.002 ug/m3 to 0.05 ug/m3. Although these levels seem very
low, the biologic half-life for cadmium is ten to 30 years. Hence, the
body burden increases throughout life so that the cumulative effect
can be significant even in persons not occupationally exposed to
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cadmium. Moreover, cigarette smoking further contributes to cad-
mium intake since blood levels reportedly increase about 1.6% for
each cigarette smoked per day.701

Cadmium-induced renal tubular and glomerular damage is generally
irreversible and may progress to renal failure even after cadmium
exposure has been eliminated. Cadmium has also been associated
with renal cell carcinoma. Thus, in a case-control German study, the
odds ratio for kidney cancer was 1.4 for men and 2.5 for women who
were exposed to increased levels of cadmium over a long period of
time.738 Cadmium has also been implicated as a risk factor for
pulmonary disease, hypertension and coronary heart disease,739,740

although the evidence for coronary heart disease is limited and
inconsistent.741

Asbestos

Asbestos is a generic term for a group of six naturally occurring
fibrous minerals. The basic unit of asbestos minerals is the silicate
combined with various amounts of iron, magnesium, calcium, alu-
minum and sodium.742 Two classes of asbestos exist: serpentine, which
contains a magnesium silicate (chrysotile), and amphiboles which
include crocidolite, amosite, anthophyllite and tremolite. Chrysotile
accounts for about 93% of the asbestos used worldwide.742 Asbestos
fibers may result from mining, milling and weathering of asbestos-
bearing rock. These fibers also come from the manufacture, wear
and disposal of asbestos-containing products. Thus, asbestos fibers
are ubiquitous in the environment.

Although asbestos has been banned and voluntarily phased out since
the 1970s, it is still used in construction materials. Moreover, build-
ing insulation materials stockpiled before the ban remain in many
homes and commercial buildings. Interestingly, asbestos levels in
schools are typically 1000 times below the permissible exposure level
for work environments. However, overreaction by the public and
politicians led to removal and abatement programs resulting in some
facilities having higher levels of airborne asbestos after removal than
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before due to improper removal. Thus, as noted by Case,743 “one
problem which has been vastly overstated in the US concerns non-
occupational exposure to asbestos.” As he emphasized, this is not to
suggest that asbestos exposure presents no environmental risk, but
that the risk of this and other environmental contaminants must be
put in proper context. For example, in 1990 the annual projected
death rate of asbestos exposure in schools was no more than
0.1/million children whereas 10/million died playing school football
and 60/million children aged one to 14 years died in home accidents.743

Moreover, the cost of asbestos removal from buildings approached
US$150 billion.744

In the early 1900s, it became evident that occupational exposure to
asbestos causes asbestosis, a fibrotic lung disease.745 Later, in the 1950s
and 1960s, epidemiologic studies of workers showed that occupational
asbestos exposure also caused lung cancer and mesothelioma,746a prob-
lem that still exists. For example, in a recent study of 924 consecutive
cases of lung cancer without a history of occupational asbestos expo-
sure in northwest Italy, histologic asbestosis was demonstrated in
56 cases (“definitely asbestos-related”).747 In five additional cases,
asbestos bodies were not microscopically demonstrated although there
was pulmonary fibrosis and increased concentration of asbestos
fibers/gram dry weight. Extrapolation of their estimates on a national
scale suggested that 2000 cases of asbestos-related lung cancer occur
in Italy each year. However, only 281 cases of asbestos-related lung
cancer were reported from all occupational causes in the years 1990–
1995. Thus, when one considers the association between asbestos and
lung cancer today, it is probably much larger, at least worldwide, than
generally recognized.

Miscellaneous organic chemicals

A wide variety of toxic organic chemicals are produced and distrib-
uted worldwide for a host of industrial purposes. Others are products
of incomplete combustion of fuels, components of paints, oils, sol-
vents, etc. As such, they are prevalent in the environment where they
enter the food chain. The toxic chemical compounds discussed here
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will include acrylamide, polycyclic aromatic hydrocarbons, polychlo-
rinated biphenyl (PCB), 1,3 butadiene and dioxin. Although not
addressed, other toxic chemicals such as trichloroethylene, vinyl chlo-
ride, methylene chloride and the nitrosamines are also potentially
harmful and widely disseminated in the environment. The primary
health problem associated with some of these chemicals is that they
are potentially carcinogenic. However, as with many other substances,
predicting the carcinogenicity of a complex chemical mixture on the
basis of one or more of its components is difficult because of
possible interactions among the components.

(1) Acrylamide
Acrylamide is a monomer of polyacrylamide, whose products are
used in the manufacture of paper, water treatment and as a soil stabi-
lizer. Although polyacrylamide is non-toxic, acrylamide is potentially
toxic and reportedly produces cellular changes and tumors in both
rats and mice, cellular transformation in the Syrian hamster embryo.748

As a result of these and other studies, acrylamide has been classified
by the International Agency for Research on Cancer (IARC) as a
probable human carcinogen. Indeed, a recent Swedish study reported
that acrylamide is present in high levels in starch-based foods cooked
at high temperatures.749,750 Here, potato chips, French fries, biscuits
and crackers had the highest levels; breakfast cereals, breads and
corn chips had lower amounts.

The association between acrylamide and human cancers has not been
proven. In a follow-up report, Marsh et al.751 studied a cohort of 8508
workers with acrylamide exposure in three US plants from 1984 to
1994. Their findings showed “little evidence for a causal relation
between exposure to acrylamide and mortality from cancer sites ...”
Similarly, Mucci and associates752 reported that dietary exposure to
acrylamide in amounts “typically ingested by Swedish adults in cer-
tain foods has no measureable impact on risk of three major types of
cancer” (i.e. large bowel, kidney and bladder). Another recent study,
however, concluded that acrylamide consumed from various cooked
foods produce a background dose of acrylamide that “is associated
with a considerable cancer risk.”753 Hence, future studies will be
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needed to clarify the question as to whether acrylamide from fried
foods is a risk factor for cancer. However, since fried foods are widely
recognized as being unhealthy, one should limit their consumption.

(2) Polycyclic aromatic hydrocarbons
Polycyclic aromatic hydrocarbons (PAHs), which are organic com-
pounds consisting of three or more fused benzene rings containing
only carbon and hydrogen, are ubiquitous in the environment. PAHs
are produced when complex organic substances are exposed to high
temperatures. Indeed, they are a natural component of most fossil
fuels. Although PAHs are naturally produced by volcanoes and for-
est fires, most ambient air PAHs result from burning coal, wood,
petroleum and oil, as well as coke production, refuse burning and
motor vehicle exhaust. Moreover, PAH levels in foods vary. Char-
ring meat or barbequing food over a charcoal fire greatly increases
PAH production. Other foodstuffs that contain increased levels
include cooked and smoked meats and fish, roasted peanuts, coffee
and cigarette smoke.754 Although hundreds of PAHs exist, benzo-
pyrene is the most carcinogenic PAH studied.

Occupations at increased risk of PAH exposure include the following:
workers with coal, coal products, aluminum and asphalt, machinists,
auto and diesel mechanics, printers, roofers, and workers exposed to
creosote, among others.754 Long-term exposure to PAHs has been
associated with an increased risk of cancer, which is further increased
with the additive effect of cigarette smoke and other toxic agents. In a
study of 11,103 men employed in six Norwegian aluminum plants for
at least three years, the overall relative risk ratio for excess bladder
cancer was 1.3. However, the relative risk increased with increasing
PAH exposure to 2.0 for the upper exposure group compared with
expected national figures.755 There were also “indications of an elevated
risk of kidney cancer” but no association was found with lung cancer.

(3) 1,3-Butadiene
1,3-butadiene, a major ingredient of synthetic rubber, has been shown
to be carcinogenic in both mice and rats.756,757 Importantly, cancer
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occurred in both species at levels equal to or below the federal stan-
dard of 1000 parts/million. Human epidemiologic studies have also
shown a correlation between 1,3-butadiene exposure and cancer. Thus,
an early retrospective study of 8017 male workers employed in two
tire manufacturing plants in Ohio showed an increased risk for gas-
tric cancer, as well as lymphatic and hematopoietic malignancies.758,759

A later updated epidemiologic study of 2568 workers for at least six
months at a 1,3-butadiene manufacturing plant in Texas found an
increased death rate due to lymphosarcoma and reticulum cell
sarcoma.760 Similarly, an updated retrospective study of 12,113 work-
ers employed in eight synthetic rubber plants in the US and Canada
also found an excess mortality rate for lymphatic and hematopoietic
malignancies in both black and white production workers.761 Thus,
occupational exposure to 1,3-butadiene is a probable significant
cancer risk factor, especially for lymphatic and hematopoietic malig-
nancies. The association between 1,3-butadiene exposure and carci-
nogenicity risk has been critically reviewed.762

(4) Polychlorinated biphenyls
Polychlorinated biphenyls (PCBs) are a family of 209 chemicals that
vary in the number and positions of chlorine atoms attached to two
connected benzene rings. Commercial PCBs are mixtures of these
compounds and are usually contaminated with small amounts of
furans (polychlorinated dibenzofurans) and dioxins (polychlorinated
dibenzodioxins). PCBs persist in the environment, concentrating in
the food chain. As such, the major non-occupational exposure to PCBs
is from various foods, especially fish from contaminated water and
animal fat. Although PCBs are no longer manufactured in the US,
there is still a potential for workplace exposure. Workers at increased
risk include those employed in electric cable repair, electroplating,
fire fighting, hazardous wastes, heat exchange equipment repair,
maintenance cleaning, metal finishing, roofing and pipefitting/plumbing,
among others.763

Fetuses and neonates appear to be more sensitive to PCBs and other
chemical contaminants than adults. Indeed, some environmental con-
taminants have been reported to alter the sex ratio of offspring at
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birth. Since fish from the Great Lakes of the US are contaminated
with PCBs, Weisskopf et al.764 examined parental serum PCB levels
in relation to the sex ratio of children of mothers and fathers in the
Great Lakes region between 1970 and 1995. Their findings showed
that the odds ratio for having a male child among mothers in the
highest quintile compared with the lowest quintile of PCB concen-
tration was 0.18. However, there was little evidence of an
association with paternal exposure.

(5) Dioxin
Dioxin (polychlorinated dibenzo-p-dioxins) and furans
(dibenzofurans) produce similar health effects and coexist in various
materials. There are 75 dioxin isomers, of which 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) is the most studied. The food
chain is the major route of dioxin exposure, although other sources
are diesel exhaust, chlorine-bleached paper products and incinera-
tion gases. Other potential dioxin sources include emissions from
coal-burning power plants, diesel exhausts and incomplete burning
of wastes containing chlorine; smaller amounts come from volca-
noes and forest fires.

Several large human populations have been exposed to dioxin,
resulting in extensive publicity and considerable public health con-
cerns. One of the most publicized events involved Vietnam veterans
who were potentially exposed to dioxins by military use of the defol-
iant Agent Orange. In addition, different areas of the US have been
contaminated as a result of industrial discharges of spraying of dirt
roads with dioxin-contaminated waste oils.765 The areas that received
the most attention were in Niagra Falls, New York (Love Canal), Times
Beach, Missouri and Newark, New Jersey. However, the most exten-
sive accident exposing a residential population (more than 37,000
people) was an explosion at a chemical plant in Seveso, Italy in
1976.766,767 Importantly, no deaths from acute poisoning occurred in
any of these disasters. However, in 1988 Italian and American scien-
tists convened to further examine the Seveso dioxin incident. They
measured the TCDD levels in over 30,000 serum or plasma samples
collected from residents during the period 1976–1985.766 Some TCDD
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levels were the highest ever reported in humans. In general, however,
the serum/plasma concentrations were of the same magnitude as those
found in occupational studies.

Bertazzi et al.767 carried out a ten-year mortality study of the popula-
tion involved in the Seveso incident and compared the findings with a
referent cohort of 167,391 subjects who lived “in the immediate sur-
roundings.” They found that biliary (females only) and brain cancers,
as well as lymphatic and hematopoietic neoplasms (especially leuke-
mia in males) were significantly increased in the dioxin-exposed resi-
dents. The authors concluded that these findings “did not appear to
result from chance, confounding, or information/comparison bias.” The
findings were also “suggestive” of an increase in soft tissue
tumors and melanoma. Certainly, dioxin has been shown to be carci-
nogenic in numerous studies involving laboratory animals. Prior to
this study, only two negative effects of dioxin industrial exposure had
been confirmed: chloracne lesions (pale yellow cysts) which appear
one to three weeks after exposure and transient mild hepatotoxicity.

Except for rare major industrial accidents, those most at risk for
exposure to dioxin are chemical industry workers, and possibly
fetuses and breast-fed infants if the mothers have been exposed.

(6) Radon
Radon is a colorless and odorless radioactive gas that forms from
naturally occurring radioactive uranium. Since uranium occurs world-
wide in soil and rock, radon exposure is also universal. Thus, radon
exposure in humans is primarily due to radon-contaminated gas ris-
ing from the soil. The suspicion that working in underground mines
is associated with cancer was suspected even before radon was iden-
tified as an element. Indeed, in 1556 Agricola, a German scholar,
reportedly wrote about the high mortality of miners in Eastern
Europe.768 About 300 years later, autopsy studies demonstrated that
lung cancer was common among miners in this region. In the early
1900s, these mines were shown to contain high levels of radon and in
the 1950s and 1960s, epidemiologic studies confirmed the associa-
tion between radon exposure and lung cancer.769
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Radon has been extensively studied over the past four decades and
shown to be an important environmental carcinogen, affecting not
only miners but workers in various occupations. Radon has also been
associated with lung cancer in some general populations, especially
in areas where the soil concentration is high.769 In this latter group,
radon levels are usually highest in home basements due to its prox-
imity to the ground from which the gas diffuses.770 Hence, those who
spend considerable time in basement rooms, either at work or home,
are at a greater risk for exposure. Indeed, the Environmental Protec-
tion Agency estimated that as many as eight million homes in the US
have elevated radon levels.771

With respect to the association between lung cancer and radon
exposure, it has been estimated that between 3000 and 33,000
radon-associated deaths occur in the US each year, with central esti-
mates of 15,400 or 21,800 depending on the model used.769 Thus,
after smoking, radon is the second leading cause of lung cancer in
the US. Moreover, an estimated one-third of lung cancer cases could
be avoided if homes with radon levels of 4.0 pC/L or greater were
reduced.

Seasonal temperature changes

Extreme environmental temperatures have been arbitrarily defined
as hot (�30�C; 86�F) or cold (�0�C; �32�F).772 Prolonged periods
of work, recreation, or being confined at home can lead to negative
energy and nitrogen balances and dehydration. These, in turn, can
lead to impaired thermoregulation, ketosis, altered acid-base and
electrolyte balance, depleted glycogen stores, impaired motor
coordination and diminished work capacity.772 Thus, mortality rates
are affected by both elevated and low temperatures.

Hypothermia is defined as the unintentional lowering of the core body
temperatures below 35.0�C (95.0�F). Hypothermia may be mild
(90.0�F–�95.0�F; 32.2�C–�35.0�C), moderate (82.5�F–�90.0�F;
28.0�C–�32.2�C), or severe (�82.5�F; �28�C). Common risk
factors for hypothermia include exposure to cold temperatures while
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under the influence of alcohol, drugs, altered mental status, and im-
mersion in cold water. Between 1979 and 1998, there were an esti-
mated 700 annual deaths in the US attributed to cold weather.773

There is a substantial annual temperature change in most areas of the
US, as well as in various other countries. Seasonal variations in mor-
tality have been associated with age, outdoor temperature and influ-
enza. The increased winter death rate has also been associated with
socioeconomic status and increasing age. Essentially all cities with
daily temperatures in July exceeding 30�C have January temperatures
near the freezing point. Conversely, even where the January tempera-
tures are colder than �10�C, the maximum afternoon temperatures in
July usually exceed 30�C. Interestingly, death during the winter is re-
portedly more common in the UK than in most other countries in West-
ern Europe.774 This excess mortality rate has been attributed primarily
to coronary heart disease, stroke and respiratory diseases. Laake
et al.774 compared winter mortality between Norway and England/Wales.
They found that winter mortality in England and Wales was nearly
two-fold greater in old and middle-aged people and also “markedly
higher than in Norway…” However, deaths related to influenza were
similar. In Britain and Wales, there were about 3500 annual deaths in
persons aged 45 years and older for each 1�C reduction in winter tem-
perature, after adjustment for age and influenza.

Increased mortality due to coronary heart disease is particularly well
known to be significantly higher in the winter than in the summer. As
noted in Chapter 1, coronary heart disease is associated with increased
blood levels of fibrinogen and other coagulation factors. Importantly,
fibrinogen levels are inversely associated with both environmental
and body temperatures, as least in elderly subjects.775

Most anesthetics impair thermoregulation, which in combination with
the cold operating room environment, open body cavities, and intra-
venous fluid and blood administration often lead to hypothermia.
Frank et al.776 carried out a randomized clinical trial to assess the
association between body temperature and cardiac mortality during
the postoperative period. Their results showed that in patients with
risk factors for coronary heart disease who undergo non-cardiac
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surgery, “the perioperative maintenance of normothermia is associ-
ated with a reduced incidence of morbid cardiac events and ventricu-
lar tachycardia.”

An increased environmental temperature is also a risk factor for
mortality, especially among the elderly. In a 1993–1994 study from
the Netherlands, the number of deaths among nursing-home patients
during a 100-week study period was 38,861.777 The lowest mortality
rates were in weeks with average outside temperatures between 15�C
and 19.9�C. In the hottest weeks (25.0�C–29.9�C), the mortality rate
was 50% higher than the minimum rate (relative risk, 1.50), and the
mortality risk for women was higher than for men. Since air-
conditioning is apparently not commonly available in these nursing
homes, the authors strongly recommended their availability during
time of increased outside temperature. Indeed, the seasonal patterns
of coronary mortality have changed significantly in the US over the
past several decades, presumably due to the “gradual expansion of
adequate heating and increased use of air-conditioning.”778 Similarly,
Diaz et al.779 studied the association between summer temperatures
and mortality rates in Seville, Spain from 1986 to 1997. They found
that mortality from all causes increased up to 51% above the mean in
people aged 75 years and older for each degree Celsius above 41�C.
This effect was primarily due to cardiovascular disease and, as noted
above, was also more common in women than in men.

Chapter Summary

The major causes of human morbidity and mortality and the exten-
sive associated financial costs are, to a highly significant degree, due
to self-imposed lifestyles. Indeed, in addition to physical inactivity,
overweight/obesity and poor nutrition, personal habits and addiction
to tobacco, alcohol, and both illicit and prescription drugs are
extremely costly to the involved individual, their family and to society.
In addition, humans are commonly over-exposed to sunlight, artifi-
cial radiation and environmental temperature changes. Moreover,
exposure to an extensive variety of potentially toxic chemicals which
have contaminated our food supply, drinking water and the air we
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breathe is also very common. While most of these risk factors could
be significantly decreased by more general public and school educa-
tion, personal commitment, and medical consultation and professional
counseling, the potential danger of environmental and occupational
contaminants must be more fully addressed by local and federal
governments, as well as the companies that produce them.
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