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MESSAGE FROM THE SURGEON GENERAL

I am pleased to transmit to the Secretary of the Department of Health and
Human Services this first Surgeon General's Report on Nutrition and Health.
It was prepared under the auspices of the Department’s Nutrition Policy
Board, and its main conclusion is that overconsumption of certain dietary
components is now a major concern for Americans. While many food
factors are involved, chief among them is the disproportionate consumption
of foods high in fats, often at the expense of foods high in complex
carbohydrates and fiber--such as vegetables, fruits, and whole grain
products--that may be more conducive to health.

1 offer this Report in the context of the obligation of the Surgeon General to
inform the American public of developments in the science base that have
widespread implications for human health. Perhaps the classic example of
such reports is the one issued in 1964 during the tenure of one of my
predecessors, Dr. Luther Terry, which summarized the epidemiologic
evidence available at the time on the relationship of tobacco to health. This
report called attention to the inescapable conclusion that cigarettes were a
major source of illness and death for those who smoked--at that time a
majority of adult men.

This Surgeon General's Report on Nutrition and Health follows the tradition
of the original report on smoking and health. It addresses an area of some
controversy and substantial misunderstanding. And the relative magnitude
of the associated health concerns is comparable, with dietary factors playing
a prominent role in five of the ten leading causes of death for Americans. In
addition, the depth of the science base underlying its findings is even more
impressive than that for tobacco and health in 1964, with animal and clinical
evidence adding to the epidemiologic studies.

On the other hand there are some fundamental differences. Most obvious is
the fact that food is necessary for good health. Foods contain nutrients
essential for normal metabolic function, and when problems arise, they
result from imbalance in nutrient intake or from harmful interaction with
other factors. Moreover, we know today much more about individual
variation in response to nutrients than we know about possible variations in



response to tobacco. Some people are clearly more susceptible than others
to problems from diets that are, for example, higher in fat or salt.

Also, unlike the experience for tobacco in 1964, people are already making
dietary changes, as witnessed by the shift to products lower in saturated fats.
Nonetheless, the important effects of the dietary factors underlying
problems like coronary heart disease, high blood pressure, stroke, some
types of cancer, diabetes, obesity--problems that represent the leading health
threats for Americans--indicate the potential for substantial gains to be
accrued by the recommendations contained in this Report

It is important to emphasize that the focus of this Report is primarily on the
relationship of diet to the occurrence of chronic diseases. The Report is not
intended to address the problems of hunger or undernutrition that may
occur in the United States among certain subgroups of the population. All
Americans should have access to an appropriate diet, but they do not. And
even though the size and numbers of problems related to inadequate access to
food are proportionately much smaller than those related to dietary excesses
and imbalances, the problems of access to food are of considerable concern
to me, personally, wherever they may occur.

The apparently sizable numbers of people resorting to the use of soup
kitchens and related food facilities, as well as the possible role of poor diet as
a contributor to the higher infant mortality rates associated with inadequate
income, suggest the need for better monitoring of the nature and extent of
the problem and for sustained efforts to correct the underlying causes of
diminished health due to inadequate or inappropriate diets.

This report was prepared primarily for nutritional policy makers, although
the eventual beneficiaries of better nutritional policy will be the American
people. I am convinced that with a concerted effort on the part of policy
makers throughout the Nation, and eventually by the public, our daily diets
can bring a substantial measure of better health to all Americans. 1
commend to them the recommendations of this Report.

M;ﬂ
C. Everett Koop, M.D., Sc.D.

Surgeon General
U.S. Public Health Service



Foreword

This first Surgeon General’s Report on Nutrition and Health marks a key
event in the history of public heaith in the United States. While the Report
has been developed for use by policymakers, it offers lessons that can be
directly applied to the public. It responds to the increasing interest of
scientists, health professionals, and the American people in the role of diet
in health promotion. Within recent years, concerns about nutrition and
health have expanded beyond the need to prevent deficiencies to encom-
pass the effects of typical American dietary patterns on the incidence of
chronic diseases that are leading causes of death and disability in this
country. Although scientific research has provided substantial insight into
the ways specific dietary factors influence specific diseases, there are still
many uncertainties about diet-disease relationships. The Department of
Health and Human Services, through the Public Health Service and the
Surgeon General, welcomes the responsibility to evaluate the current state
of knowledge and to advise the public accordingly.

This Report reviews the scientific evidence that relates dietary excesses
and imbalances to chronic diseases. On the basis of the evidence, it
recommends dietary changes that can improve the health prospects of
many Americans. Of highest priority among these changes is to reduce
intake of foods high in fats and to increase intake of foods high in complex
carbohydrates and fiber.

The evidence presented here indicates the convergence of similar dietary
recommendations that apply to prevention of multiple chronic diseases.
The recommendation to reduce dietary fat, for example, aims to reduce the
risk for coronary heart disease, diabetes, obesity, and some types of
cancer. This advice is not new. But it is now substantiated by a large body of
evidence derived from many different kinds of research—a research base
that is now even more comprehensive than was the case for the pioneering
1964 Surgeon General’s Report on Smoking and Health.

The weight of this evidence and the magnitude of the problems at hand
indicate that it is now time to take action. In the cause of good health for all
our citizens, I urge support for this Report’s recommendations by every
sector of American society.

Otis R. Bowen, M.D.
Secretary



Preface

The Public Health Service of the Department of Health and Human Ser-
vices has long maintained an interest in the relationship between food and
health. In the 1970s, this interest began to focus on the ways in which
dietary excesses and imbalances increase the risk for chronic diseases.
With the publication in 1979 of Healthy People: The Surgeon General’s
Report on Health Promotion and Disease Prevention, attention turned
toward environmental and behavioral changes that Americans might make
to reduce their risks for morbidity and mortality. Nutrition was one such
priority area. The 1980 report Promoting Health/Preventing Disease: Ob-
Jectives for the Nation included 17 specific, quantifiable objectives in
nutrition designed to reduce risks and to prevent illness and death. Also in
1980, the Department published, jointly with the U.S. Department of
Agriculture, the first edition of Dietary Guidelines for Americans. This
report, revised in 1985, includes seven recommendations that, taken to-
gether, address the relationship between diet and chronic diseases.

Diseases such as coronary heart disease, stroke, cancer, and diabetes
remain leading causes of death and disability in the United States. Substan-
tial scientific research over the past few decades indicates that diet can play
an important role in prevention of such conditions. The Public Health
Service has now reviewed this research and has produced a comprehensive
analysis of the relationship between dietary factors and chronic disease
risk. This Surgeon General’s Report on Nutrition and Health summarizes
research on the role of diet in health promotion and disease prevention. Its
findings indicate the great importance of diet to health. They demonstrate
that changes in present dietary practices of Americans could produce
substantial gains in the health of the population. The Public Health Service
is committed to improving the health of Americans through its programs in
education, services, and research.

One mechanism for improving the health of Americans is through the 1990
Health Objectives for the Nation. The role of nutrition in health will
continue to be a focus of national health priorities as we develop new
objectives for the year 2000. Federal, State, and local governments, the
American public, the food industry, and scientists and health professionals
can work together to encourage Americans to make healthy food choices
and to achieve national health goals.



I am pleased to commend to the American people this review of the
scientific evidence that links diet to chronic disease, and I urge that the
findings of this important Report be given your careful consideration.

Robert E. Windom, M.D.
Assistant Secretary for Health
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Summary and Recommendations

This Report addresses the substantial impact of daily dietary patterns on
the health of Americans. Good health does not always come easily. Itis the
product of complex interactions among environmental, behavioral, social,
and genetic factors. Some of these are, for practical purposes, beyond
personal control. But there are many ways in which each of us can
influence our chances for good health through the daily choices we make.

In recent years, scientific investigations have produced abundant informa-
tion on the ways personal behavior affects health. This information can
help us decide whether to smoke, when and how much to drink, how far to
walk or climb stairs, whether to wear seat belts, and how or whether to
engage in any other activity that might alter the risk of incurring disease or
disability. For the two out of three adult Americans who do not smoke and
do not drink excessively, one personal choice seems to influence long-term
health prospects more than any other: what we eat.

Food sustains us, it can be a source of considerable pleasure, it is a
reflection of our rich social fabric and cultural heritage, it adds valued
dimensions to our lives. Yet what we eat may affect our risk for several of
the leading causes of death for Americans, notably, coronary heart dis-
ease, stroke, atherosclerosis, diabetes, and some types of cancer. These
disorders together now account for more than two-thirds of all deaths in the
United States.

Undernutrition remains a problem in several parts of the world, as well as
for certain Americans. But for most of us the more likely problem has
become one of overeating—too many calories for our activity levels and an
imbalance in the nutrients consumed along with them. Although much is

still uncertain about how dietary patterns protect or injure human health,
enough has been learned about the overall health impact of the dietary
patterns now prevalent in our society to recommend significant changes in
those patterns.

This first Surgeon General’s Report on Nutrition and Health offers com-
prehensive documentation of the scientific basis for the recommended
dietary changes. Through the extensive review contained in its chapters,
the Report examines in detail current knowledge about the relationships
among specific dietary practices and specific disease conditions and sum-
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marizes the implications of this information for individual food choices,
public health policy initiatives, and further research. The Report’s main
conclusion is that overconsumption of certain dietary components is now a
major concern for Americans. While many food factors are involved, chief
among them is the disproportionate consumption of foods high in fats, often
at the expense of foods high in complex carbohydrates and fiber that may be
more conducive to health. A list of the key recommendations based on the
evidence presented in the Report is provided in Table 1.

Magnitude of the Problem

Diet has always had a vital influence on health. Until as recently as the
1940’s, diseases such as rickets, pellagra, scurvy, beriberi, xerophthalmia,
and goiter (caused by lack of adequate dietary vitamin D, niacin, vitamin C,
thiamin, vitamin A, and iodine, respectively).were prevalent in this coun-
try and throughout the world. Today, thanks to an abundant food supply,
fortification of some foods with critical trace nutrients, and better methods
for determining and improving the nutrient content of foods, such *“defi-
ciency” diseases have been virtually eliminated in developed countries.
For example, the introduction of iodized salt in the 1920’s contributed
greatly to eliminating iodine-deficiency goiter as a public health problem in
the United States. Similarly, pellagra disappeared subsequent to the dis-
covery of the dietary causes of this disease. Nutrient deficiencies are
reported rarely in the United States, and the few cases of protein-energy
malnutrition that are listed annually as causes of death generally occuras a
secondary result of severe illness or injury, child neglect, the problems of
the house-bound aged, premature birth, alcoholism, or some combination
of these factors. - ' : B

As the diseases of nutritional deficiency have diminished; they have been
replaced by diseases of dietary excess and imbalance—problems that now
rank among the leading causes of illness and death in the United States,
touch the lives of most Americans, and generate substantial health care
costs. Table 2, for example, lists the 10 leading causes of death in the
United States in 1987.

In addition to the five of these causes that scientific studies have associated
with diet (coronary heart disease, some-types of cancer, stroke, diabetes
mellitus, and atherosclerosis), another three—cirrhosis of the liver, acci-
dents, and suicides—have been associated with excessive alcohol intake.
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Table 1
Recommendations

Issues for Most People:

® Fats and cholesterol: Reduce consumption of fat (especially saturated fat) and
cholesterol. Choose foods relatively low in these substances, such as vegeta-
bles, fruits, whole grain foods, fish, poultry, lean meats, and low-fat dairy
products. Use food preparation methods that add little or no fat.

® Energy and weight control: Achieve and maintain a desirable body weight. To
do so, choose a dietary pattern in which energy (caloric) intake is consistent
with energy expenditure. To reduce energy intake, limit consumption of foods
relatively high in calories, fats, and sugars, and minimize alcohol consump-
tion. Increase energy expenditure through regular and sustained physical ac-
tivity.

® Complex carbohydrates and fiber: Increase consumption of whole grain foods
and cereal products, vegetables (including dried beans and peas), and fruits.

® Sodium: Reduce intake of sodium by choosing foods relatively low in sodium
and limiting the amount of salt added in food preparation and at the table.

® Alcohol: To reduce the risk for chronic disease, take alcohol only in modera-
tion (no more than two drinks a day), if at all. Avoid drinking any alcohol be-
fore or while driving, operating machinery, taking medications, or engaging in
any other activity requiring judgment. Avoid drinking alcohol while pregnant.

Other Issues for Some People:

® Fluoride: Community water systems should contain fluoride at optimal levels
for prevention of tooth decay. If such water is not available, use other appro-
priate sources of fluoride.

® Sugars: Those who are particularly vulnerable to dental caries (cavities), espe-
cially children, should limit their consumption and frequency of use of foods
high in sugars.

® Calcium: Adolescent girls and adult women should increase consumption of
foods high in calcium, including low-fat dairy products.

® Iron: Children, adolescents, and women of childbearing age should be sure to
consume foods that are good sources of iron, such as lean meats, fish, certain
beans, and iron-enriched cereals and whole grain products. This issue is of
special concern for low-income families. ’
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Table 2
Estimated Total Deaths and Percent of Total Deaths for the
10 Leading Causes of Death: United States, 1987

Percent

of Total

Rank Cause of Death Number Deaths
ja Heart diseases 759,400 35.7
(Coronary heart disease) (511,700) (24.1)

(Other heart disease) (247,700) (11.6)
2a Cancers 476,700 22.4
3a Strokes 148,700 7.0
4b Unintentional injuries 92,500 4.4
(Motor vehicle) (46,800) 2.2)

(All others) (45,700) 2.2)
5 Chronic obstructive lung diseases 78,000 3.7
6 Pneumonia and influenza 68,600 3.2
7a Diabetes mellitus 37,800 1.8
8 Suicide 29,600 1.4
9b Chronic liver disease and cirrhosis 26,000 1.2
10a Atherosclerosis 23,100 1.1
All causes 2,125,100 100.0

aCauses of death in which diet plays a part.
bCauses of death in which excessive alcohol consumption plays a part.

Source: National Center for Health Statistics, Monthly Vital Statistics Report, vol. 37, no.
1, April 25, stics Report, vol. 37, no.
1, April 25, 1988.

Although the precise proportion attributable to diet is uncertain, these
eight conditions accounted for nearly 1.5 million of the 2.1 million total
deaths in 1987. Dietary excesses or imbalances also contribute to other
problems such as high blood pressure, obesity, dental diseases, os-
teoporosis, and gastrointestinal diseases. Together, these diet-related con-
ditions inflict a substantial burden of illness on Americans. For example:

® Coronary Heart Disease. Despite the recent sharp decline in the death
rate from this condition, coronary heart disease still accounts for the
largest number of deaths in the United States. More than 1.25 million
heart attacks occur each year (two-thirds of them in men), and more
than 500,000 people die as a result. In 1985, illness and deaths from
coronary heart disease cost Americans an estimated $49 billion in
direct health care expenditures and lost productivity.

® Stroke. Strokes occur in about 500,000 persons per year in the United
States, resulting in nearly 150,000 deaths in 1987 and long-term dis-
ability for many individuals. Approximately 2 million living Americans
suffer from stroke-related disabilities, at an estimated annual cost of
more than $11 billion.
4
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® High Blood Pressure. High blood pressure (hypertension) is a major
risk factor for both heart disease and stroke. Almost 58 million people
in the United States have hypertension, including 39 million who are
under age 65. The occurrence of hypertension increases with age and is
higher for black Americans (of which 38 percent are hypertensive)
than for white Americans (29 percent).

® Cancer. More than 475,000 persons died of cancer in the United States
in 1987, making it the second leading cause of death in this country.
During the same period, more than 900,000 new cases of cancer
occurred. The costs of cancer for 1985 have been estimated to be $22
billion for direct health care, $9 billion in lost productivity due to
treatment or disability, and $41 billion in lost productivity due to
premature mortality, for a total cost of $72 billion.

® Diabetes Mellitus. Approximately 11 million Americans have diabe-
tes, but almost half of them have not been diagnosed. In addition to the
nearly 38,000 deaths in 1987 attributed directly to this condition,
diabetes also contributes to an estimated 95,000 deaths per year from
associated cardiovascular and kidney complications. In 1985, diabetes
was estimated to cost $13.8 billion per year, or about 3.6 percent of
total health care expenses.

® Obesity. Obesity affects approximately 34 million adults ages 20 to 74
years in the United States, with the highest rates observed among the
poor and minority groups. Obesity is a risk factor for coronary heart
disease, high blood pressure, diabetes, and possibly some types of
cancer as well as other chronic diseases.

® Osteoporosis. Approximately 15 to 20 million Americans are affected
by osteoporosis, which contributes to some 1.3 million bone fractures
per year in persons 45 years and older. One-third of women 65 years
and older have vertebral fractures. On the basis of x-ray evidence, by
age 90 one-third of women and one-sixth of men will have suffered hip
fractures, leading to death in 12 to 20 percent of those cases and to
long-term nursing care for many who survive. The total costs of
osteoporosis to the U.S. economy were estimated to be $7 to $10
billion in 1983.

® Dental Diseases. Dental caries and periodontal disease continue to
affect a large proportion of Americans and cause substantial pain,
restriction of activity, and work loss. Although dental caries among
children, as well as some forms of adult periodontal disease, appear to
be declining, the overall prevalence of these conditions imposes a
substantial burden on Americans. The costs of dental care were esti-
mated at $21.3 billion in 1985.
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® Diverticular Disease. Because most persons with diverticular disease
do not have symptoms, the true prevalence of this condition is un-
known. Frequency increases with age, and up to 70 percent of people
between the ages of 40 and 70 may be affected. In 1980, diverticulosis
was accountable for some 200,000 hospitalizations.

In assessing the role that diet might play in prevention of these conditions,
it must be understood that they are caused by a combination (and interac-
tion) of multiple environmental, behavioral, social, and genetic factors.
The exact proportion that can be attributed directly to diet is uncertain.
Although some experts have suggested that dietary factors overall are
responsible for perhaps a third or more of all cases of cancer, and similar
estimates have been made for coronary heart disease, such suggestions are
based on interpretations of research studies that cannot completely dis-
tinguish dietary from genetic, behavioral, or environmental causes.

We know, for example, that cigarette smoking exerts a powerful influence
on the occurrence of both coronary heart disease and some types of cancer.
We also know that some people are genetically predisposed to coronary
heart disease, stroke, and diabetes and that the interaction of genetic
predisposition with dietary patterns is an important determinant of individ-
ual risk. For these reasons, it is not yet possible to determine the propor-
tion of chronic diseases that could be reduced by dietary changes. None-
theless, it is now clear that diet contributes in substantial ways to the
development of these diseases and that modification of diet can contribute
to their prevention. The magnitude of the health and economic cost of diet-
related disease suggests the importance of the dietary changes suggested.
This Report reviews these issues in detail.

Nature of the Evidence

Whereas centuries of clinical observations and decades of basic and
clinical research prove that dietary deficiencies of single, identifiable nu-
trients can cause disease, research on the relationship of dietary excesses
and imbalances to chronic disease yields results that rarely provide such
direct proof of causality. Instead, investigators must piece together various
kinds of information from several kinds of sources. Nevertheless, the
quantity of current animal, laboratory, clinical, and epidemiologic evi-
dence that associates dietary excesses and imbalances with chronic dis-
ease is substantial and, when evaluated according to established princi-
ples, compelling.

Scientists must often draw inferences about the relationships between
dietary factors and disease from laboratory animal studies or human meta-

6
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bolic and population studies that approach the issues indirectly. Data
sources for such human studies include clinical and laboratory measure-
ments of physiologic indicators of nutritional status or risk factors, as well
as dietary intake data estimated for populations or individuals. Epi-
demiologic studies using these data compare dietary intake and disease
rates in different countries or in defined groups within the same country.

Interpretations of animal studies are limited by uncertainties about their
applicability to people. Clinical, laboratory, and dietary intake studies can
provide useful information, but each has limitations. Currently available
clinical and laboratory measurements reveal only a small part of the
complex physiological responses to diet, and they may reflect past rather
than current nutritional status. Dietary surveys depend on accurate recall
of the types and portion sizes of consumed foods as well as on the assump-
tion that the food intake during any one period represents typical intake.
Reported intake, however, is not always accurate, and intake reported for
a given period may differ significantly from that typical of longer time
periods. Dietary intake data provide useful indicators for populations, but
even when an association or correlation between a dietary factor and a
disease is observed, it is often difficult to prove that the dietary factor is an
actual or sole cause of that disease.

This difference between association and causation is basic to understand-
ing the scientific evidence that links diet to chronic disease. Uncertainties
in the ability to determine causation have sometimes made it difficult to
achieve consensus on appropriate public health nutrition policies. Estab-
lished principles require evaluation of the supporting evidence for a given
association between a dietary factor and a disease on the basis of its
consistency, strength, specificity, and biological plausibility. The evidence
showing that dietary intake of saturated fat raises blood cholesterol, which
in turn increases the chance of coronary heart disease, illustrates this
point. The similarity in results from laboratory, clinical, and epidemiologic
research, the apparent relationship between dose and effect in these stud-
ies, the observations that the increase in blood cholesterol level is specific
to saturated fatty acids but not to other types, and the biological plausibility
of explanations for the observations, when taken together, provide consid-
erable support for concluding that the association is causal, at least for
some individuals.

For some of the other diseases reviewed in this Report, the available
evidence is less complete and less consistent. Nevertheless, much evi-
dence supports credible associations between a dietary pattern of excesses
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and imbalances and several important chronic diseases. These associa-
tions, in turn, suggest that the overall health of Americans could be
improved by a few specific but fundamental dietary changes.

Key Findings and Recommendations

Even though the results of various individual studies may be inconclusive,
the preponderance of the evidence presented in the Report’s comprehen-
sive scientific review substantiates an association between dietary factors
and rates of chronic diseases. In particular, the evidence suggests strongly
that a dietary pattern that contains excessive intake of foods high in
calories, fat (especially saturated fat), cholesterol, and sodium, but that is
low in complex carbohydrates and fiber, is one that contributes signifi-
cantly to the high rates of major chronic diseases among Americans. It also
suggests that reversing such dietary patterns should lead to a reduced
incidence of these chronic diseases.

This Surgeon General’s Report on Nutrition and Health provides a com-
prehensive review of the most important scientific evidence in support of
current Federal nutrition policy as stated in the Dietary Guidelines for
Americans. These Guidelines, issued jointly by the Department of Agri-
culture and the Department of Health and Human Services, recommend:

@ Eat a variety of foods.

@ Maintain desirable weight.

® Avoid too much fat, saturated fat, and cholesterol.

e Eat foods with adequate starch and fiber.

@ Avoid too much sugar.

® Avoid too much sodium.

o If you drink alcoholic beverages, do so in moderation.

Evidence presented in this Report expands the focus of these seven guide-
lines and provides considerable insight into priorities. Clearly emerging as
the primary priority for dietary change is the recommendation to reduce
intake of total fats, especially saturated fat, because of their relationship to
development of several important chronic disease conditions. Because
excess body weight is a risk factor for several chronic diseases, mainte-
nance of desirable weight is also an important public health priority.
Evidence further supports the recommendation to consume a dietary
pattern that contains a variety of foods, provided that these foods are
generally low in calories, fat, saturated fat, cholesterol, and sodium.
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Taken together, the recommendations in this Report promote a dietary
pattern that emphasizes consumption of vegetables, fruits, and whole grain
products—foods that are rich in complex carbohydrates and fiber and
relatively low in calories—and of fish, poultry prepared without skin, lean
meats, and low-fat dairy products selected to minimize consumption of
total fat, saturated fat, and cholesterol.

The evidence presented in this Report suggests that such overall dietary
changes will lead to substantial improvements in the nutritional quality of
the American diet. Consuming a higher proportion of calories from fruits,
vegetables, and grains may lead to a modest reduction in protein intake for
some people, but this reduction is unlikely to impair nutritional status.
Average levels of protein consumption in the United States, 60 grams per
day for women and 90 grams per day for men, are well above the National
Research Council’s recommendations of 44 and 56 grams per day, respec-
tively.

The evidence also suggests that most Americans generally need not con-
sume nutrient supplements. An estimated 40 percent of Americans con-
sume supplemental vitamins, minerals, or other dietary components at an
annual cost of more than $2.7 billion. Although nutrient supplements are
usually safe in amounts corresponding to the Recommended Dietary Al-
lowances (and such Allowances are set to ensure that the nutrient needs of
practically all the population are met), there are no known advantages to
healthy people consuming excess amounts of any nutrient, and amounts
greatly exceeding recommended levels can be harmful. For example, some
nutrients such as selenium have a narrow range of safe level of intake.
Toxicity has been reported for most minerals and trace elements, as well as
some vitamins, indicating that excessive supplementation with these sub-
stances can be hazardous.

Finally, some recommendations for dietary change apply broadly to the
general public whereas others apply only to specific population groups.
These major findings and recommendations of The Surgeon General’s
Report on Nutrition and Health are noted below.

Issuaes for Most People

® Fats and cholesterol: Reduce consumption of fat (especially saturated fat)
and cholesterol. Choose foods relatively low in these substances, such as
vegetables, fruits, whole grain foods, fish, poultry, lean meats, and low-
fat dairy products. Use food preparation methods that add little or no
fat.
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High intake of total dietary fat is associated with increased risk for obesity,
some types of cancer, and possibly gallbladder disease. Epidemiologic,
clinical, and animal studies provide strong and consistent evidence for the
relationship between saturated fat intake, high blood cholesterol, and
increased risk for coronary heart disease. Conversely, reducing blood
cholesterol levels reduces the risk for death from coronary heart disease.
Excessive saturated fat consumption is the major dietary contributor to
total blood cholesterol levels. Dietary cholesterol raises blood cholesterol
levels, but the effect is less pronounced than that of saturated fat. While
polyunsaturated fatty acid consumption, and probably monounsaturated
fatty acid consumption, lowers total blood cholesterol, the precise effects
of specific fatty acids are not well defined.

Dietary fat contributes more than twice as many calories as equal quanti-
ties (by weight) of either protein or carbohydrate, and some studies indi-
cate that diets high in total fat are associated with higher obesity rates. In
addition, there is substantial, although not yet conclusive, epidemiologic
and animal evidence in support of an association between dietary fat intake
and increased risk for cancer, especially breast and colon cancer. Similar-
ly, epidemiologic studies suggest an association between gallbladder dis-
ease, excess caloric intake, high dietary fat, and obesity. More precise
conclusions about the role of dietary fat await the development of im-
proved methods to distinguish among the contributions of the high-calorie,
high-fat, and low-fiber components of current American daietary patterns.

At present, dietary fat accounts for about 37 percent of the total energy
intake of Americans—well above the upper limit of 30 percent recom-
mended by the American Heart Association and the American Cancer
Society, and above the percent consumed by many societies, such as
Mediterranean countries, Japan, and China, for example, where coronary
heart disease rates are much lower than those observed in the United
States. Consumption of saturated fat and cholesterol is also substantially
higher among many Americans than levels recommended by several expert

groups.

The major dietary sources of fat in the American diet are meat, poultry,
fish, dairy products, and fats and oils. Animal products tend to be higher in
both total and saturated fats than most plant sources. Although some plant
fats such as coconut and palm kernel oils also contain high proportions of
saturated fatty acids, these make minor contributions to total intake of
saturated fats in the United States. Dietary cholesterol is found only in
foods of animal origin, such as eggs, meat, poultry, fish, and dairy prod-

10
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ucts. To help reduce consumption of total fat, especially saturated fat and
cholesterol, food choices should emphasize intake of fruits, vegetables,
and whole grain products and cereals. They should also emphasize con-
sumption of fish, poultry prepared without skin, lean meats, and low-fat
dairy products. Among vegetable fats, those that are more unsaturated are
better choices.

® Energy and weight control: Achieve and maintain a desirable body
weight. To do so, choose a dietary pattern in which energy (caloric)
intake is consistent with energy expenditure. To reduce energy intake,
limit consumption of foods relatively high in calories, fats, and sugars
and minimize alcohol consumption. Increase energy expenditure
through regular and sustained physical activity.

People are considered overweight if their body mass index, or BMI (a ratio
of weight to height described in the Report), exceeds the 85th percentile for
young American adults (approximately 120 percent of desirable body
weight); they are considered severely overweight if their BMI exceeds the
95th percentile (approximately 140 percent of desirable body weight).
Overweight individuals are at increased risk for diabetes mellitus, high
blood pressure and stroke, coronary heart disease, some types of cancer,
and gallbladder disease. Epidemiologic and animal studies have shown
consistently that overall risk for death is increased with excess weight,
with risk increasing as severity of obesity increases.

Type II (noninsulin-dependent) diabetes mellitus accounts for approxi-
mately 90 percent of all cases of diabetes and is strongly associated with
obesity. Clinical studies indicate that weight loss can improve control of
Type 1I diabetes.

Obesity increases the risk for high blood pressure, and consequently for
stroke; it also increases blood cholesterol levels associated with coronary
heart disease. In addition, it appears to be an independent risk factor for
coronary heart disease. Weight reduction has been shown to reduce high
blood pressure and high blood cholesterol. Most obese individuals who
achieve a more desirable body weight improve their cholesterol profile,
achieving a decrease in both total blood cholesterol and LDL (low density
lipoprotein) cholesterol.

Some studies have found an association between overweight and increased

risk for several cancers, especially cancer of the uterus and breast. In
addition, overweight increases the risk for gallbladder disease.

11
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More than a quarter of American adults are overweight. Black women age
45 and above have the highest prevalence, about 60 percent. Although
evidence suggests a genetic component to the tendency of many people to
become overweight, patterns of dietary caloric intake and energy expendi-
ture play akey role. Sustained and long- term efforts to reduce body weight
can best be achieved as a result of improving energy balance by reducing
energy consumption and raising energy expenditure through physical ac-
tivity and exercise.

Maintenance of desirable body weight throughout the lifespan requires a
balance between energy (calorie) intake and expenditure. Weight control
may be facilitated by decreasing energy intake, especially by choosing
foods relatively low in calories, fats, and sugars, and by minimizing alcohol
consumption. Energy expenditure can be enhanced through regular phys-
ical activities such as daily walks or by jogging, bicycling, or swimming at
least three times a week for at least 20 minutes.

® Complex carbohydrates and fiber: Increase consumption of whole grain
foods and cereal products, vegetables (including dried beans and peas),
and fruits.

Dietary patterns emphasizing foods high in complex carbohydrates and
fiber are associated with lower rates of diverticulosis and some types of
cancer. The association shown in epidemiologic and animal studies be-
tween diets high in complex carbohydrates and reduced risk for coronary
heart disease and diabetes mellitus is, however, difficult to interpret. The
fact that such diets tend also to be lower in energy and fats, especially
saturated fat and cholesterol, clearly contributes to this difficulty. Some
evidence from clinical studies also suggests that water-soluble fibers from
foods such as oat bran, beans, or certain fruits are associated with lower
blood glucose and blood lipid levels. Consuming foods with dietary fiber is
usually beneficial in the management of constipation and diverticular
disease.

While inconclusive, some evidence also suggests that an overall increase in
intake of foods high in fiber might decrease the risk for colon cancer.
Among several unresolved issues is the role of the various types of fiber,
which differ in their effects on water-holding capacity, viscosity, bacterial
fermentation, and intestinal transit time.

Other food components associated with decreased cancer risk are com-

monly found in diets high in whole grain cereal products containing com-
plex carbohydrates and fiber. In addition, some epidemiologic evidence

12
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suggests that frequent consumption of vegetables and fruits, particularly
dark green and deep yellow vegetables and cruciferous vegetables (such as
cabbage and broccoli), may lower risk for cancers of the lung and bladder
as well as some cancers of the alimentary tract. However, the specific
components in these foods that may have protective effects have not yet
been established. Current evidence suggests the prudence of increasing
consumption of whole grain foods and cereals, vegetables (including dried
beans and peas), and fruits.

® Sodium: Reduce intake of sodium by choosing foods relatively low in
sodium and limiting the amount of salt added in food preparation and at
the table.

Studies indicate a relationship between a high sodium intake and the
occurrence of high blood pressure and stroke. Salt contains about 40
percent sodium by weight and is used widely in the preservation, process-
ing, and preparation of foods. Although sodium is necessary for normal
metabolic function, it is consumed in the United States at levels far beyond
the 1.1 to 3.3 grams per day found to be as safe and adequate for adults by
the National Research Council. Average current sodium intake for adults
in the United States is in the range of 4 to 6 grams per day.

Blacks and persons with a family history of high blood pressure are at
greater risk for this condition. While some people maintain normal blood
pressure levels over a wide range of sodium intake, others appear to be
“salt sensitive™ and display increased blood pressure in response to high
sodium intakes.

Although not all individuals are equally susceptible to the effects of so-
dium, several observations suggest that it would be prudent for most
Americans to reduce sodium intake. These include the lack of a practical
biological marker for individual sodium sensitivity, the benefit to persons
whose blood pressures do rise with sodium intake, and the lack of harm
from moderate sodium restriction.

Processed foods provide about a third or more of dietary sodium. Because
about another third of the sodium consumed by Americans is added by the
consumer, much can be done to reduce sodium consumption by using less
salt at the table and substituting alternative flavoring such as herbs, spices,
and lemon juice in the preparation of foods. In addition, choices can be
made of foods modified to lower sodium content and less frequent choices
could be made of foods to which sodium is added in processing and
preservation.

13



~
Med Nutrition and Health

® Alcohol: To reduce the risk for chronic disease, take alcohol only in
moderation (no more than two drinks a day), if at all. Aveid drinking any
alcohol before or while driving, operating machinery, taking medica-
tions, or engaging in any other activity requiring judgment. Avoid
drinking alcohol while pregnant,

Alcohol is a drug that can produce addiction in susceptible individuals,
birth defects in some children born to mothers who drink alcohol during
pregnancy, impaired judgment, impaired ability to drive automobiles or
operate machinery, and adverse reactions in people taking certain medica-
tions. In addition, alcohol abuse has been associated with disrupted family
functioning, suicides, and homicides.

Excessive use of alcohol is also associated with liver disease, some types of
cancer, high blood pressure, stroke, and disorders of the heart muscle.
Extensive epidemiologic and clinical evidence has identified alcohol con-
sumption as the principal cause of liver cirrhosis in the United States, at
least in part as a result of the direct toxic effects of alcohol on the liver.
Smoking and alcohol appear to act synergistically to increase the risk for
cancers of the mouth, larynx, and esophagus. Less conclusive and some-
what conflicting evidence suggests a role of alcohol in other types of
cancers such as those of the liver, rectum, breast, and pancreas.

Studies indicate a direct association between increased blood pressure and
the consumption of alcohol at levels beyond about two drinks® daily.
Extremely excessive alcohol consumption is associated with cardiomyop-
athy. Alcohol consumption by the mother during pregnancy has also been
associated with fetal malformations.

Although consumption of up to two drinks per day has not been associated
with disease among healthy men and nonpregnant women, surveys suggest
that at least 9 percent of the total population consumes two or more drinks
per day and those in this group need to reduce their aicohol consumption. A
threshold level of safety for alcohol intake during pregnancy has not been
established. Thus, pregnant women and women who may become preg-
nant should avoid drinking alcohol.

aOne drink is defined as a 12 ounce beer, a 5 ounce glass of wine, or 1% fluid ounces (one
jigger) of distilled spirits, each of which contains about 1 ounce of alcohol.

14
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Other Issues for Some People

® Fluoride: Community water systems should contain fluoride at optimal
levels for prevention of tooth decay. If such water is not available, use
other appropriate sources of fluoride.

The most efficient means of making fluoride available to the general public
to reduce dental disease is through drinking water. Numerous epidemio-
logic and clinical studies have attested to the efficacy, safety and cost-
effectiveness of systemic fluoride in the prevention of tooth decay. Life-
time use of water containing an optimal fluoride concentration of approxi-
mately 1 part per million has been shown to reduce the prevalence of dental
caries by more than 50 percent. Water fluoridation is considered one of the
most successful public health efforts introduced in the United States.

For children living in areas with inadequate concentrations of fluoride in
the water, supplementary fluoride sources should be used at dosages that
depend on the fluoride content of the local water supply and the age of the
child. The effectiveness of prenatal fluoride administration, however, is
uncertain because clinical studies of its effects on subsequent caries inci-
dence have been equivocal. Excessive fluoride should be avoided because
it may cause mottling of developing teeth.

® Sugars: Those who are particularly vulnerable to dental caries (cavities),
especially children, should limit their consumption and frequency of use
of foods high in sugars.

Although genetic, behavioral, and other dietary factors also influence
dental health, the major role of sugars in promotion of tooth decay is well
established from animal, epidemiologic, clinical, and biochemical studies.
Newly erupting teeth are generally more vulnerable to decay than mature
teeth.

Research has shown that three conditions must exist for the formation of
dental caries: the presence of fermentable carbohydrate, acid-producing
bacteria, and a susceptible tooth. Caries-producing bacteria metabolize a
range of sugars (glucose, fructose, maltose, lactose, and sucrose) to acids
that demineralize teeth. The unique role of sucrose (common table sugar)
in dental caries is related to its special ability to be converted by these
bacteria into long, complex molecules that adhere firmly to teeth and form
plaque.
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The most important diet-related interventions are fluoridation of drinking
water, or the use of other means of fluoride administration, and control of
intake of sugars. While fluoride is the most important factor overall in
dental caries prevention, reduction in the frequency of consumption and in
the quantity of sugar-rich foods in the diet will also help reduce decay.
Sticky sweet foods that adhere to the teeth are more cariogenic than those
that wash off quickly. The longer cariogenic foods remain in the mouth, the
more they are likely to increase the initiation and progression of tooth
decay.

® Calcium: Adolescent girls and adult women should increase consumption
of foods high in calcium, including low-fat dairy products.

Inadequate dietary calcium consumption in the first three to four decades
of life may be associated with increased risk for osteoporosis in later life.
Osteoporaosis, a chronic disease characterized by progressive loss of bone
mass with aging, occurs in both women and men, although postmenopausal
women are twice as likely as men to have severe osteoporosis with conse-
quent bone fractures. Evidence shows that chronically low calcium intake,
especially during adolescence and early adulthood, may compromise de-
velopment of peak bone mass. In postmenopausal women, the group at
highest risk for osteoporosis, estrogen replacement therapy under medical
supervision is the most effective means to reduce the rate of bone loss and
risk for fractures. Maintenance of adequate levels of physical activity and
cessation of cigarette smoking have also been associated with reduced
osteoporosis risk.

Although the precise relationship of dietary calcium to osteoporosis has
not been elucidated, it appears that higher intakes of dietary calcium could
increase peak bone mass during adolescence and delay the onset of bone
fractures later in life. Thus, increased consumption of foods rich in calcium
may be especially beneficial for adolescents and young women. Food
sources of calcium consistent with other dietary recommendations in this
Report include low-fat dairy products, some canned fish, certain vegeta-
bles, and some calcium-enriched grain products.

® Iron: Children, adolescents, and women of childbearing age should be
sure to consume foods that are good sources of iron, such as lean meats,
fish, certain beans, and iron-enriched cereals and whole grain products.
This issue is of special concern for low-income families.

Dietary iron deficiency is responsible for the most prevalent form of
anemia in the United States. Iron deficiency hampers the body’s ability to
produce hemoglobin, a substance needed to carry oxygen in the blood. A
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principal consequence of iron deficiency is reduced work capacity, al-
though depressed immune function, changes in behavior, and impaired
intellectual performance may also result. Because of the serious conse-
quences of iron deficiency, continual monitoring of the iron status of
individuals at high risk—particularly children from low-income families,
adolescents, and women of childbearing age—is vital, as is treatment of
those identified to be iron deficient.

Proper infant feeding—preferably breastfeeding, otherwise use of iron-
fortified formula—is the most important safeguard against iron deficiency
in infants. Among adolescents and adults, iron intake can be improved by
increasing consumption of iron-rich foods such as lean meats, fish, certain
kinds of beans, and iron-enriched cereals and whole grain products. Also,
consuming foods that contain vitamin C increases the likelihood that iron
will be absorbed efficiently.

Policy Implications
Dietary Guidance

General Public

Educating the public about the dietary choices most conducive to preven-
tion and control of certain chronic diseases is essential. Educational efforts
should begin in primary school and continue throughout the secondary
grades, and should focus on the dietary principles outlined in this Report—
the potential health benefits of eating a diet that is lower in fat (especially
saturated fat) and rich in complex carbohydrates and fiber. The importance
of adequate physical activity should also be stressed. Efforts should con-
tinue throughout each stage of life to promote the principles outlined in the
Dietary Guidelines for Americans.

Special Populations

A disproportionate burden of diet-related disease is borne by subgroups in
our population. Black Americans, for example, have higher rates of high
blood pressure, strokes, diabetes, and other diseases associated with
obesity (but lower rates of osteoporosis) than the general population. Some
groups of Native Americans exhibit the highest rates of diabetes in the
world. Pregnant and lactating women also have special nutritional needs.
Particular effort should be made to identify and remove the barriers to
optimal health and nutritional status in such high-risk groups, using meth-
ods that take into consideration their diverse cultural backgrounds.

17
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Many older persons suffer from chronic diseases that can reduce functional
independence; many take multiple medications that may adversely interact
with nutrients. Sound public education directed toward this group—and
professional education directed toward individuals who care for older
Americans—should focus on dietary means to reduce risk factors for
chronic disease, to promote functional independence, and to prevent ad-
verse consequences of use of medications.

Health Professionals

Improved nutrition training of physicians and other health professionals is
needed. Training should emphasize basic principles of nutrition, the role of
diet in health promotion and disease prevention, nutrition assessment
methodologies and their interpretation, therapeutic aspects of dietary in-
tervention, behavioral aspects of dietary counseling, and the role of dieti-
tians and nutritionists in dietary counseling of patients.

Programs and Services

Food Labels

Food labeling offers opportunities to inform people about the nutrient
content of foods so as to facilitate dietary choices most conducive to
health. Food manufacturers should be encouraged to make full use of
nutrition labels. Labels of processed foods should state the content of
calories, protein, carbohydrate, fats, cholesterol, sodium, and vitamins
and minerals. To the extent permitted by analytical methods, manufactur-
ers should disclose information where appropriate on the content of satu-
rated and unsaturated fatty acids and total fiber in foods that normally
contain them. Descriptive terms such as “low calorie” and “sodium re-
duced” in compliance with the Food and Drug Administration’s regula-
tions for food labeling may also be helpful, and the expanded use of these
terms should be encouraged.

Nutrition Services

Health care programs for individuals of all ages should include nutrition
services such as, when appropriate, nutrition counseling for individuals or
groups, interpretation and implementation of prescribed therapeutic diets
tailored to individual food preferences and lifestyle, referral to appropriate
community services and food assistance programs, monitoring of prog-
ress, and appropriate followup. These services should routinely incorpo-
rate assessment of nutritional status and needs based on established crite-
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ria to identify individuals with nutritional risk factors who would profit
from preventive measures and those with nutritional disorders who need
remedial care.

Food Services

Lack of access to an appropriate diet should not be a health problem for any
American. Wherever food is served to people or provided through food
assistance programs, it should reflect the principles of good nutrition stated
in this Report. Whether served in hospitals, schools, military installations,
soup kitchens, day care centers, or nursing homes, or whether delivered to
homes, food service programs offer important opportunities for improving
health and providing dietary education. Such programs should pay special
attention to the nutritional needs of older people, pregnant women, and
children, especially those of low income or other special dietary needs.
Because a large proportion of the population takes meals in restaurants and
convenience food facilities, improvements in the overall nutritional bal-
ance of the meals served in such places can be expected to contribute to
health benefits.

Food service programs should also take particular care to ensure that
special diets lower in fat, especially saturated fat, are provided to people
with elevated blood cholesterol, heart disease, or diabetes; that diets low in
sodium are provided to individuals with high blood pressure; and that
protein-restricted diets are made available to people with end-stage kidney
disease.

Food Products

The public would benefit from increased availability of foods and food
products low in calories, total fat, saturated fat, cholesterol, sodium, and
sugars, but high in a variety of natural forms of fiber and, perhaps, certain
minerals and vitamins. Food manufacturers can contribute to improving
the quality of the American diet by increasing the availability of palatable,
easily prepared food products that will help people to follow the dietary
principles outlined here. Because the public is becoming increasingly
conscious of the role of nutrition in health, development of such products
should also benefit the food industry.

Research and Surveillance

Impressive evidence already links nutrition to chronic disease. However,
much more information is needed to continue to identify changes in the
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national diet that will lead to better health for the Nation. Gaps in our
knowledge of nutrition suggest future research and surveillance needs.
Examples are:

® The role of specific dietary factors in the etiology and prevention of
chronic diseases.

® The childhood dietary pattern that will best prevent later development
of chronic diseases.

@ The effects of maternal nutrition on the health of the developing fetus.
@ The nutrient and energy requirements of older adults.
® How nutrient requirements translate into healthful dietary patterns.

® The development of biochemical markers of dietary intake to monitor
better the effects of dietary intervention.

@ The identification of effective educational methods to translate dietary
recommendations into appropriate food choices.

® The establishment of a nutrition surveillance system that will enhance
the monitoring of population-specific and State-specific trends in the
occurrence of nutrition-related risk factors and conditions.
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Chapter 1

Introduction and Background

Power of nutriment reaches to bone and to
all the parts of bone, to sinew, to vein, to
artery, to muscle, to membrane, to flesh,
fat, blood, phlegm, marrow, brain, spinal

marrow, the intestines, and all their parts; it
reaches also to heat, breath, and moisture.
Hippocrates (460-377 B.C.)

Introduction

It has long been understood that optimal health depends on adequate
nutrition, yet knowledge of the ways in which specific dietary factors affect
the risk for disease is incomplete. Dietary deficiencies can be manifested in
various ways. A deficient intake of energy or nutrients can lead to protein-
energy malnutrition or to classic deficiency diseases such as rickets, pel-
lagra, or iron deficiency anemia. Protein-energy malnutrition and diseases
due to deficiencies of various nutrients are prominent causes of premature
death and disability in developing countries but, with a few exceptions,
appear to have been eliminated in the United States.

When nutrient deficiencies are reported in this country, they are most often
observed to be associated with poverty, the additional nutrient require-
ments of pregnancy or infancy (IOM 1985), the abuse or neglect of children
or older persons, or some combination of these factors. They also are
observed to result from the restricted food intake that sometimes accom-
panies aging, alcohol or drug abuse, unusually severe and prolonged injury
or illness (including prolonged hospitalization), excessive dieting, or re-
strictive dietary practices. Thus, pregnant women, young infants, chil-
dren, older persons, alcohol and drug abusers, and chronically ill and
disabled individuals are at greatest risk for malnutrition due to dietary
deficiencies, especially if their income is low. Whatever its root cause,
inadequate nutrition retards normal growth, lowers resistance to infectious
disease, impairs maternal and child health, and may adversely affect the
ability to function at peak physical and mental capacity. These issues are
discussed in detail in the relevant chapters of this Report.
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As problems of nutritional deficiency have diminished in the United States,
they have been replaced by problems of dietary imbalance and excess.
These imbalances and excesses have contributed to the increased preva-
lence and severity of chronic diseases that are major causes of death and
disability among Americans. Table 1-1 lists the 10 leading causes of death
in this country. Among them, five—coronary heart disease and generalized
atherosclerosis, stroke, some types of cancer, and diabetes—have been
associated with dietary excesses or imbalances, and another three—cir-
rhosis of the liver, accidents, and suicides—are often the result of exces-
sive alcohol intake. Together, these conditions account for as much as 70
percent of annual deaths among Americans (Collins 1986; NCHS 1986).
Dietary excesses or imbalances also have been associated with high blood
pressure, obesity, dental diseases, osteoporosis, and, perhaps, kidney and
gastrointestinal diseases. Such conditions also contribute to much illness,
disability, and death in the United States, and thus to substantial human
and economic costs to society.

Table 1-1
Estimated Total Deaths and Percent of Total Deaths for the
10 Leading Causes of Death: United States, 1987

Percent
of Total

Rank Cause of Death Number Deaths
1a Heart diseases 759,400 35.7
(Coronary heart disease) (511,700) (24.1)
(Other heart disease) (247,700) (11.6)

2a Cancers 476,700 22.4
3a Strokes 148,700 7.0
4b Unintentional injuries 92,500 44
(Motor vehicle) (46,800) 2.2)

(All others) (45,700) 2.2)

5 Chronic obstructive fung diseases 78,000 3.7
6 Pneumonia and influenza 68,600 3.2
7a Diabetes mellitus 37.800 1.8
8b Suicide 29,600 1.4
9b Chronic liver disease and cirrhosis 26,000 1.2
102 Atherosclerosis 23,100 1.1
All causes 2,125,100 100.0

aCauses of death in which diet plays a part.
bCauses of death in which excessive alcohoi consumption plays a part.

Source: National Center for Health Statistics 1988.
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Much about the ways in which excessive intake of energy and nutrients
might affect health remain to be elucidated. Yet despite uncertainties,
much has been learned about diet-disease relationships. This first Surgeon
General’s Report on Nutrition and Health examines the current state of
knowledge of associations among dietary patterns, nutrients, and certain
disease conditions. Its purpose is to review the available research evidence
that relates diet to health to establish a basis for policies that promote
dietary means to improve health.

Development and Organization of the Report

This Surgeon General’s Report on Nutrition and Health has been devel-
oped in response to the increasing interest of the public, health profession-
als, and policy leaders in the role of diet in health promotion and prevention
of chronic disease. In preparing the Report, the Public Health Service
(PHS) reviewed past and current research reiated to diet and disease as a
basis for examination of the implications for public policies on nutrition
education, services, and research.

The Report reviews current knowledge of the influence of dietary factors
on specific aspects of health. This first chapter introduces the major
themes of the Report in their historical context; it also reviews and synthe-
sizes basic information about essential nutrients in the human diet, the
levels of intake required for human health, and American dietary patterns,
and it explains the criteria used to examine the various kinds of research
studies that are reviewed throughout the Report. Chapters 2 through 14
describe the scientific research that has examined associations between
specific dietary factors and selected disease conditions in the United States
(Coronary Heart Disease, High Blood Pressure, Cancer, Diabetes,
Obesity, Skeletal Diseases, Dental Diseases, Kidney Diseases, Gastroin-
testinal Diseases, Infections and Immunity, Anemia, Neurologic Disor-
ders, and Behavior). Chapters 15 (Maternal and Child Nutrition) and 16
(Aging) review the special nutritional challenges at especially vulnerable
stages of the human life cycle. The interactions between nutrients and
alcohol and between nutrients and drugs, and the effects of these sub-
stances on human nutritional status, are reviewed in chapters 17 and 18,
respectively. The Report closes with a final chapter on dietary fads and
frauds.

Most of the chapters follow a common format. Each begins with a brief

introduction and a section entitled Historical Perspective that is designed
to establish a historical context for the area under review. A section on
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Significance for Public Health contains information currently available on
the incidence, prevalence, and cost to the Nation of each of the conditions
under review. Many of the chapters contain a further introductory Scien-
tific Background section that summarizes technical information needed to
understand the research issues reviewed in the Report.

The major part of the chapters is devoted to a review of Key Scientific
Issues that summarizes current knowledge about possible associations
between dietary factors and disease that are most relevant to public policy.
Each chapter closes with a section entitled Implications for Public Health
Policy that summarizes the significance of the research evidence for di-
etary guidance and education, nutrition programs and services, and nutri-
tion research and surveillance. Finally, Literature Cited provides an exten-
sive list of references to support the scientific findings in each chapter.

Historical Perspective

Throughout history, human societies have observed relationships between
the consumption of certain foods and the preservation of good health or the
prevention or treatment of diseases. Although the word “diet” occurs
frequently in writings attributed to Hippocrates and to Galen, the term
“nutrition” did not appear as an English word until the mid-1400’s and was
used infrequently until the second half of the 19th century (Todhunter
1973). The modern concept of nutrition—that human life depends on a
steady intake of a variety of specific dietary substances in defined
amounts—is less than 200 years old.

Development of Nutritional Science

Conditions related to nutritional deficiency, such as beriberi, rickets, or
scurvy, were described in very early writings, but the identification of the
specific dietary factors required to prevent or treat these conditions began
to occur only in the late 18th century and did not approach compietion for
another 150 years. Some of the major events in this gradual development of
nutrition as a science from the earliest records to 1950 are listed in Table
1-2. The chapters of this Report review the great expansion of nutrition
research and knowledge that has occurred since then.

The earliest efforts to establish the scientific basis of nutrition are usually
attributed to the French chemist Lavoisier, who demonstrated in 1789 that
the oxygen breathed in air was consumed in the body to produce carbon
dioxide and water, and that this central metabolic process was measurable,
variable, and related to both the level of physical activity and the amount of
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Table 1-2

Selected Events in the History of Nutritional Science to 1950

. 1500 B.C.
. 400 B.C.
. 300 B.C.
. 200 A.D.

o 60 a6 ©

1250

1614
1650
1730
1747

1752
1780

1789

1796
1807

1810-23
1810

1816
1827

1833

1838
1839
1840

Papyrus Ebers contains prescription believed to refer to diabetes.
Hippocrates wrote of relationship of diet to health.
Beriberi described in ancient Chinese texts.

Arataeus gave the name diabetes to the condition of “too much
passing of urine.”

Joinville described scurvy among troops of Louis IX at the siege
of Cairo.

Sanctorius published studies relating body weight to food intake.
Glisson described rickets in De Rachitide.
Casal described pellagra, calling it “*‘mal de la rosa.”

Lind proved that citrus fruits cure scurvy in first controlled
human dietary experiment. Menghini established presence of iron
in blood.

Reaumur published experiments on digestion in birds.

Spallanzani produced evidence that digestion was the chemical
action of gastric juices.

Lavoisier and Seguin make first measurements relating oxygen
consumption to human energy metabolism. Cod liver oil used as
treatment for rickets.

Lemon juice officially introduced in British Navy to prevent
scurvy.

Davy isolated sodium, potassium, calcium, magnesium, sulphur,
and boron.

Chevreul studied chemistry of animal fats.

Wollaston isolated cystic oxide (later named cystine) from
urine—first amino acid discovered.

Magendie identified dietary nitrogen requirements in dogs.

Prout classified food constituents as saccharine, oily, and
albuminous (sugar, fat, and protein).

Beaumont reported observations and experiments on digestion in
his patient St. Martin.

Mulder introduced the term “protein.”
Boussingault conducts first nitrogen balance studies in animals.

Liebig published Animal Chemistry, stating basic principles of
metabolism.
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Table 1-2 (continued)

1843

1848
1849-57

1850

1850-52
1866-81
1867
1877
1885

1896

1897
1902

1909-28
1912
1914
1916

1918

1919-22
1921-24
1922
1928
1929

1931-37

1932

1933

Chossat studied the effect of starvation on the body using
pigeons.

Addison described pernicious anemia.

Bernard elucidated digestive action of pancreatic juices and
glycogenic function of liver.

Livingstone described xerophthalmia (due to vitamin A
deficiency) in Africa.

Chatin in France used iodine to prevent goiter.
Voit and Pettenkofer explained protein metabolism.
Boussingault recognized iron as essential nutrient.
Pavlov began classic studies on digestion in dogs.

Takaki demonstrated in controlled dietary experiments with
Japanese Navy sailors that beriberi could be prevented.

Atwater and Bryant introduced their basic reference, Chemical
Composition of American Food Materials.

Eijkman published his work on causes of beriberi.

Rubner showed that food components increased metabolism by
different amounts.

Osborne and Mendel studied the nutritive value of protein.
Funk coined the term “vitamine.”
Goldberger established dietary cause of pellagra.

McColium and Davis and Osborne and Mendel discovered
accessory dietary factors “fat-soluble A” and “water-soluble B.™

Mellanby showed that experimental rickets in dogs is due to lack
of fat-soluble vitamin.

Water-soluble B factor shown to be more than one factor.
Blindness in children shown to be result of lack of vitamin A.
McCollum identified vitamin D in cod liver oil.

Goldberger identified pellagra-preventing factor in yeast.

Role of intrinsic and extrinsic factors in pernicious anemia
discovered.

Fluoride content of drinking water identified as cause of mottled
enamel of teeth and prevention of tooth decay.

Vitamin C isolated from lemon juice. Warburg and Christian
identified riboflavin and defined its molecular function.

Williams identified kwashiorkor as a nutritional disease.
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Table 1-2 (continued)

1938 Rose classified amino acids as essential and nonessential.

1941 Evidence provided for the influence of prenatal diet on the health
of the newborn infant.

194446 Keys and coworkers studied effects on young men of
experimentally induced semistarvation and methods of dietary
rehabilitation.

1945 Grand Rapids. Michigan, becomes the first city in the world to
fluoridate its drinking water to prevent tooth decay.
1948-49 Crystalline vitamin B, isolated from liver extract and shown to
contain cobalt.
1949 Framingham Study of coronary heart disease risk factors begins.
Sources: Darby 1985; McCollum 1957; Murlin 1948; Olson 1978; Todhunter 1962, 1973,
1976.

food ingested (Lusk 1933). In the 19th century, European and American
scientists isolated and began to identify the major groups of nutrients in the
diet, to develop the first estimates of nutrient requirements, and to explore
the basics of energy metabolism. For example, in 1816, Magendie of
France established that nitrogen-containing compounds were essential in
the diet of dogs; in 1838, these compounds were given the name protein
(from the French word for “primary substance”). In 1814, the French
chemist Chevreul discovered that fats consisted of fatty acids attached to a
glycerol molecule. By 1834, the London physician Prout was able to
introduce the idea that food consists of substances called saccharine, oily,
and albuminous—today called carbohydrates, fats, and proteins
(Todhunter 1959). Later in the century, Rubner of Germany and Atwater of
the United States established the energy values of these substances as
approximately 4, 9, and 4 kcal/g, respectively (McCollum 1957).

Thus, from the time of Lavoisier to the end of the 19th century, knowledge
of nutritional science grew to encompass the metabolic basis of energy
production from food, the classification of nutrients and sources of energy,
the dependence of energy requirements on physical activity, the influence
of diet on body weight and of fevers on metabolism of food substances, the
principles of metabolic homeostasis, and the roles of specific essential
nutrients in human physiology (Murlin 1948). During this period, lemon
juice was found to prevent scurvy, iodine to prevent goiter, and in-
completely milled rice to prevent beriberi. Despite these advances, the
most fundamental concepts about nutrition were still poorly developed at
the beginning of the 20th century. It was not until the first half of this
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century that scientists identified human nutritional requirements, charac-
terized the nutritional value of proteins, and identified the amino acids,
vitamins, fatty acids, and minerals essential in the human diet (Todhunter
1976). For example, Osborne and Mendel of Yale University elucidated the
differences between complete and incomplete proteins during the first
decades of this century. Later, Rose of the University of Illinois estab-
lished which of the amino acids were essential and estimated how much of
each was required each day.

The diseases of scurvy, beriberi, rickets, and pellagra had been described
in very early writings, but their specific causes were not identified until
after 1900. In 1906, Hopkins of Cambridge University suggested that food
contained certain accessory factors necessary for prevention of these
conditions. In 1912, Funk named these factors “vitamines,” later called
vitamins as more was learned about their chemical structure (Rosen 1958).

Early in the century, the dietary cause of pellagra was established by
Goldberger, a PHS physician, and fat- and water-soluble vitamins were
isolated and characterized (McCollum 1957). Also during this period,
kwashiorkor was identified as a nutritional disease and the importance of
prenatal diet on the health of newborn infants began to be appreciated
(Darby 1985). Over the next three decades, all of the vitamins were
identified, starting with the isolation of a fat-soluble substance in egg yolk
by McCollum at the University of Wisconsin, now known as vitamin A,
and continuing with the discoveries of folic acid, vitamin B,,, and other B
vitamins in the 1930’s and 1940°s (McCollum 1957). The essential nature of
trace elements such as selenium and zinc were finally recognized in the
1950’s and 1960°s (Darby 1985).

After World War 11, the major focus of attention in nutrition began to shift
away from acute nutrient deficiency diseases. The advent of improved
transportation systems and home refrigeration and frozen foods expanded
the year-round availability of fresh and wholesome foods, and food for-
tification helped to increase the availability of previously scarce nutrients.
At the same time, vaccines, antibiotics, and other advances in medicine
and health prevented and controlled many of the infectious diseases that
had previously shortened the human lifespan. Thus, chronic degenerative
diseases became more important as causes of illness and death. Nutrition
scientists began to examine the relationship of modern dietary patterns and
practices to these chronic diseases—cardiovascular disease, cancer, and
diabetes, for example—that were becoming increasingly prevalent among
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Americans in middle and late life, and attention shifted to the effects of
specific nutrients and dietary factors on the long, slow development of
these conditions.

Evolution of Federal Nutrition Policy

As knowledge developed in the nutrition sciences and on the health effects
of food, and as food availability and consumption patterns became more
apparent, nutrition assumed an increasingly visible role in public policy.
By 1979, the Federal Government was involved in efforts to ensure an
adequate, safe, and nutritious food supply for Americans through spon-
sorship of more than 350 programs in key areas of nutrition policy: agricul-
tural support, food safety and regulation, food fortification, food assis-
tance, nutrition services and training, food intake and nutritional status
monitoring, food and nutrition research, and food and nutrition education
(Comptroller General 1979). Some of these programs had roots that
reached back to the turn of the century, but since World War 11 the
Government’s efforts have increasingly focused on meeting the needs of
high-risk groups and on the role of diet in health promotion and disease
prevention. Table 1-3 presents a chronological listing of selected events in
the development of Federal domestic nutrition policies; the history of
Federal initiatives in the major areas of nutrition policy is reviewed below.

Table 1-3
Selected Federal Domestic Nutrition Policy Initiatives, 1862-1988
1862 U.S. Department of Agriculture (USDA) created. Morrill Act
establishes land grant colleges.
1867 Office of Education established with responsibilities for

nutrition education within public schools.

1887 Hatch Act establishes agricultural experiment stations.
Federal research laboratory established at Staten Island.
Name is changed to the National Institute of Health in 1930.

1889 U.S. Public Health Service Commissioned Corps authorized

for duty on communicable, nutritional, and other diseases.

1893 USDA authorized by Congress to conduct research on
agriculture and human nutrition.
1906 The Pure Food and Drug (Wiley) Act prohibits interstate

commerce and misbranded and adulterated foods, drinks, and
drugs. Federal Meat Inspection Act passed.

1914 Cooperative Extension Service created as part of USDA.

1916 USDA publishes Food for Young Children, first dietary
guidance pamphlet.
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Table 1-3 {(continued)

1917

192129

1924

1927

1930

1933

1935

1936-37

1938

1939

1940

1941

1946
1947

1954

U.S. Food Administration established to supervise World Wa;
I food supply. First dietary recommendations issued by
USDA—Five Food Groups.

Maternity and Infancy Act enabled State health departments
to employ nutritionists.

Addition of iodine to salt to prevent goiter is first U.S. food
fortification program.

Food, Drug, and Insecticide Administration established. Name
is changed to Food and Drug Administration (FDA) in 1932,

USDA and Federal Emergency Relief Administration buy and
distribute surplus agricultural commodities as food relief.
Public Health Service Hygienic Laboratory designated as
National Institute of Health (later changes to National
Institutes of Health).

Agricultural Act amendments permit purchase of surplus
commodities for donation to child nutrition and school lunch
programs.

Food Distribution Program established. Social Security Act
authorizes grants to States for nutrition services to mothers
and children.

USDA conducts first Nationwide Food Consumption Survey
(NFCS).

The Food, Drug and Cosmetic (FD&C) Act includes
provisions for food standards. FDA nutrition research
program established. Social Security Act provides support for
role of nutrition in health.

Federal Surplus Commodities Corporation initiates
experimental Food Stamp Program.

National Defense Advisory Commission draws attention to
malnutrition in the United States.

President Roosevelt calls National Nutrition Conference, with
announcement of the first Recommended Dietary Allowances
by the Food and Nutrition Board. FDA promulgates standards
for enrichment of flour and bread with B-complex vitamins
and iron.

National School Lunch Program established.

Laboratories of Nutrition, Chemistry, and Pathology of the
National Institutes of Health incorporated into Experimental
Biology and Medicine Institute.

Special Milk Program established.
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Table 1-3 (continued)

1955

1956

1958

1961

1963 and 1965

1965

1966

1966-70

1968

1968-70

1969

1971-74

Interdepartmental Committee on Nutrition for National
Defense established (discontinued 1967).

Title VII of the Public Health Service Act authorizes funds to
support graduate training in public health nutrition.

Food Additives Amendment to FD&C Act prohibits use of a
food additive until safety established by manufacturer.
Delaney Clause prohibits carcinogenic additives. GRAS
(Generally Recognized As Safe) list established.

President Kennedy expands the use of surplus food for needy
people at home and abroad and announces a new pilot Food
Stamp Program.

Maternal and Child Health and Mental Retardation Planning
Amendments to the Social Security Act allow for an expanded
number of nutritionists in health care programs.

Food Stamp Act passed by Congress. Nationwide Food
Consumption Survey collects first data on dietary intake of
individuals.

Child Nutrition Act passed. Schooi Breakfast Program
established. President Johnson outlines Food for Freedom
Program, the “war on hunger.” Allied Health Professions
Personnel Training Act includes support for training of
dietitians.

The Department of Health, Education, and Welfare (DHEW),
which later becomes the Department of Health and Human
Services (DHHS), sponsors a National Academy of Sciences
study, Maternal Nutrition and the Course of Pregnancy, which
makes major recommendations related to the role of nutrition
in human reproduction.

U.S. Senate Select Committee on Nutrition and Human Needs
established.

DHEW sponsors Preschool and Ten-State Nutrition Surveys
that report evidence of hunger and mainutrition in poverty
groups in the United States.

President Nixon calls White House Conference on Food,
Nutrition, and Health. Secretary of Agriculture establishes the
Food and Nutrition Service to administer Federal food
assistance programs.

The National Center for Health Statistics conducts the first
National Health and Nutrition Examination Survey
(NHANES) to measure the nutritional status of the U.S.
population. This is followed by NHANES 11 in 197680,
Hispanic HANES in 1982-84, and NHANES III in 1988.
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Table 1-3 (continued)

1972

1974

1975

1977

1978

1979

1980

1981

1984

1985

USDA establishes Special Supplementary Food Program for
Women, Infants, and Children (WIC). Agriculture and
Consumer Protection Act provides price supports to farmers.
Amendments to the Older Americans Act of 1965 establish a
congregate and home-delivered meals program for older
Americans.

U.S. Senate Select Committee on Nutrition and Human Needs
issues Guidelines for a National Nutrition Policy, prepared by
the National Nutrition Consortium. Safe Drinking Water Act
passed.

National Institutes of Health establishes Nutrition
Coordinating Committee.

U.S. Senate Select Committee on Nutrition and Human Needs
issues two editions of Dietary Goals for the United States.
Food and Agricultural Act and Child Nutrition and National
School Lunch Amendments passed.

Joint Subcommittee on Human Nutrition Research established
in Office of Science and Technology Policy (in 1983 becomes
Interagency Committee on Human Nutrition Research under
joint direction of USDA and DHHS). DHEW and USDA
submit proposal to Congress for National Nutrition Monitoring
System.

DHEW establishes Department-wide Nutrition Policy Board
and issues Healthy People: The Surgeon General’s Report on
Health Promotion and Disease Prevention.

USDA and DHHS jointly issue Nutrition and Your Health:
Dietary Guidelines for Americans. A second edition follows in
1985. DHHS issues Promoting Health/Preventing Disease:
Objectives for the Nation, which contains 17 nutrition
objectives to be achieved by the year 1990. The Surgeon
General's Workshop on Maternal and Infant Health makes
recommendations about improving nutrition for these
vulnerable groups.

DHHS and USDA issue Joint Implementation Plan for a
Comprehensive National Nutrition Monitoring System,
revised in 1987 as the Operational Plan for the National
Nutrition Monitoring System. The Select Panel for the
Promotion of Child Health, created by Public Law 95-626,
submits to Congress and the Secretary of DHHS its report,
which includes recommendations on nutrition.

The Surgeon General's Workshop on Breastfeeding and
Human Lactation develops strategies for promoting
breastfeeding.

USDA initiates Continuing Survey of Food Intakes by
Individuals, repeated in 1986.
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Table 1-3 {continued)

"~ \lard - -

1986 DHHS and USDA issue Nutrition Monitoring in the United
States, the report of the Joint Nutrition Monitoring Evaluation
Committee.

1988 DHHS publishes The Surgeon General's Report on Nutrition

e . Py N

1y,
ana rieaun.

Agricultural Support. The earliest Federal nutrition policies in this area
were designed to strengthen the agricultural production system and to
ensure a consistent and adequate food supply. In 1862, the U.S. Depart-
ment of Agriculture (USDA) was created, and the Morrill Act established
land grant universities as sites for agricultural training and research. The
Hatch Act of 1887 authorized the creation of agricultural experiment
stations. As a result of these and other policies, food production increased
and farmers began to produce more food than could be consumed. Even-
tually, a system of commodity price and income supports was developed to
stabilize the economic condition of the farm sector. The Agricultural and
Consumer Protection Act of 1973 and the Food and Agriculture Act of 1977
established the basis for current agricultural support policies (Stucker and
Boehm 1978; Boehm 1979).

Food Safety and Regulation. The pure food movement of the late 1800’s,
led by Dr. Harvey Wiley, chief of the Government’s Bureau of Chemistry,
and popularized by the publication of Upton Sinclair’s novel of 1906, The
Jungle, led Congress to pass the Pure Food and Drug Act of 1906—then
known as the Wiley Act—which prohibited interstate transport and sale of
misbranded or adulterated foods (Ziporyn 1985). This Act and the Federal
Meat Inspection Act, also passed that year, extended Federal responsibil-
ity into the arena of food safety. Significant revisions to the legislation
occurred in 1938 when the Food, Drug, and Cosmetic Act established
standards of identity and quality for certain foods, required ingredient
listings on food labels, and prohibited sales of foods that were determined
to be harmful to health. In 1958, the Food Additives Amendment to the
1938 Act shifted the burden of proof of safety to the manufacturer, required
that additives known to cause cancer in either humans or animals be
deemed unsafe (the Delaney Clause), and established the list of ingredients
in common use that were “Generally Recognized As Safe” (GRAS) for
human consumption. A 1960 Color Additives Amendment applied the
Delaney Clause to all chemical food coloring agents. Since 1969, a major
review has been under way of the safety of substances on the GRAS list
(Smith and Rulis 1981). Regulation of food safety is a shared responsibility
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of several Federal agencies, primarily the USDA for plant, animal,
poultry production; the Food and Drug Administration (FDA) for all ¢
foods and additives; and the Environmental Protection Agency
pesticide contaminants.

The food labeling provisions of the 1906 and 1938 Acts were designe
protect consumers against fraudulent misbranding of foods, and this pc
was extended by the Fair Packaging and Labeling Act of 1966, which c:
for accurate ingredient labeling on foods in interstate commerce (Pc
1987). More recently, interest has grown in the use of food labels to edu
consumers about the nutritional quality of food and the role of nutritic -
health. Regulations published in 1973 authorized voluntary nutrition la
ing and required nutrition labeling for fortified foods and those for w!
nutritional claims were made (Hutt 1981). In 1987, the FDA proposed a
policy for public health messages on food labels to permit health claim
package labels when the information is true and certain criteria are _
(FDA 1987). Responsibility for regulating labeling and marketing prc
dures related to foods is shared by the USDA (meat, poultry, eggs), F
(all other foods) and, for advertising, the Federal Trade Commission (.
ter 1987).

Food Fortification. The onset of World War I brought new nutritic
concerns and focused attention on the need for an overall improvemer,
the availability of nutrients to the general population. The first food
tification program, instituted in 1924, was the addition of iodine to sal
prevent goiter. During the Second World War, this program was extende:
include enrichment of wheat flour with iron and the vitamins thian -
niacin, and riboflavin. Also during the 1940’s, milk was fortified v
vitamin D and margarine with vitamin A.

Food Assistance. As early as 1918, the idea of targeting food assistanct
vulnerable population groups was proposed in the Children’s Bureau p
lication Milk—The Indispensable Food for Children. Milk supplies 1
decreased and prices increased due to the effects of World War I, and
Children’s Bureau advocated that children be given priority in allocat
milk supplies. Charitable organizations established milk stations and cc -
munity kitchens to provide food supplements to the poor and to help peo
with limited income choose and prepare an adequate diet (Egan 1980

Widespread unemployment and g overty during the 1930’s stimulated 1
development of new Federal programs to provide food assistance to i
poor. At first, these programs focused exclusively on distribution of surp:
agricultural commodities. In 1930, for example, the USDA and the Fede
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Emergency Relief Administration began a distribution program as food
relief. The donation of surplus foods to child nutrition and school lunch
programs was authorized by amendments to the Agricultural Act in 1933.
The more formally organized Food Distribution Program was established
in 1935. An experimental Food Stamp Program was initiated by the Surplus
Commodities Corporation in 1939. The National School Lunch Program
was established in 1946, and the Special Milk Program was added in 1954
(U.S. Senate 1976).

In the early 1960’s, as a result of surveys and assessments indicating special
needs among low-income populations (Citizens’ Board 1968), the Federal
Government expanded its involvement in income support and direct deliv-
ery of food services. A pilot study in 1961 led to the Food Stamp Act of
1965, which authorized a small-scale program to meet limited needs for
food assistance. The Child Nutrition Act of 1966 established the School
Breakfast Program. Following the 1969 White House Conference on Food,
Nutrition, and Health (White House Conference 1970), eligibility and
benefits were enlarged for the Food Stamp, School Lunch, School Break-
fast, Special Milk, and Summer Food Programs; the Special Supplemental
Food Program for Women, Infants, and Children (WIC) was created;
general assistance reimbursements were increased (for the School Break-
fast and School Lunch Programs); and the Nutrition Program for the
Elderly was established through an amendment to the Older Americans
Act. From 1969 to 1977, Federal expenditures for these programs increased
from about $1.2 to $8.3 billion (U.S. Senate 1977a). By 1986, as many as 50
million Americans (the exact number is uncertain due to overlapping
benefits) were served by food assistance programs administered by the
USDA. The cost of these programs exceeded $18.8 billion in 1986 and $20
billion in 1987 (Matsumoto 1987).

Nutrition Services and Training. In the 1920°s under the Federal Maternity
and Infancy Act, nutrition services were launched in nine State depart-
ments of public health. Enactment of the Social Security Act in 1935,
authorizing grants-in-aid to the States for health services for mothers and
children, was a major impetus for the further development of nutrition
services in State health agencies. By 1945, ali but three States had one or
more nutrition consultant positions included in their budgets. Nutrition
services began to extend beyond maternal and child health during the late
1950’s and early 1960’s in response to new mental retardation, chronic
disease control, home health service, and nursing home and other ex-
tended care programs. Initiatives in primary health care, family planning,
and comprehensive health planning during the 1970’s further expanded the
availability of nutrition services (Nutrition Services Project Committee

35



D Nutrition and Health

1983), as did establishment of the Community Food and Nutrition Program
(CFN) in the 1980’s to provide nutrition services to low-income popula-
tions (Office of Community Services 1987).

To ensure an adequate supply of health professionals to serve the popula-
tion, the Federal Government also supports health professions education
in primary care as well as public health practice. Since the 1940’s, funds
have been available from Title V of the Social Security Act for nutrition
training of health professionals, and since 1957, various authorities under
Title VII of the Public Health Service Act have supported health profes-

< tuidants and T H A 1 'E liad forts i ¥
sions students and Curricuium aeveiopment in appica nutrition, iﬁdudiﬁg

capitation grants to schools of public health that support traineeships for
public health nutrition students.

Food Intake and Nutrition Status Monitoring. The involvement of the
Federal Government in monitoring of food intake dates back to 1893 when
the USDA received an appropriation for this purpose (Porter 1986). The
USDA first began to collect data on the wholesale availability or “disap-
pearance” of food commodities in 1909. The subsequent annual collection
of such data has provided an important source of information on trends in
the availability of food, an indirect indicator of food use by the population
{Bunch 1987). Attempts to estimate actual food intake by the population
began in the 1930’s. For example, household food purchases were exam-
ined by the USDA in 1936-37 through the first Nationwide Food Consump-
tion Survey (NFCS); such surveys have been conducted about every 10
years since, most recently in 1987-88 (USDA 1986, 1987a, 1987b). Estima-
tions of the per capita nutrient content of the food supply began in the
1940’s and are now reported annually (Marston and Raper 1986). The first
collections of data on the food consumption habits of individuals in
sampled households were performed by the USDA in 1965 (NRC 1984).
Examples of food intake and availability data are given later in this chapter
in the section on dietary patterns.

Assessment of nutritional status emerged as a concern as early as 1918
when infants and children were weighed and measured during the opening
event of the Children’s Year Campaign (initiated to “protect children from
the effects of war”). The impetus for this activity was the high percentage
of Selective Service rejections in World War I caused by conditions that
might have been prevented or corrected by adequate nutrition in early
childhood. The first studies of nutrition and child health were conducted by
the Children’s Bureau in a mountainous section of Kentucky in 1920 and in
the industrial area of Gary, Indiana, in 1922 (Egan 1980).
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Much of the recent expertise in measuring human nutritional status was
developed through the work of the Interdepartmental Committee on Nutri-
tion for National Defense, which conducted nutrition surveys in more than
30 countries during the 1950’s and 1960’s. Attempts to evaluate the nutri-
tional status of the U.S. population began in 1956 when Congress autho-
rized the Department of Health, Education, and Welfare (DHEW) to
conduct periodic national health examination surveys; with the addition in
1971 of additional status measures, including a dietary intake component,
these surveys evolved into the National Health and Nutrition Examination
Surveys (NHANES). The first NHANES was conducted from 1971-74,
the second from 1976-80, and the Hispanic HANES from 198284 (DHHS/
USDA 1986). The third NHANES started in 1988. In 1968-70, in response
to increasing concern about the nutritional status of low-income popula-
tions, DHEW sponsored the Preschool (Owen et al. 1974) and Ten-State
(DHEW 1972) Nutrition Surveys and identified evidence of malnutrition in
these populations.

The dietary intake, health, and nutritional status surveys and surveillance
systems listed in Table 1-4 and described above are components of the
National Nutrition Monitoring System—a complex assortment of inter-
connected activities that provide regular information about dietary intake
and nutritional status to the health of the American people and about
factors that affect diet and nutritional status (DHHS/USDA 1987). The
present system was proposed in 1978 in response to a congressional re-
quest in the 1977 Food and Agriculture Act that the Secretaries of Agn-
culture and of Health, Education, and Welfare, now Health and Human
Services (DHHS), develop a joint proposal for a comprehensive system
that would monitor the nutritional status of the American people. In 1981, a
Joint Implementation Plan (revised in 1987) committed the two Depart-
ments to close coordination of survey methods and to submission of
reports to Congress every 3 years on information gained from monitoring
activities. The National Nutrition Monitoring System includes efforts by
several Federal agencies to provide information about health and nutri-
tional status, food consumption, food composition, dietary knowledge and
attitudes, and food safety and quality.

Food and Nutrition Research. The Federal role in nutrition research began
in 1887 with the development of the forerunner of the National Institutes of
Health (NIH) as a one-room laboratory on Staten Island. In 1893, the
USDA was authorized to perform agricultural and human research. The
PHS Hygienic Laboratory developed into the first National Institute of
Health in 1930; subsequently, it was joined by other laboratories to create
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Table 1-4

Category Activity Departmenta  Agency2 Population Timing

Health and Nutritional National Health and DHHS CDC/NCHS  U.S. population,

Status Measurements Nutrition Examination special groups
Surveys
NHANES 1 1-74 yrs 1971-74
NHANES I1 6 mo-74 yrs 1976-80
Hispanic HANES 6 mo-74 yrs 1982-84
NHANES HI 2 mo+ 1988-94
National Health DHHS CDC/NCHS U.S. Annual
Interview Survey
NHIS Special Topics DHHS CDC/NCHS U.S. Selected topics
NHANES I Epidemiologic DHHS CDC/NCHS NHANES 1 older 1982-84, 1986,
Followup persons 1987
National Survey of Family DHHS CDC/NCHS  Women 15-44 yrs 1976, 1983, 1987
Growth
National Maternal and DHHS CDC/NCHS Planned 1988
Infant Health Survey
National Mortality Survey DHHS CDC/NCHS Annual 1961-68,

1986

Vital Statistics DHHS CDC/NCHS  U.S. States, Annual

counties, local
areas
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Health and Nutritional
Status Measurements
(continued)

Food Consumption
Measurements

Coordinated State
Surveiilance System

Behavioral Risk Factor

Surveillance System

Nutrition Research in
Support of Nutrition
Monitoring®

Nationwide Food
Consumption Survey
(NFCS)

Continuing Survey of
Food Intakes by
Individuals (CSFII)

1985 and 1986

1989 and beyond

NHANES

DHHS

DHHS

DHHS

USDA

USDA

USDA

DHHS

CDC/CHPE

CDC/CHPE

NIH
ARS
CDC/CHPE
FDA

HNIS

HNIS

CDC/NCHS

Pregnant women,

il deae

Ciuaren
Adults

Varies

U.S., low-income
sample

Women 19-50,
their children,
men, low-income
sample

U.S. population,
low-income
sample, other

U.S. population

Continuous

Continuous

Ongoing

Every 10 years,
current 1987-88

Annual

Annual (planned)

1971-74, 1976-80,
1982-84, 1988-94
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Table 1-4 (continued)

Food Consumption Total Diet Study DHHS FDA Specific age-sex  Annual
Measurements (continued) groups
Vitamin/Mineral DHHS FDA U.S. Continuous
Supplement Adverse
Reactions
Food Composition Nutrient Data Bank USDA HNIS Continuous
Measurements
Nutrient Composition USDA ARS Continuous
Laboratory
Food Labeling and DHHS FDA Annual and
Package Survey biennial parts
Total Diet Study DHHS FDA Annual
Fiber, Carotenoid, and DHHS NIH/NCI Ongoing
Vitamin A Comp. Studies;
Taurine and Biotin Comp. NIH/ Ongoing
Studies NIDDK
Dietary Knowledge Health and Diet Survey DHHS FDA U.S. adults - 18-22 mo intervals
and Attitude Assessment
Survey of Infant Feeding DHHS FDA Pregnant women 1988 or 1989
Practices
Survey of Weight-Loss DHHS FDA U.S. aduits 1987 or 1988
Practices NIH/
NHLBI
Cholesterol Awareness DHHS NIH/ Physicians 1986
Survey NHLBI

+FDA Adults
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Dietary Knowledge and Nursing and Dietitian DHHS NIH/ Nurses, dietitians 1986, 1987

Attitude Assessment Survey NHLBI
(continued)
NHIS Special Topics DHHS CDC/NCHS  U.S. adults
Health Promotion/ 1985
Disease Prevention
. Vit/Min Supplement 1986
Cancer Control + NIH/NCI 1987
CSFII Followup USDA/DHHS HNIS U.S. population Planned 1989-96
(Consumer Perceptions FSIS
Survey) FDA
Physician Knowledge DHHS NIH/NHLBI  Physicians 1978-88
Survey on Hypertension
Cancer Prevention DHHS NIH/NCI U.S. adults 1984 + ongoing
Awareness Program
Food Supply Demand Studies USDA ERS U.S. population Continuous
Determinations

aARS = Agricultural Research Service, CDC = Centers for Disease Control, CHPE = Center for Health Promation and Education, DHHS =
Department of Health and Human Services, ERS = Economic Research Service, FDA = Food and Drug Administration, FSIS = Food Safety
and Inspection Service, HNIS = Human Nutrition Information Service, NCHS = National Center for Health Statistics, NCI = National Cancer
Institute, NHIS = National Health Interview Survey, NHLBI = National Heart, Lung, and Blood Institute, NIDDK = National institute of Diabetes
and Digestive and Kidney Diseases, NIH = National Institutes of Health, USDA = U.S. Department of Agriculture.

vincludes research on nutritional status assessment and requirements throughout the life cycle. The nutritional status research focuses on (1)
indices of nutritional status, (2) micromethods to measure nutrient concentrations in various tissues and plasma, and (3) methods that improve
accuracy of dietary intake data.

Source: U.S. Department of Health and Human Services and U.S. Department of Agriculture 1987.
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the present research enterprise of NIH (Simopoulos 1986). In 1975, the
NIH Nutrition Coordinating Committee was established to address NIH
nutrition issues that span the goals and purposes of 12 Institutes, 2 Divi-
sions, and 2 Centers within the agency. The FDA began conducting nutri-
tion research in 1938. By 1976, Federal expenditures for nutrition research
and research training exceeded $73 million (U.S. Senate 1976). The amount
was reported as nearly $200 million by 1979 (JSHNR 1980) and $270 million
in 1984, of which nearly $200 million represented research supported by
NIH (ICHNR 1986; NIH 1987). In 1987, NIH expended a total of $261
million, reinforcing its longstanding position as the major Federal agency in
biomedical and behavioral nutrition research and training support. This
nutrition research encompasses a broad range of topics, including health
maintenance, human development throughout the life cycle, disease pre-
vention, and disease treatment.

The Interagency Committee on Human Nutrition Research (ICHNR) was
established by the Secretaries of DHHS and USDA to succeed the Joint
Subcommittee on Human Nutrition Research that operated out of the
White House Office of Science and Technology Policy to coordinate all
Federal nutrition research activities. The ICHNR produced a 5-year plan
for human nutrition research that reviewed the research activities of eight
Federal agencies, listed research priorities, and identified six areas for
expanded research investigation: nutritional requirements at various
stages of the life cycle, nutrition interactions and bioavailability, nutrition
and chronic diseases, energy regulation and eating disorders, nutrition
monitoring, and nutrition education methodology (ICHNR 1986).

Dietary Guidance and Nutrition Education. The Federal Government has
supported efforts to teach the public about nutrition since 1867 when the
Office of Education was established with responsibility for nutrition educa-
tion within the public schools. The Children’s Bureau of the Department of
Labor published Prenatal Care in 1913 and Infant Care in 1914 to provide
dietary guidance to mothers. These books have been in publication ever
since and are all-time best sellers of the U.S. Government Printing Office.

The USDA also had an early role and published its first food selection
guide, designed to help parents meet the nutritional needs of young chil-
dren, in 1916 (Hunt 1916). Since that time, federally supported dietary
guidance materials have been issued and revised regularly to meet the
needs of specific target audiences and to reflect emerging knowledge of
nutritional science. A list of Federal dietary guidance publications for the
general public since 1917 is presented in Table I-5.
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Table 1-5
Federal Dietary Recommendations for the General Public, 1917-1988

Recommendation®
Maintain Include
Ideal Starch Limit
Body and Limit Limit Choles- Limit Limit

Year Agency?t Publication Variety Weight Fiber  Sugar Fat terof Salt  Alcohol
1917 USDA What the Body Needs— + + * *

Five Food Groups
1942 USDA Food for Freedom— + + *

Daily Eight
1943 USDA National Wartime Nutrition + + *

Guide—Basic Seven
1946 USDA National Food Guide— + + *

Basic Seven
1946 USDA Food for Growth— + +

Four Food Groups
1958 USDA Food for Fitness— + +

Four Food Groups
1977 U.S. Senate Dietary Goals for the U.S. + + + + + +
1979 USDA Building a Better Diet— + + + + + + + +

Five Food Groups
1979 DHEW Healthy People: The Surgeon General’s + + + + + + + +

Report on Health Promotion and

Disease Prevention
1979 DHEW/NCI Statement on Diet, Nutrition, + + + + +

and Cancer—Prudent
Interim Principles
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Table 1-5 (continued)

Recommendation®
Maintain Include
Ideal Starch Limit
Body and Limit Limit Choles- Limit Limit
Year Agencyb Publication Variety  Weight Fiber  Sugar Fat terol Salt  Alcohol
1980 USDA/DHHS  Dietary Guidelines for Americans + + + + + + + +
1980 DHHS National 1990 Nutrition Objectives + + + + + + + +
1984 DHHS/NHLBI Recommendations for Control + + + +
of High Blood Pressure
1985 USDA/DHHS  Dietary Guidelines for Americans, + + + + + + + +
2nd edition
1986 DHHS/NCI Cancer Control Nutrition Objectives + + + +
for the Nation: 1985-2000
1987 DHHS/NHLBI National Cholesterol Education + + + + + +
Program Guidelines
1988 DHHS/NCI Dietary Guidelines for Cancer + + + + + +

Prevention

*Recommended for inclusion in the daity diet, as opposed to subsequent recommendations to /imit intake.

aQther recommendations include: increased consumption of foods containing vitamins and minerals (USDA 1917-1958; NC! 1986), increased
physical activity (USDA/DHHS 1980, 1985; DHHS 1980), and reduced intake of salt-cured or smoked foods (NCI 1988).

bUSDA = U.S. Department of Agriculture, U.S. Senate = U.S. Senate Select Commiittee on Nutrition and Human Needs, DHEW = Department
of Health, Education, and Welfare, DHHS = Department of Health and Human Services, NCI = National Cancer Institute, NHLBI = National
Heart, Lung, and Blood Institute.
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The earliest federally sponsored guidelines advised the public to consume
portions from a variety of food groups every day to obtain sufficient energy
and to avoid nutritional deficiencies. As more was learned about nutrients
essential in the diet, recommendations began to emphasize consumption of
foods containing vitamins, minerals, and other “protective” dietary com-
ponents (Hertzler and Anderson 1974). In response to the economic crisis
of the 1930's, the USDA began to develop meal plans for consumers at
different levels of income to address issues of cost (Haughton, Gussow,
and Dodds 1987).

The first Recommended Dietary Allowances (RDAs) for intake of energy
and eight nutrients were developed by the National Research Council and
adopted at the wartime National Nutrition Conference in 1941 (Roberts
1958). RDA’s have been published periodically since; the most recent
(ninth) edition appeared in 1980 (NRC 1980). Its recommendations are
reviewed later in this chapter. Alsoin 1941, the USDA, in cooperation with
the Office of Education and the PHS, published the first Federal guide to
incorporate information on specific vitamins and minerals and the first to
use the term “enriched.” Meal plans and dietary guidelines published since
the 1940’s have been designed increasingly to translate the RDA’s into
terms usable by consumers (Hertzler and Anderson 1974). The USDA’s
1958 Food for Fitness—A Daily Food Guide, written in terms of four food
groups, was the first to promote intake of specific nutrients—calcium,
vitamin A, and vitamin C—that were commonly consumed in amounts
substantially below RDA levels (Haughton, Gussow, and Dodds 1987).

Typically, an adequate diet has been defined as providing the basic food
groups that would contain amounts of essential nutrients—protein, vi-
tamins, and minerals—sufficient to prevent deficiency diseases. In the
mid-1970’s, however, the focus of national policy objectives expanded to
encompass the role of overconsumption of fat, cholesterol, salt, sugar, and
alcohol as dietary factors associated with chronic disease. The increasing
scientific interest in these relationships led the U.S. Senate to hold hear-
ings on diet and health from 1973 through 1977 (U.S. Senate 1977a).
Expanding knowledge of the role of diet in health maintenance also led to
the development in 1975 of a DHEW Policy Statement on Health Aspects
of Nutrition (U.S. Senate 1976). Thus, dietary adequacy began to include
consideration of the most reasonable proportions of dietary factors for
prevention of chronic—rather than deficiency—diseases.

This new perspective was reflected in the two editions of the 1977 report

Dietary Goals for the United States, produced by the Senate Select Com-
mittee on Nutrition and Human Needs (U.S. Senate 1977b, 1977¢). These
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reports recommended significant changes in average dietary intake pat- _
terns to improve protection against the principal chronic diseases. To
accomplish this goal, they established quantitative targets for consumption
of complex carbohydrates and naturally occurring sugars (greater than 48
percent of energy), refined and processed sugars (10 percent of energy),
total fats (less than 30 percent of energy), saturated fat (less than 10 percent
of energy), cholesterol (less than 300 mg/day), and salt (less than 5 g/day)
(U.S. Senate 1977c¢).

These principles, although not the quantitative targets, were supported and
expanded in the 1979 report Healthy People: The Surgeon General’s
Report on Health Promotion and Disease Prevention(DHEW 1979) and by
the 1980 publication Nutrition and Your Health: Dietary Guidelines for
Americans, jointly issued and revised in 1985 by the Departments of
Agriculture and of Health and Human Services (USDA/DHHS 1985). The
Guidelines recommend:

o Eat a variety of foods.

¢ Maintain desirable weight.

® Avoid too much fat, saturated fat, and cholesterol.

o Eat foods with adequate starch and fiber.

® Avoid too much sugar.

® Avoid too much sodium.

e If you drink alcoholic beverages, do so in moderation.

This approach reflects the increase in interest in the relation between
nutrition and prevention of chronic diseases, a development that has
shaped and mandated Federal nutrition education activities of the past
decade (see Table 1-4) and is the principal focus of the discussion, conclu-
sions, and recommendations of this Report.

Scientific Background
Human Nutritional Requirements

Essential nutrients must be obtained from the diet in the proper amounts
and proportions to maintain good health and to prevent deficiency dis-
eases. A deficiency of an essential nutrient causes signs and symptoms that
can be prevented or cured by an increased intake of the nutrient. Such -
deficiencies may be due to inadequate dietary intake, or they may be
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induced by either inherited or acquired inabilities to absorb, transport,
store, or metabolize nutrients or by excessive losses of nutrients from the
body (for example, from vomiting, bleeding, or diarrhea).

Just as a deficiency of a nutrient can cause disease, too much of a nutrient
can also lead to disease. For example, as discussed throughout this Report,
the excessive consumption of energy, fat (especially saturated fat), and
alcohol have been associated with the development of specific chronic
disease conditions in some individuals. Excessive intake of some vitamins
and most of the minerals also has been shown to result in either acute or
long-term disorders. For most nutrients, there appears to be a safe and
adequate range of dietary intake that satisfies nutritional requirements but
does not cause untoward symptoms. This concept is illustrated in Figure
1-1. Ideally, the diet should contain energy and all of the essential nutrients
in amounts that fall within these ranges of intake.

Optimal

100% =

Marginal Marginal

Function

Deficiency Toxicity

Death

B ———— Concentration or intake of nutrient  =————————j»

Figure 1-1. Dependence of biologic function or tissue concentration on in-
take of a nutrient. For nutrients and energy sources, there is a
range of intake that confers optimal physiologic function. Below
this range, deficiencies can cause disease or death. Excessive
intake also can lead to increasing symptoms of toxicity. The op-
timal range varies for each nutrient and is affected by many
individual and environmental tactors.

Source: Mertz, W. 1981. The essential trace elements. Science 213:1332-38. Copy-
right 1981 by the American Association for the Advancement of Science, re-
printed with permission.
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Recommended Dietary Allowances

The need to establish goals for good nutrition in the United States was
recognized in the 1930’s and led to the establishment in 1940 of the
Committee on Food and Nutrition, now called the Food and Nutrition
Board, of the National Research Council, National Academy of Sciences.
The Committee’s initial purpose was to make sure that the population was
adequately nourished during World War 11, and one of its early functions
was to recommend quantities of nutrients that should be provided to the
Armed Forces and the general population. These recommendations led to
the development of goals for intake of nine specific nutrients that would
meet the known nutritional requirements of men, women, and children of
varying ages. These first RDA’s were adopted in 1941 (Roberts 1958), and
they have been published at 5- to 10-year intervals since 1943. Although the
original purpose of the RDA’s was to promote nutritional health during
wartime, their purpose has expanded over the years to include use for
development of standards for food assistance programs, food labels, and
evaluation of dietary adequacies.

Because research on human nutritional requirements is often incomplete
or inconsistent, and because of variability in individual nutrient require-
ments, the RDA’s represent an estimated, rather than an absolute, stan-
dard of dietary adequacy, and they are revised periodically to reflect
current scientific evaluation of the available nutrition research. The most
recent revision was published in 1980 and is presented in Table 1-6 (NRC
1980). The RDA’s are defined as “. . . the levels of intake of essential
nutrients considered, in the judgment of the Committee on Dietary Allow-
ances of the Food and Nutrition Board on the basis of available scientific
knowledge, to be adequate to meet the known nutritional needs of prac-
tically all healthy persons.” Thus, each RDA is deliberately set higher than _
the-actual requirement for that nutrient in most individuals.

Specific RDA’s have been established for protein, 10 vitamins, and 6
minerals; they are presented in categories that vary according to body size. _
gender, and energy consumption (NRC 1980). RDA’s are usually higher for -
males than for females, except for women who are pregnant or lactating.
For 12 additional nutrients, research has been too limited to establish
specific RDA’s and the Food and Nutrition Board has proposed ranges of
daily intake that are considered “safe and adequate.” These are presented
in Table 1-7. The RDA’s are designed to exceed the nutrient requirements
of most individuals, but the allowances for energy are designed to reflect
average needs for people of different heights and weights, ages, and activi-
ty levels.
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Table 1-6
Food and Nutrition Board, National Academy of Sciences-
National Research Council Recommended Daily Dietary Allowances,? Revised 1980
Designed for the maintenance of good nutrition of practically all healthy people in the U.S.A.

Fat-Soluble Vitamins

Age Weight Height Protein Vitamin A Vitamin D Vitamin E
(years) (kg) (Ib) (cm) (in) (8 (ng RE)® (ugk (mg o-TEM
Infants 0.0-0.5 6 13 60 24 kgx2.2 420 10 3
0.5-1.0 9 20 71 28 kgx2.0 400 10 4
Children 1-3 13 29 1] 35 23 400 10 5
46 20 4 112 44 30 500 10 6
7-10 28 62 132 52 34 700 10 7
Males 11-14 45 9 157 62 45 1000 10 8
15-18 66 145 176 69 56 1000 10 10
19-22 70 154 177 70 56 1000 7.5 10
23-50 70 154 178 70 56 1000 5 10
51+ 70 154 178 70 56 1000 S 10
Females 11-14 46 101 157 62 46 800 10 8
15-18 55 120 163 64 46 800 10 8
19-22 55 120 163 64 44 800 7.5 8
23-50 55 120 163 64 44 800 5 8
Si+ 55 120 163 64 44 800 5 8
Pregnant i +30 +200 +5 +2
Lactating +20 + 400 +5 +3

aThe allowances are intended to provide for individual variations among most norma! persons as they live in the United States under usual en-
vironmental stresses. Diets should be based on a variety of common foods to provide other nutrients for which human requirements have been
less well defined.

bRetinol equivalents; 1 RE = 1 ug retinol or 6 pg B carotene.

cAs cholecalciferol; 10 g cholecaiciferol = 4000 {U of vitamin D.

da-tocopherol equivalents; 1 mg d-a tocopherol = 1 a-TE.
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Table 1-6 (continued)

Water-Soluble Vitamins
Age Weight Height  Vitamin C  Thiamin Riboflavin Niacin  Vitamin By Folacinf Vitamin B,,

(years) (kg) (Ib) (cm) (in) (mg) (mg) (mg) (mg NE)e (mg) (ng) (ng)
Infants 0.0-0.5 6 13 60 24 35 0.3 0.4 6 0.3 30 (.58
05-10 9 20 71 28 35 0.5 0.6 8 0.6 45 1.5
Children 1-3 13 29 90 35 45 0.7 0.8 9 0.9 100 2.0
4-6 20 4 112 4 45 0.9 1.0 i1 1.3 200 2.5
7-10 28 62 132 52 45 1.2 1.4 16 1.6 300 3.0
Males 11-14 45 99 157 62 50 1.4 1.6 18 1.8 400 3.0
15-18 66 145 176 69 60 1.4 1.7 18 2.0 400 3.0
19-22 70 154 177 70 60 1.5 1.7 19 2.2 400 3.0
23-50 70 154 178 70 60 1.4 1.6 18 2.2 400 3.0
51+ 70 154 178 70 60 1.2 1.4 16 2.2 400 3.0
Females 11-14 46 101 157 62 50 1.1 1.3 15 1.8 400 3.0
15-18 55 120 163 64 60 1.1 1.3 14 2.0 400 3.0
19-22 55 120 163 64 60 1.1 1.3 14 2.0 400 3.0
23-50 55 120 163 64 60 1.0 1.2 13 2.0 400 3.0
51+ 55 120 163 64 60 1.0 1.2 13 2.0 400 3.0
Pregnant +20 +0.4 +0.3 +2 +0.6 +400 +1.0
Lactating +40 +0.5 +0.5 +5 +0.5 + 100 +1.0

eNiacin equivalent; 1 NE = 1 mg of niacin or 60 mg of dietary tryptophan.

1The folacin allowances refer to dietary sources as determined by Lactobacillus casei assay after treatment with enzymes (conjugates) to make
polyglutamyl forms of the vitamin available to the test organism.

gThe recommended dietary allowance for vitamin By, in infants is based on average concentration of the vitamin in human milk. The allowances
after weaning are based on energy intake (as recommended by the American Academy of Pediatrics) and consideration of other factors, such
as intestinal absorption.
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Table 1-6 (continued)

Minerals

Age Weight Height Calcium Phosphorus Magnesium Iron Zinc lIodine

(years)  (kg) (lb) (em) (in) (mg) (mg) (mg) (mg)  (mg) (18)
nfants 0.0-0.5 6 13 60 24 360 240 50 10 3 40
0.5-1.0 9 20 71 28 540 360 70 15 5 50
Children 1-3 13 29 90 35 800 800 150 15 10 70
4-6 20 44 112 44 800 800 200 10 10 90
7-10 28 62 132 52 800 800 250 10 10 120
Males 11-14 45 99 157 62 1200 1200 350 18 15 150
15-18 66 145 176 69 1200 1200 400 18 15 150
19-22 70 154 177 70 800 800 350 10 15 150
23-50 70 154 178 70 800 800 350 10 15 150
51+ 70 154 178 70 800 800 350 10 15 150
Females 11-14 46 101 157 62 1200 1200 300 18 15 150
15-18 55 120 163 64 1200 1200 300 18 15 150
19-22 55 120 163 64 800 800 300 18 15 150
23-50 55 120 163 64 800 800 300 18 15 150
51+ 55 120 163 64 800 800 300 10 i5 150
Pregnant +400 +400 + 150 h +5 +25
Lactating +400 +400 +150 h +10 +50

hThe increased requirement during pregnancy cannot be met by the iron content of habitual American diets nor by the existing iron stores of
many women; therefore, the use of 30—60 mg of supplemental iron is recommended. Iron needs during lactation are not substantially different
from those of nonpregnant women, but continued supplementation of the mother far 2~3 months after parturition is advisable to replenish
stores depleted by pregnancy.

Source: National Research Council 1980.
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Table 1-7
Estimated Safe and Adequate Daily Intakes
of Selected Vitamins and Minerals?

Vitamins
Panto-
thenic
Age Vitamin K Biotin Acid
(years) (ng) (ng) (mg)
Infants 0-0.5 12 35 2
0.5-1 10-20 50 3
Children and 1-3 15-30 65 3
Adolescents 46 20-40 85 34
7-10 30-60 120 4-5
11+ 50-100 100200 4-7
Adults 70-140 100-200 4-7
Trace Elementsb
Man- Molyb-
Age  Copper ganese Fluoride Chromium Selenium denum
(years) (mg) (mg) (mg) (mg) (mg) (mg)
Infants 0-0.5 0.5-0.7 0.5-0.7 0.1-0.5 0.01-0.04 0.01-0.04 0.03-0.06
0.5-1 0.7-1.0 0.7-1.0 0.2-1.0 0.02-0.06 0.02-0.06 0.04-0.08
Children and 1-3 1.0-1.5 1.0-1.5 0.5-1.5 0.02-0.08 0.02-0.08 0.05-0.1
Adolescents 4-6 1.5-2.0 1.5-2.0 1.0-2.5 0.03-0.12 0.03-0.12 0.06-0.15
7-10  2.0-2.5 2.0-3.0 1.5-2.5 0.05-0.2 0.05-0.2 0.10-0.3
I+ 2.0-3.0 2.5-5.0 1.5-2.5 0.05-0.2 0.05-0.2 0.150.5
Adults 2.0-3.0 2.5-5.0 1.54.0 0.05-0.2 0.05-0.2 0.15-0.5
Electrolytes
Age Sodium Potassium Chloride
(years) (mg) (mg) (mg)
Infants 0-0.5 115-350 350-925 275-700
0.5-1 250-750 425-1275 400-1200
Children and 1-3 325-975 550-1650 500-1500
Adolescents 46 450-1350 775-2325 700-2100
7-10 600-1800 1000-3000 925-2775
11+ 900-2700 1525-4575 1400—4200
Adults 1100-3300 1875-5625 1700-5100

aBecause there is less information on which to base allowances, these figures are not
given in the main table of RDA and are provided here in the form of ranges of recom-
mended intakes.

bBecause the toxic levels for many trace elements may be only several times usual in-
takes, the upper levels for the trace elements given in this table should not be habitually
exceeded.

Source: National Research Council 1980.
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The fact that most RDA’s are intentionally established to exceed the
nutrient requirements of most people means that a dietary intake below the
RDA is not necessarily inadequate for an individual whose requirement for
a nutrient is average or even above average (NRC 1980). It also means that
the small percent of persons whoe have unusually high nutrient require-
ments may not meet nutritional needs even when they consume nutrients at
RDA levels. The RDA's are estimates of the nutrient requirements for
populations rather than for individuals. In addition, RDA’s may need to be
modified for people who are ill or injured.

Translating the RDA’s into a single, universally applicable, ideal pattern of
food choices that best supports health and longevity is, for many reasons,
difficult. As noted above, individual nutrient requirements depend upon
complex interactions between genetic and environmental factors and the
stage of physiologic development. The nutritional needs of infants, young
adults, and older persons vary, and dietary habits and preferences differ
markedly from culture to culture and from individual to individual.

A definition of the food choices that best fulfill nutrient requirements has
been a goal of the many Federal agencies and private health organizations
that have developed sets of dietary recommendations during the past
decade (Dwyer 1983; McNutt 1980). Some of these recommendations are
noted in Table 1-5; the evidence on which they are based is presented
throughout this Report. Most current recommendations emphasize that it
is the overall dietary pattern that determines whether or not nutrient
intakes are likely to fall within desirable ranges. Public health concerns
about specific nutrients, therefore, usually are directed to the kinds and
amounts of foods consumed and to the genetic, behavioral, and environ-
mental factors that affect food choices.

The diet must contain adequate energy, all essential nutrients, and certain
other dietary factors to sustain normal growth, development, and health.
The nutrients and dietary factors discussed in this Report include carbohy-
drates, fats, and proteins—the macronutrients—which are sources of ener-
gy as well as of essential fatty acids and amino acids that either cannot be
synthesized or are synthesized in amounts inadequate to meet body needs;
micronutrients—vitamins and mineral elements—which are necessary in
small amounts; and substances such as fiber, which does not fall into either
category but is nonetheless beneficial for good health. This section defines
these nutrients as background for this Report. Basic information on essen-
tial nutrients has been reviewed extensively (see, for example, Nutrition
Reviews 1984; Passmore and Eastwood 1986; Schneider, Anderson, and
Coursin 1983; Shils and Young 1988).
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Energy

The diet must supply sufficient energy to support growth and development,
maintain basic physiologic functions, meet the demands of muscle activity,
and repair damage caused by illness or injury. In the United States, energy
intake and expenditure are measured in kilocalories, abbreviated as kcal,
and referred to as Calories or, commonly, calories. In international usage,
the term is kilojoules, abbreviated kJ (1 kcal =4.184 kJ). In this Report, the
terms energy and calories are used interchangeably to refer to the general
concept of energy; specific measures of energy intake or expenditure or the
energy value of food are given in kilocalories.

The body obtains chemical energy from food from the oxidation (chemical
burning) of protein, fat, carbohydrate, and, when it is consumed, alcohol.
The oxidation within the body of 1 g each of these substances in pure form
yields about 4, 9, 4, and 7 kcal, respectively. Thus, fat contains more than
twice the caloric value of either protein or carbohydrate. The health signifi-
cance of the relatively high energy value of alcohol is discussed in the
chapter devoted to this topic.

Body weight depends on complex physiologic controls of the balance
between energy intake and energy expenditure. Both intake and expendi-
ture are equally important in regulation of body weight. Weight increases
when more energy is consumed than expended. Over time, such an imbal-
ance can lead to obesity. The physiologic controls of that balance and the
ways in which diet and exercise affect body weight are reviewed in the
chapter on obesity.

Carbohydrates

Carbohydrates are sources of energy for vital metabolic processes and also
are constituents of cellular substances such as nucleic acids, glycoproteins,
and enzyme cofactors and structural components of cell walls and cell
membranes. Carbohydrates are classified as monosaccharides, disac-
charides, and polysaccharides. Monosaccharide and disaccharide sugars
are referred to as simple carbohydrates and the polysaccharides (starches
and fibers) as complex carbohydrates.

Monosaccharides. Monosaccharides are simple sugars that do not need to
be further digested to be absorbed. The most important dietary monosac-
charides are glucose, fructose, and galactose. Glucose and fructose are
found in fruits, vegetables, and honey. They are also products of the
digestion of sucrose (table sugar) and, in the case of glucose, other disac-
charides. The glucose obtained from corn starch can be converted by
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enzymatic processes to fructose to produce high fructose corn sweeteners.
As discussed below, galactose is a subunit of the disaccharide lactose.

Disaccharides. Sugars formed from two monosaccharides are called disac-
charides. Sucrose, common table sugar, is composed of glucose and fruc-
tose. It is found in many fruits and vegetables but occurs in especially high
concentrations in sugar beets and sugar cane. Maltose is a disaccharide of
two glucose molecules and is found in beer, glucose syrups, and cereals.
Lactose, the sugar of milk, is composed of one molecule of glucose and one
of galactose.

Polysaccharides. Starch, glycogen, and most types of fiber are large. high-
molecular weight polysaccharides. Starch and glycogen are composed of
glucose molecules. Fiber includes a vartety of carbohydrates and other
components. These molecules differ from each other in the ways their
monosaccharide units are linked to each other and, therefore, in their
ability to be digested to sugars that can be absorbed into the body. The
chemical linkages in starch and glycogen can be split by human intestinal
enzymes, but those of polysaccharides found in fiber are, by definition,
indigestible although some fiber components can be broken down by
enzymes released by bacteria in the digestive tract to short-chain fatty
acids that can be reabsorbed and furnish small amounts of energy.

Fiber. Dietary fiber is a term used to describe a heterogeneous group of
plant food components that are resistant to human digestive enzymes
(LSRO 1987). Not all are fibrous in the usual sense of the word, and some
are even soluble. Dietary fiber includes some of the structural components
of plant cell walls (e.g., cellulose and noncellulosic polysaccharides such as
hemicellulose) and certain nonstructural components of cells such as pec-
tins, gums, brans, mucilages, algal polysaccharides, and modified cel-
lulose.

Specific types of dietary fiber are often classified as soluble or insoluble on
the basis of their response to extraction methods. In general, the soluble
fibers include gums, mucilages, and some pectins and hemicelluloses,
while insoluble fibers include cellulose, lignin, and other pectins and
hemicelluloses. Although all fruits, vegetables, and grains contain these
fiber components, some are especially good sources of one or another type.
Oat bran and beans, for example, contain relatively large proportions of
soluble fibers whereas wheat bran is a good source of insoluble fiber. In
general, diets that contain large amounts of fiber add bulk and may confer
greater feelings of satiety.

55



D Nutritton and Health

The effects of the various fiber types onintestinal function differ, however.
Insoluble fibers that adsorb water increase stool weights. Some soluble
fibers have been found in short-term studies to reduce blood cholesterol,
enhance glucose tolerance, and increase insulin sensitivity (LSRO 1987).
These issues are reviewed in appropriate chapters of this Report.

Lipids

Dietary fats or lipids include a variety of substances soluble in organic
solvents, such as chloroform or benzene, but insoluble in water. Food lipids
include triglycerides (composed of fatty acids and glycerol), phospholipids,
and cholesterol. Any excess of energy in the body, whether derived from
carbohydrate, fat, protein, or alcohol, can be converted to fatty acids and
stored in adipose tissue triglyceride, but dietary fat is essential because it
supplies linoleic acid (an essential fatty acid) and it is a vehicle for absorp-
tion of fat-soluble substances such as the vitamins A, D, E, and K (NRC
1980).

Lipids are concentrated sources of energy as well as structural components
of cell membranes and are molecular precursors for the synthesis of hor-
mones and other substances. In adults, these functions usually can be met
by a daily intake of 15 to 25 g of fat (NRC 1980), a level well below that
typical of current American diets. In addition, fats impart characteristic
mouth-feel and flavors to foods and increase the feeling of satiety after
meals by delaying the passage of food from the stomach to the small
intestine. The reservoirs of fat stored in the body protect the body’s organs,
provide insulation from heat loss, and maintain energy production during
long periods of reduced food consumption, such as in starvation, dieting, or
serious illness or injury.

Fatty Acids. Fatty acids are molecules containing carbon. hydrogen, and
oxygen with chain lengths ranging from 4 to about 25 carbon atoms. A small
amount of food fat occurs as phospholipid. Most fat in food, however,
occurs as triglycerides, three fatty acid chains attached to a glycerol
molecule. Triglycerides are called fats or oils depending on whether they
are solid or liquid at room temperature. Both provide concentrated sources
of metabolizable energy, about 9 kcal/g, more than twice the level of either
proteins or carbohydrates. Recent studies suggest that the caloric value of
fat may appear even higher in growing rats, reflecting greater efficiency of
utilization under certain circumstances (Donato and Hegsted 1985; Donato
1987).
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The fatty acids commonly found in food are usually composed of an even
number of carbon atoms, usually 12 to 22, and contain from 0 to 6 double
bonds—sites where additional hydrogen atoms can be attached. The
number of double bonds determines the degree of saturation of fats. Fatty
acids with no double bonds are saturated, those with one double bond are
monounsaturated, and those with two or more double bonds are polyun-
saturated.

Although all dietary fats consist of a mixture of saturated, monounsatu-
rated, and polyunsaturated fatty acids, fatty acids in foods of animal origin
are more often saturated, while those in plants are more likely to be
monounsaturated and polyunsaturated. There are some important excep-
tions to this generalization. Coconut oil and palm kernel oil contain a high
proportion of saturated fatty acids even though they are derived from
plants, and as discussed below, certain fish are good sources of poiyunsatu-
rated fatty acids.

The location of double bonds along the carbon chain is also of physiologic
importance. The site of the double bonds is used to categorize unsaturated
fatty acids into three groups—the omega-3, omega-6, and omega-9 fatty
acids. In the metabolism of fatty acids, the end of the carbon chain
containing the methyl group (whose carbon atom is known as the omega
carbon) tends to remain unchanged, whereas enzymes can add or subtract
carbon atoms or double bonds starting from the end of the molecule that
contains the carboxyl group. For convenience, the chemical features of
fatty acids are usually described in terms of the structure at the methyl end
of the chain. Oleic acid has nine carbon atoms between its methyl omega
carbon atom and its closest double bond, so it belongs to the omega-9
family of fatty acids. Linoleic acid and the compounds to which it is
connected in the body have six carbons between their omega carbons and
closest double bonds, and they are omega-6 fatty acids. Linolenic acid and
its derivatives have three carbons between the omega carbon and the
closest double bond and are omega-3 fatty acids.

Monounsaturated omega-9 fatty acids such as oleic and palmitoleic acids
are not essential in the human diet because they can be synthesized
biochemically within the body. Linoleic acid, an omega-6 fatty acid, can-
not be synthesized by the human body and must be consumed in the diet. It
is a component of cell membranes and is required for the synthesis of
arachidonic acid, the major precursor of prostaglandins, prostacyclins,
thromboxanes, and leukotrienes that influence many physiologic pro-
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cesses, including blood vessel dilation, platelet aggregation, smooth mus-
cle contraction, inflammation, and reproduction. Linoleic acid is widely
distributed in the fatty portion of both plant and animal foods. Vegetable
seed oils are especially rich sources. Symptoms of its deficiency have been
reported among infants restricted to skim milk and among children and
adults fed intravenous solutions lacking fat (Rivers and Frankel 1981).
Linoleic acid deficiency can be prevented by consuming about 3 to 5 g of
linoleic acid a day, an amount considerably less than that consumed by the
average adult in the United States. Thus, essential fatty acid deficiencies
are reported rarely in the United States (NRC 1980).

The role of omega-3 fatty acids, particularly eicosapentaenoic acid and
docosahexaenoic acid, in human nutrition and heaith is under active inves-
tigation. Omega-3 fatty acids are present in the human brain, retinal lipids,
and phosphoglycerides of synaptic membranes. Of current interest are the
potential health effects of these highly polyunsaturated fatty acids derived
from linolenic acid (omega-3).

Recent epidemiologic, clinical, and experimental data suggest that
omega-3 fatty acids may have important physiologic effects that cannot be
met by omega-6 or omega-9 fatty acids. Some of these effects are reviewed
in the chapter on coronary heart disease.

Cholesterol. Cholesterol is a fatty substance required for synthesis of sex
hormones, bile acids, and vitamin D, and it is an important constituent of
all cell membranes. It is both synthesized in the body (endogenous) and
obtained from the diet (exogenous) and is not, therefore, an essential
nutrient. In normal individuals, endogenous synthesis of cholesterol is
reduced when blood cholesterol levels are high. When the physiologic
mechanisms that regulate this feedback mechanism are insufficient, blood
cholesterol levels can rise and increase the risk for coronary heart disease
{see that chapter). Dietary cholesterol is found only in foods derived from
animals (meat, poultry, fish, eggs, and dairy products); it is not present in
plants.

Protein

Body proteins serve many functions; they include structural components
of cells and tissues, enzyme catalysts of biochemical reactions, peptides
and hormone messengers, and components of the immune system. The
amino acids in proteins can also serve as sources of energy, and most can
be used to synthesize glucose when dietary carbohydrate is inadequate.
Some amino acids are needed for the synthesis of special compounds;
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tryptophan, for example, is required for synthesis of serotonin (a neu-
rotransmitter) and niacin (a vitamin).

Proteins are formed from various combinations of amino acids that are
linked together in chains ranging from several to hundreds in length. Each
plant and animal species has its own characteristic proteins that are distin-
guished by the sequence of amino acids. Plants can synthesize all of their
amino acids from the elements carbon, oxygen, hydrogen, nitrogen, and
sulfur, but humans lack the ability to synthesize at least eight amino acids
and must obtain them from the diet. The rest are called nonessential amino
acids because, although needed for protein synthesis, they are not required
in the diet. Essential amino acids include isoleucine, leucine, lysine, methi-
onine, phenylalanine, threonine, tryptophan, and valine. The amino acid
cystine can replace part of the requirement for methionine, and tyrosine
can replace part of the requirement for phenylalanine. Histidine is an
essential amino acid for infants, but its essentiality for adults has not been
conclusively demonstrated (NRC 1980).

The proteins in different foods vary in their biologic value due to their
content and balance of amino acids. When the concentration of one essen-
tial amino acid is low relative to the others, that amino acid is considered
limiting and the protein is said to be incomplete. The presence of limiting
amino acids in incomplete proteins can be compensated for at least par-
tially by dietary intake of complementary proteins, those with different
limiting amino acids. When consumed together or within a short time (the
exact length of time has not been defined), such proteins can meet require-
ments for essential amino acids. This explains, in part, why strict vege-
tarians can maintain good health without eating foods derived from ani-
mals. The addition of even a small amount of protein from animal foods can
improve amino acid intake. The RDA's for protein intake of men, women,
and children of different ages are given in Table 1-6.

Vitamins

Vitamins are organic (carbon-containing) compounds that are essential in
very small amounts for health, growth, and reproduction. They must be
obtained from the diet either because they cannot be synthesized at all by
the body or because the amounts made are insufficient to meet require-
ments. Vitamins are classified according to their solubility in fat or water,
and this property affects their occurrence in foods as well as their absorp-
tion, transport, storage, and metabolism.
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Fut-Soluble Vitamins. The fat-soluble vitamins are vitamins A, D, E, and
K. These vitamins are generally found in high concentrations in the fatty
portions of food and are absorbed, transported, metabolized, and stored
along with fat. Their absorption requires bile and dietary fat. They are
transported in the body by the same mechanisms by which fat is trans-
ported, are bound to lipoproteins or specific transport proteins, and are
stored in liver and fat tissue. Fat-soluble vitamins are excreted into the
intestine in bile and are either reabsorbed or are eliminated in feces. They
are not excreted to any appreciable extent in urine. Because excretion of
fat-soluble vitamins is minimal, excess intake is more likely to cause
toxicity symptoms. For the same reason, deficiencies are reported rarely
among healthy adults, although they are observed among children who are
growing rapidly and who lack adequate fat stores and among children or
adults who have disease conditions that interfere with fat metabolism, such
as malabsorption, biliary obstruction, or renal or liver disease. The RDA’s
for vitamins A, D, and E are given in Table 1-6; the estimated safe and
adequate intake of vitamin K is shown in Table 1-7.

Vitamin A is present in the diet both as the vitamin and its precursor.
Retinol, or preformed vitamin A, is found in foods derived from animals
(milk, butter, egg yolks, liver) and, when bound to a fatty acid, is used to
fortify many foods. Retinol occurs in foods primarily in the ester form.
Certain carotenoids (pigments found in many dark green, yellow, and
orange vegetables, fruits, and egg yolks) can be converted by the body into
retinol. The conversion of beta-carotene into retinol occurs mainly in the
intestinal mucosa. Retinol circulates in the plasma bound to a specific
transport protein called retinol-binding protein. Excess amounts are stored
in the liver. Excessive intake of retinol has caused toxic symptoms (head-
ache, skin and bone disorders, and renal failure) among people consuming
abnormally large amounts of vitamin supplements, or—less commonly—
liver from animals with high vitamin A levels (Selhorst et al. 1984; Ma-
honey et al. 1980). High intakes of retinol supplements have also been
associated with birth defects (Rosa 1986); synthetic retinoid analogs, used
to treat a variety of skin disorders (Bollag 1983), can cause fetal malforma-
tions. They are hazardous to pregnant women or women planning to
become pregnant (Lammer et al. 1985) and should be used only under
medical supervision. Excess amounts of beta-carotene are stored in body
fat deposits. Excessive intake of foods rich in beta-carotene, such as
carrots, is not known to cause toxic effects. It raises levels of carotene in
the blood and can cause the skin to take on an orange color that disappears
when the carotene consumption declines. Vitamin A is essential for visual
processes, for the normal differentiation of epithelial tissue, for the regula-
tion of cell membrane structure and function, and for the maintenance of
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immunocompetence. Vitamin A deficiency, through adverse effects oneye
epithelial tissues, is a major cause of blindness among children in many
developing countries, and it is also responsible for substantial additional
illness. Recent studies of children consuming inadequate levels of retinol
or carotenes suggest that retinol supplementation may improve their sur-
vival (Sommer et al. 1986; Tarwotjo et al. 1987).

Vitamin D, (cholecalciferol or caiciol) is synthesized from a precursor (7-
dehydrocholesterol) in skin that becomes activated by exposure to ultra-
violet light from the sun. It is essential in the diet only when exposure to sun
is inadequate. The vitamin is converted by the liver to 25-dihydrox-
yvitamin D (caicidiol) and then further converted by the kidney to 1,25-
dihydroxyvitamin D (calcitriol), the metabolically active form. Excess
vitamin D can be toxic, especially to children and adults who have kidney
disease or certain metabolic disorders. The metabolism and functions of
vitamin D are reviewed in detail in the skeletal diseases chapter.

Vitamin E functions as an antioxidant. Its principal dietary sources are
vegetable seed oils. Its deficiency has been associated with a hemolytic
anemia in premature infants and with neurologic symptoms in adults.
Vitamin K functions as an activator of blood clotting proteins, proteins in
bone and kidney, and the formation of other proteins that contain gamma-
carboxyglutamic acid (GLA). It is synthesized by intestinal bacteria. Thus,
deficiencies generally occur only in infants whose intestinal flora has not
yet been established, in children and adults receiving antibiotic or anti-
coagulant therapy (see chapter on drug-nutrient interactions), and in indi-
viduals with disease conditions that interfere with intestinal absorption.
Vitamins E and K are less toxic than vitamins A or D.

Water-Soluble Vitamins. The water-soluble vitamins include vitamin C
(ascorbic acid) and those of the B-complex group: biotin, folate, niacin,
pantothenic acid, riboflavin, thiamin, vitamin B, and vitamin B,,. The
RDA’s for vitamin C, thiamin, riboflavin, niacin, vitamin B, folacin, and
vitamin B,, are presented in Table 1-6; the safe and adequate ranges of
intake of biotin and pantothenic acid are given in Table 1-7. These vitamins
are generally found in whole grain cereals, legumes, leafy vegetables, and
meat and dairy foods. The two exceptions are vitamin C, which can be
obtained in adequate amounts only from fruits and vegetables, and vitamin
B,,. which is made by bacteria and found only in foods of animal origin.
Water-soluble vitamins are absorbed from the intestine, and most are
stored in a form that is bound to enzymes or transport proteins and
excreted in urine. Thus, they should be supplied in adequate amounts in the
daily diet even though tissue depletion may take as long as weeks or
months.
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Water-soluble vitamins are essential components of enzymes and enzyme
systems that catalyze a wide variety of biochemical reactions in cellular
energy production and biosynthesis. Thus, deficiencies of these vitamins
particularly affect tissues that grow or metabolize rapidly, such as skin,
blood, and the cells of the digestive tract and nervous system. Common
deficiency symptoms are skin disorders, anemia, malabsorption and diar-
rhea, neurologic disorders, and defects in tissues of the mouth. Specific
vitamin deficiencies infrequently occur in the United States. When defi-
ciencies occur, they usually are found along with other deficiencies and are
due to diseases or to consumption of highly restricted diets or excessive
amounts of alcohol or drugs that interfere with vitamin metabolism. The
risk for deficiencies is greater in growing infants (see maternal and child
nutrition chapter) and, perhaps, in older persons (see chapter on aging).
Substantial intake of these vitamins causes toxicity infrequently, although
severe toxic reactions have been reported from very excessive intakes of
niacin and vitamin B.

Minerals

Minerals perform a number of roles in the body. They function as inorganic
components of enzyme systems that catalyze the metabolism of protein,
carbohydrate, and lipids. Some act to regulate fluid and electrolyte bal-
ance, to provide rigidity to the skeleton, and to regulate the function of
muscles and nerves. Minerals also work together with vitamins, hormones,
peptides, and other substances to regulate the body’s metabolism.

Essential minerals are often classified as macrominerals, required in
amounts from several hundred milligrams to 1 or more grams a day (cal-
cium, phosphorus, magnesium, sodium, potassium, and chloride), or as
trace elements—iron, zinc, iodine, copper, manganese, fluoride, chro-
mium, selenium, molybdenum, and cobalt (as a component of vitamin
B,,)—which are required in small amounts (Underwood 1977). Other
minerals such as nickel, vanadium, silicon, or boron have been shown to be
essential under rigorous conditions for experimental animals but do not
have well-established functions in humans. Still others, such as lead or
mercury, are potentially toxic. RDA’s for six minerals are given in Table
1-6. Ranges of dietary intake considered safe and adequate are given for
nine others in Table 1-7.

Minerals are distributed in a variety of foods, but they usually are present

in limited amounts. Thus, diets must contain enough of a variety of foods to
meet daily requirements. People consuming diets low in energy for pro-
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longed intervals are at risk of developing mineral deficiencies. Deficiencies
can also resuit from therapy with medications that interfere with mineral
absorption and metabolism; alcoholism, renal disease, or gastrointestinal
diseases (see relevant chapters); and causes of mineral loss such as bleed-
ing or diarrhea. Toxic symptoms can result from consumption of excessive
amounts of almost any mineral or as a result of defective regulation of
absorption or inadequate excretion.

Dietary Patterns

There are two types of data for monitoring dietary patterns: food availabili-
ty and dietary intake. Food availability data are derived from annual
estimates of per capita availability of selected commodities in the food
supply. These data are useful in examining changes over time in the
availability of agricultural commodities. Estimates of dietary intake come
from periodic national food consumption surveys of individuals.

Time Trends in the Availability of Foods

Food availability data are produced by the USDA and are derived from
annual production and marketing estimates of food products that are then
usually adjusted for imports, exports, and stock changes. Such data have
been collected since 1909 and have been published as a historical series
from 1909 to the mid-1960’s (USDA 1968). Data for the most recent 20
years are published annually (Bunch 1987). Per capita estimates of food
availability are derived by dividing the total amount of food available by the
total U.S. population. These data represent economic rather than phys-
iologic consumption because they estimate the amount of food available at
wholesale and retail levels rather than actual intake by individuals. Certain
limitations restrict use of such data as proxies for consumption—for exam-
ple, the difficuity in correcting for wastes and losses that occur before
consumption by individuals, for inedible food components and food for
human consumption fed to pets, or for variabilities in intakes of population
subgroups.

Nonetheless, food availability data provide useful information when used
within their appropriate limits of interpretation. Time trend changes in
availability of foods are best estimated from these data because the data
have been available on an annual basis for many years. At the current time,
these data are also the best source of information for tracking changes in
the use of commodities or products that can be substituted for one another
(e.g., partial substitution of high-fructose corn syrup for refined sugar).
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A summary of the recent trends is noted below, taken mainly from the data
of the last two decades as presented in Table 1-8 (Bunch 1987), but in part
from the early data series as well (USDA 1968).

Ov eral', total per cnp-fa availability of meat, poultry, and fishin

about 10 percent since 196567, primarily due to increases in poultry and
fish and shellfish. Availability of red meat increased substantially after
World War 11 (USDA 1968) but, after peaking in about 1970, has since
declined to approximately 1965-67 levels.

Egyg availability reached its peak about 1950. During the past 20 years, it
has declined by about 18 percent; this is approximately equivalent to a
decrease of one egg per week per person (from about six to five eggs per
week).

The availability of fluid whole milk declined by 48 per~-ut from 1965-67,
while available levels of low-fat milk and milk products (including yogurt)
more than doubled from 1965-67 to 1983—85. Cheese availability also more
than doubled during this period.

Availability of fats and oils increased by approximately 23 percent since
196567, primarily due to a 77 percent increase in salad and cooking oil and
a 36 percent increase in shortening. Butter availability was about 18 1b per
capita per year in 1909 (USDA 1968) and has declined to about 5 Ib,
including about a 20 percent decline since 196567 (Bunch 1987). Availabil-
ity of total animal fat also declined by 198385, to levels approximately 80
percent of those in 1965-67, but with a slight recent increase. Over the two
decades, vegetable sources increased from 67 percent to 79 percent of all
fats and oils—in marked contrast to the first half of the century when
animal sources provided most of the fats and oils (USDA 1968).

As noted earlier, these data represent availability of commodities and thus
do not necessarily reflect changes in actual intakes of fats and oils by the
U.S. population. For example, there is no correction for losses of fats and
oils used for deep fat frying, which are discarded after use rather than
consumed. Second, the bulk data represent only fats and oils that are added
to foods or used in table spreads; they do not include “hidden” fats in foods
such as marbled fat in meats or the fats in nuts.

Vegetable and fruit availability increased from 1965-67 by 19 percent and 7
percent, respectively, primarily due to increases in availability of fresh
produce. There was, however, no consistent change in availability of
legumes (beans, peas, and nuts) or starchy vegetables (potatoes and sweet
potatoes).
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Table 1-8

Annual Per Capita Availability of Selected Commodities in the
U.S. Food Supply, 1965-1985¢

(pounds)

Year

1965-67
1968-70
1971-73
1974-76
1977-719
1980-82
198385

Meat, Poultry, and Fish®

Meat

123.6
130.8
129.5
128.7
126.2
120.9
120.9

Poultry

30.6
33.0
35.1
35.5

Fish and
Shelifish

10.8
11.3
12.3
12.4
13.0
12.7
13.8

Total

165.0
175.1
176.9
176.6
179.3
177.8
182.3

Eggs

40.0
39.5
38.2
35.1
34.6
339
32.8

Dairy Productsd

Fluid
Whole
Milk

240.3
219.5
199.2
176.0
155.9
138.1
125.3

Low-fat Milke
and Milk
Products

(fluid)

41.7
54.6
69.3
82.9
95.3
101.7
111.4

Cheesef

9.8
11.0
129
14.9
16.8
18.7
21.5

Totals

343.9
334.6
3217
317.1
310.2
299.7
301.7

aTotals may include more categories than the selected commodities.

bMeat (beef, veal, pork, lamb), poultry, and fish, edible weight. Fish excludes game fish (Bunch 1987, Table 9, p. 15).
cEggs, retail weight. Weight of a dozen eggs is assumed to be 1.57 Ib (Bunch 1987, Table 8, p. 14).

d Dairy products are for civilian population, except fiuid milk and cream data, which use U.S. resident poputation (Bunch 1987, Table 10, p. 16).

eLow-fat and other milk products include low-fat, skim, buttermilk, flavored drinks, and yogurt.

fCheese is whole and part-whole milk cheese, excluding pot, baker's, and cottage cheese.
aTotal dairy products calculated as total retail product weight minus butter (Bunch 1987, Table 10, p. 16). Includes frozen dairy products, cot-
tage cheese, and other products not indicated in table. The amount of calcium contributed by this food group has actually increased slightly

during the 20-year period shown, as a result of increases in products such as dry milk powder.
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Table 1-8 (continued)

Fats and Qilsh Fruitsi
Animal Vegetable
Salad and
Total Cooking Total
Year Butter Lard Animal Margarine Shortening Oil Vegetable Total Fresh Processed Total
1965-67 5.9 5.7 16.9 10.3 15.4 12.6 35.2 521 79.0 35.3 114.3
196870 5.5 5.0 16.0 10.7 16.9 14.4 38.8 549 77.1 37.6 114.7
1971-73 49 3.7 14.1 11.0 17.2 16.7 41.9 56.0 75.5 39.4 114.9
1974-76 4.5 29 11.6 11.4 17.2 18.5 44.8 56.4 79.9 40.6 120.5
1977-79 4.4 2.3 11.6 11.3 17.9 20.0 46.3 579 80.4 39.8 120.2
1980-82 4.4 2.5 12.8 11.2 18.4 21.6 48.1 60.9 84.8 37.1 121.9
1983-85 49 2.0 13.5 10.5 20.9 22.3 50.6 64.1 879 34.8 122.7

hFood fats and oils calculated on a total population basis except butter, which is based on civilian population (Bunch 1987; animal and vegeta-
ble fats are from Table 2, p. 7; butter, lard, margarine, shortening, and salad and cooking oil are from Table 12, p. 18). The animal and vegeta-
bie categories are not strictly distinct because some margarines and shortenings include animal fats.

I Selected fruits, retail weights. Include fruits for which data are available for the entire series: oranges, tangerines, tangelos, lemons and limes,
grapefruit, apples, avocados, bananas, cherries, grapes, nectarines, peaches, pears, pineapples, plums and prunes, strawberries, minor fruits,
and a variety of canned, frozen, and chilled fruit and juices (Bunch 1987, Table 2, p. 7).
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Table 1-8 (continued)

Year

196567
1968-70
1971-73
1974-76
1977-79
1980-82
1983-85

Vegetables

Fresh Processed Total

62.6
65.2
66.1
68.9
7.7
74.3
79.7

104.0
110.6
112.0
115.0
117.7
118.6
123.3

Beans,
Peas, and
Nuts

14.8
14.8
14.2
15.1
14.3
" 14.0
14.6

Potatoesk
and
Sweet
Potatoes

84.5
85.1
80.6
81.5
81.5
76.3
79.5

Fiour and
Cereal
Products

143.8
141.9
138.5
143.6
145.8
150.2
150.5

Sugar and Sweeteners!

Refined
Cane
and Beet

97.6
100.6
101.7

92.7

91.7

78.9

67.4

Corn
Sweeteners

[ N
OC s X 19 L

4.4
58.3

Total
Caloric
Sweeteners

114.8
120.4
125.0
121.4
126.8
i24.6
127.}

Coffee, Tea
and Cocoa

15.1
14.5
14.2
13.1
11.1
i3
11.6

i Selected vegetables: fresh vegetables for which data are available for entire series include broccoli, carrots, cauliflower, celery, corn, lettuce,
onions and shallots, and tomatoes; 1985 data for processed vegetables are unavailable (Bunch 1987, Table 2, p. 7).
kPotatoes and sweet potatoes: data not comparable to pre-1960 figures. Data revised to reflect conversion from processed weight to fresh-
weight equivalent 1o dehydrated potatoes, frozen potatoes, chips, and shoestrings (Bunch 1987, Table 2, p. 8).
! Sugars and sweeteners, dry weight basis (Bunch 1987, Table 27, p. 33).
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Availability of flour and cereal products showed both decreasing and
increasing fluctuations during the 20-year period; 1983-85 levels were
approximately 5 percent higher than 196567 levels. Availability of grains
was at its lowest point this century in 1971-73, but has since increased by
about 9 percent.

Availability of sugars and sweeteners increased by about 11 percent since
1965-67. It should be noted that the availability data for sugars and sweet-
eners are for bulk commodity forms only; they do not include estimates of
sugars that are consumed as a natural constituent of food products, for
example, lactose in milk or sugars naturally present in fruits.

Availability of coffee, tea, and cocoa decreased approximately 25 percent
since 1965-67.

Current Dietary Intakes

Food consumption surveys can be used to estimate food and nutrient
intakes of populations and population subgroups. The most recent nation-
ally representative survey is the first Continuing Survey of Food Intakes by
Individuals (CSFII), conducted by the USDA in 1985. Data are limited to
three subgroups: children 1 through S years and adult men and women 19
through 50 years of age. Results are presented based on 1 day of intake
(Table 1-9). When applicable, estimated mean intakes are compared with
recommendations in the latest report on RDA’s (NRC 1980). In interpret-
ing results, it should be noted that the RDA’s (except for energy) have a
margin of safety above average requirements. Thus, diets that do not meet
the RDA’s do not by themselves provide conclusive evidence of nutritional
deficiencies. Corroborating health data are needed.

Food Energy. Men and children had estimated mean intakes of more than
90 percent of the Recommended Energy Intakes (REI); for women, the
estimated mean intake was 82 percent of the REL

Total Fat, Farty Acids, and Cholesterol. Fat contributed 34 percent of total
energy intake for children and 36 to 37 percent for men and women. The
relative fatty acid contributions were approximately 40 percent saturated,
40 percent monounsaturated, and 20 percent polyunsaturated. Ch