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PREFACE v

Preface

Heightened interest in reducing the risk of three of the most dreaded diseases--heart diseases, cancer, and
stroke--has resulted in periodic efforts to “improve” food habits. These efforts attracted national attention during
the last decade when a White House conference and congressional hearings explored the state of our knowledge
concerning the status and health effects of nutrition in the United States. During the hearings there were inquiries
about the relative emphasis placed on nutritional factors in the research strategy of the National Cancer Institute
(NCI). The study described in this report is an outgrowth of these inquiries.

In June 1980, the NCI commissioned the National Research Council (NRC) to conduct a comprehensive
study of the scientific information pertaining to the relationship of diet and nutrition to cancer. The NCI
requested that the study committee (1) “review ... the state of knowledge and information pertinent to diet/
nutrition and the incidence of cancer”; (2) “develop a series of recommendations related to dietary components
(nutrients and toxic contaminants) and nutritional factors which can be communicated to the public”; and (3)
“based on the above state-of-the-art appraisals and the identification of gap areas, develop a series of research
recommendations related to dietary components and nutritional factors and the incidence of cancer.” The agency
also asked that two reports be prepared: the first to advise the NCI and the public whether evidence indicates that
certain dietary habits may affect the risk of developing cancer and the second to inform NCI and the scientific
community about useful directions research might take to increase our knowledge in this area. The first report is
contained in this volume. It summarizes the most relevant scientific information on diet and cancer and
recommends several interim dietary guidelines for dissemination to the public. In the second report, which is
expected to be completed in approximately 1 year, the committee will consider potentially profitable areas for
future research.

The NRC Governing Board assigned administrative responsibility for this project to the Executive Office of
the Assembly of Life Sciences (ALS). Subsequently, a 13-member committee and one advisor were appointed to
conduct the study. The diverse expertise represented on the committee includes such disciplines as biochemistry,
microbiology, embryology, epidemiology, experimental oncology, internal medicine, microbial genetics,
molecular biology, molecular genetics, nutrition, nutrition education, public health, and toxicology. Institutional
affiliations and major research interests of the committee members and the staff are presented in Appendix A at
the end of this report. This multidisciplinary composition has served to ensure comprehensive coverage of the
scientific literature and to provide a broad perspective to the committee's conclusions. The work of the
committee has been aided by extensive consultation with scientific colleagues, by specially arranged technical
conferences on

Copyright © National Academy of Sciences. All rights reserved.
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PREFACE vi

specific subjects, and by a public meeting to receive such additional information and advice as scientists and
others wished to provide.

Food, nutrition, diet, and cancer are terms that encompass a very broad subject area, and the already vast
accumulation of literature on the interrelationship of these factors is growing rapidly. Thus, the committee began
its work by developing a preliminary map of its “territory.” Having initially interpreted its charge to mean that
no part should be arbitrarily excluded, the committee came to recognize that it would be wasteful to duplicate
effort, especially when certain subjects have recently been evaluated in detailed reviews. After careful
consideration, the decision was made to refer the reader to these comprehensive reviews and to concentrate in
this report on the relationship between diet and its nutritional components and cancer in a narrower sense.
Subjects not covered in detail include the health effects of nitrate, nitrite, and N-nitroso compounds, which have
recently been studied by another ALS committee, and drinking water--a carrier of nutrients and potential toxic
substances--also examined by an ALS committee. The Committee on Diet, Nutrition, and Cancer evaluated the
evidence for selected contaminants and food additives, but did not discuss them in detail because the emphasis in
this report is placed on the selection of particular foods or dietary regimens made by individuals or population
groups, and the significance of these choices for cancer incidence.

During its preliminary mapping of territory, the committee recognized that its charge does not include the
evaluation of diet and nutrition in relation to cancer therapy, but rather it stipulated that the committee's effort be
directed toward the assessment of these factors in the etiology and prevention of cancer.

The committee is aware that several aspects of its charge are matters of controversy, either within the
scientific and medical community or among the general population. Controversies are inevitable when data are
neither clear-cut nor complete. Interpretations then depend on the criteria selected for evaluation and are
influenced by individual or collective judgment. The committee has attempted to present the evidence as
objectively as possible and to indicate the range of scientifically acceptable interpretation. It hopes that the
results will be useful to all interested parties. The charge to the committee also included a request for dietary
recommendations that could be used in the formulation of public policy. Although the committee decided that
the data base is not yet adequate for firm recommendations to be made, it did conclude that there was sufficient
justification for certain interim guidelines, which are presented in the Executive Summary (Chapter 1) of this
report.

Scientifically valid data on diet and nutrition in relation to cancer are provided by three major sources:
epidemiological studies on human populations; experimental studies on animals; and in vitro tests

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

[0
(2]
©
o
o
°
O
=
[0}
(2]
£
>
©
Io!
C
(0]
o
Q
[&]
@®@
c
[0
[0}
Ke]
(]
>
©
c
>
@®
IS
[2]
o
]
e
£
(0]
Q
<
Q.
[
o
D
o
o
>
2
(0]
€
(o]
(1)
©
C
©
o
(0]
£
©
&
[0
e
(0]
Ke)
-
o
c
C
®
o
~
(]
>
[}
2
o
N
&
C
E
@®
IS
£
]
o
L
=
[$]
[0
Q.
({J
D
C
£
[0}
(7]
[0
(o}
>
2
o
(0]
L
£
o
©
C
©
%)
@
>
=
2]
D
£
©
©
(0]
Ny
)
x
[
]
o
o
e
2
o
B
%)
L
S
D
c
K}
(0]
£
©
£
2
=
(]
(0]
L
S
o
Ie]

o
iel
=
>3
2
=
=]
©
=
<}
Rel
c
kel
7]
&2
o
>
[
=
=
©
8
=
e}
<
=
>
®©
©
<
£
(2]
©
o
hel
=
T
o
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

PREFACE vii

for genetic toxicity. All three types of studies provide useful information, especially when data derived from all
sources point in the same direction. Accordingly, after a general introduction, this report presents the
epidemiological and laboratory evidence for individual components of the diet, giving special attention to the
degree of concordance between the epidemiological and experimental evidence. Nutrients are reviewed in
Section A, and nonnutritive components are reviewed in Section B. Because of the great interest in the possible
etiological and preventive roles of the dietary factors reviewed in Section B, a separate chapter is devoted to
constituents that may act as inhibitors of carcinogenesis.

The trends in cancer incidence have been the subject of intense public interest and constant debate among
scientists. Although this report does not purport to examine this issue in detail, Section C (Chapter 16 and
Chapter 17) summarizes the current state of knowledge while focusing on the role that diet plays in the incidence
of cancer at specific sites. Chapter 18 describes a framework for risk assessment with particular attention to the
nuances that must be taken into account when quantifying the effects of so complex a mixture as diet.

In the Executive Summary (Chapter 1), the committee has assembled a general picture of the role of dietary
and nutritional factors in the development and prevention of cancer from the detailed information presented in
other chapters. The report concludes with a glossary of technical terms.

The committee particularly wishes to commend the able and devoted assistance of an NRC staff headed by
Dr. Sushma Palmer, and consisting of Dr. Kulbir Bakshi, Mrs. Frances Peter, Mrs. Leslie Graybill, Mr. Robert
Hilton, Mrs. Susan Barron, Mrs. Dena Banks, and Mrs. Eileen Brown.

The committee is also greatly indebted to Drs. Kenneth D. Fisher and Richard G. Allison from the
Federation of American Societies for Experimental Biology; Dr. Michael Kazarinoff from Cornell University;
Dr. Dietrich Knorr from the University of Delaware; Dr. Angela Little from the University of California at
Berkeley; and Dr. Leonard Stoloff of the Food and Drug Administration, who served as consultants and in this
capacity wrote manuscripts for the consideration and use of the committee, and extends thanks to those who gave
testimony at the public meeting or, upon request, presented data and engaged in discussions during committee
meetings, conferences, or workshops. Many others, especially Drs. Willard Visek, Kenneth Carroll, Morris Ross,
Juanell Boyd, Joseph Rodricks, and Elizabeth Weisburger, also provided valuable advice to the committee from
time to time.

Furthermore, the committee is grateful to Drs. Andrew Chiarodo and Diane Fink, the current and former
project officers for this study at NCI, for their continuous interest and support; to Drs. Alvin G. Lazen and
Robert Tardiff of the NRC staff; to members of the Board
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on Toxicology and Environmental Health Hazards for their advice in the planning of this study; to Ms. Barbara
Jaffe, Miss Virginia White, and the staff of the Toxicology Information Center for their assistance and
cooperation in supplying bibliographic material; to Ms. Estelle Miller and her coworkers at the NRC Manuscript
Processing Unit; and to Mrs. Cecil Read, Mrs. Barbara Wensus, Mrs. Barbara Smith, and Mrs. Ute Hayman for

their constant support in the preparation of the report.
@&aﬁ}@&aﬁﬁ/

CLIFFORD GROBSTEIN
Chairman

Committee on Diet, Nutrition, and Cancer
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EXECUTIVE SUMMARY 1

1

Executive Summary

Scientific pronouncements are usually viewed by the public as carrying a rather high level of certainty.
Therefore, scientists must be especially careful in their choice of words whenever they are not totally confident
about their conclusions. For example, it has become absolutely clear that cigarettes are the cause of
approximately one-quarter of all the fatal cancers in the United States. If the population had been persuaded to
stop smoking when the association with lung cancer was first reported, these cancer deaths would now not be
occurring. Twenty years ago the “stop-smoking” message required some rather cautious wording. Today, the
facts are clear, and the choice of words is not so important.

The public often demands certain kinds of information before such information can be provided with
complete certainty. For example, weather forecasting is often not exact; nevertheless, the public asks that the
effort be made, but has learned to accept the fact that the results are not always reliable.

The public is now asking about the causes of cancers that are not associated with smoking. What are these
causes, and how can these cancers be avoided? Unfortunately, it is not yet possible to make firm scientific
pronouncements about the association between diet and cancer. We are in an interim stage of knowledge similar
to that for cigarettes 20 years ago. Therefore, in the judgment of the committee, it is now the time to offer some
interim guidelines on diet and cancer.

Approximately 20% of all deaths in the United States are caused by cancer. Although the number of cancer
cases is steadily increasing as the population grows, the age-adjusted total cancer incidence and mortality rates
for sites other than the respiratory tract (cancers of which are primarily due to cigarette smoking) have as a
whole remained stable during the last 30 to 40 years.

The search for the causes of cancer has been an important branch of cancer research. Considerable effort
has been devoted to studying the influence of both environmental and genetic factors on the incidence of cancer.
In the course of this research, it has become clear that most cancers have external causes and, in principle, should
therefore be preventable. For example, blacks and Japanese residing in the United States develop the spectrum of
cancers that is typical for the United States but different from that in Africa and Japan.

But what might these external causes be? Many factors in our environment are potential causes of cancer.
They include substances in the air we breathe, the water we drink, the regions in which we work and
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EXECUTIVE SUMMARY 2

live, and the foods we eat. Our exposure to some of these factors varies in ways that can be precisely measured.
For most factors, however, the measurement of the exposures and the assessment of their effects are neither
precise nor straightforward. Among the factors whose precise effects are difficult to assess are the diets
consumed by different groups of people. The measurements are difficult not only because it is hard to learn what
people eat but also because the foods comprising their diets are so complex.

Studies of the association between diet and cancer have focused on cancers of the gastrointestinal tract, the
breast and other tissues susceptible to hormonal influence, and, to a lesser extent, the respiratory tract and the
urinary bladder. After assessing the resultant literature, the committee concluded that the differences in the rates
at which various cancers occur in different human populations are often correlated with differences in diet. The
likelihood that some of these correlations reflect causality is strengthened by laboratory evidence that similar
dietary patterns and components of food also affect the incidence of certain cancers in animals.

Chapter 16 and Chapter 17 provide information about the trends in cancer incidence and the relationship
between diet and the incidence of cancer at specific sites.

Epidemiologists have found it relatively easy to demonstrate a correlation between diets consumed in
modern affluent societies and the incidence of cancers in such organs as the breast, colon, and uterus. But it has
proved to be much more difficult to establish causal relationships and to determine which, if any, of the dietary
components is responsible.

Similarly, difficulties are encountered in laboratory experiments. Like humans, most animals have a
significant incidence of cancer in old age, and the rates of these cancers often tend to be affected by changes in
diet. However, the influence of diet on spontaneous and experimentally induced cancers is not easily investigated
because the underlying mechanisms and molecular biology of the cancers are still not fully understood. Indeed,
the effects of diet were often regarded as a nuisance--i.e., yet another variable standing between the investigators
and their measurement of carcinogenicity. As a consequence, researchers have only recently returned to the
study of diet as a factor in carcinogenesis.

It is possible that research in progress will generate more definitive information that will be useful in
formulating dietary recommendations to minimize the risk of cancer. In the meantime, the committee believes
that the evidence at hand justifies certain interim guidelines. These guidelines appear at the end of this chapter
following a summary of the committee's findings and the conclusions it believes can be drawn from the scientific
evidence.
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EXECUTIVE SUMMARY 3

SUMMARY AND CONCLUSIONS

Dietary Patterns and Components of Food

Since the turn of the century, new methods of processing and storage have resulted in a proliferation of the
kinds and numbers of food items available to the U.S. population. Unfortunately, little is known about the ways
in which such innovations have altered the specific composition of the diet. The only components of food that
have been monitored regularly are the nutrients. The dietary levels of most nutrients have changed relatively
little over the past 80 years.

Attempting to determine which constituents of food might be associated with cancer, epidemiologists have
studied population subgroups, including migrants to the United States, to examine the relationship between
specific dietary patterns or the consumption of certain foods and the risk of developing particular cancers. In
general, the evidence suggests that some types of diets and some dietary components (e.g., high fat diets or the
frequent consumption of salt-cured, salt-pickled, and smoked foods) tend to increase the risk of cancer, whereas
others (e.g., low fat diets or the frequent consumption of certain fruits and vegetables) tend to decrease it. The
mechanisms responsible for these effects are not fully understood, partly because nutritive and non-nutritive
components of foods may interact to exert effects on cancer incidence.

In the laboratory, investigators have attempted to shed light on the mechanisms by which diet may influence
carcinogenesis. They have examined the ability of individual nutrients, food extracts, or non-nutritive
components of food to enhance or inhibit carcinogenesis and mutagenesis, thereby providing epidemiologists
with testable hypotheses regarding specific components of the diet. Because the data from both types of studies
are generally grouped according to dietary constituents, the committee found it advantageous to organize its
report in a similar fashion.

Total Caloric Intake

The committee reviewed many studies in which the variable examined was the total amount of food
consumed by humans or animals, rather than the precise composition of the diet. This review is contained in
Chapter 4, which is entitled “Total Caloric Intake,” even though the studies did not indicate whether the
observed effects resulted from the changes in the proportion of specific nutrients in the diet or from the
modification of total caloric intake.

Since very few epidemiologists have been able to examine the effect of caloric intake per se on the risk of
cancer, their reports have provided largely indirect evidence for such a relationship, and much of it is based on
associations between body weight or obesity and cancer.
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EXECUTIVE SUMMARY 4

In laboratory experiments, the incidence of tumors is lower and the lifespan much longer for animals on
restricted food intake than for animals fed ad libitum. However, because the intake of all nutrients was
simultaneously depressed in these studies, the observed reduction in tumor incidence might have been due to the
reduction of some specific nutrient, such as fat. It is also difficult to interpret experiments in which caloric intake
has been modified by varying dietary fat or fiber, both of which may by themselves exert effects on
tumorigenesis.

Thus, the committee concluded that neither the epidemiological studies nor the experiments in animals
permit a clear interpretation of the specific effect of total caloric intake on the risk of cancer. Nonetheless, the
studies conducted in animals show that a reduction in total food intake decreases the age-specific incidence of
cancer. The evidence is less clear for human beings.

Lipids (Fats and Cholesterol)

Many epidemiological and laboratory studies have been conducted to examine the association between
cancer and intake of lipids, i.e., total dietary fat, saturated fat, polyunsaturated fat, and cholesterol.

Fats. Epidemiological studies have repeatedly shown an association between dietary fat and the occurrence
of cancer at several sites, especially the breast, prostate, and large bowel. In various populations, both the high
incidence of and mortality from breast cancer have been shown to correlate strongly with higher per capita fat
consumption; the few case-control studies conducted have also shown this association with dietary fat. Like
breast cancer, increased risk of large bowel cancer has been associated with higher fat intake in both correlation
and case-control studies. The data on prostate cancer are more limited, but they too suggest that an increased risk
is related to high levels of dietary fat. In general, it is not possible to identify specific components of fat as being
clearly responsible for the observed effects, although total fat and saturated fat have been associated most
frequently.

The epidemiological data are not entirely consistent. For example, the magnitude of the association of fat
with breast cancer appears greater in the correlation data than in the case-control data, and several reports on
large bowel cancer fail to show an association with fat. Possible reasons for these discrepancies are apparent.
These are discussed in Chapter 5 (see pages 5-5 and 5-18).

Like epidemiological studies, numerous experiments in animals have shown that dietary lipids influence
tumorigenesis, especially in the breast and the colon. An increase in fat intake from 5% to 20% of the weight of
the diet (i.e., approximately 10% to 40% of total calories) increases tumor incidence in various tissues;
conversely, animals consuming low fat diets have a lower tumor incidence. When the intake of

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 5

total fat is low, polyunsaturated fats appear to be more effective than saturated fats in enhancing tumorigenesis.
However, this distinction becomes less prominent as total fat intake is increased.

Dietary fat appears to have a promoting effect on tumorigenesis. For example, some studies suggest that the
development of colon cancer is enhanced by the increased secretion of certain bile steroids and bile acids that
accompanies high levels of fat intake. Nonetheless, there is little or no knowledge concerning the specific
mechanisms involved in tumor promotion. This lack of understanding contributes to our overall uncertainty
about the mechanisms that underlie the effect of diet on carcinogenesis. Although most of the data suggest that
dietary fat has promoting activity, there is not enough evidence to warrant the complete exclusion of an effect on
initiation.

The committee concluded that of all the dietary components it studied, the combined epidemiological and
experimental evidence is most suggestive for a causal relationship between fat intake and the occurrence of
cancer. Both epidemiological studies and experiments in animals provide convincing evidence that increasing the
intake of total fat increases the incidence of cancer at certain sites, particularly the breast and colon, and,
conversely, that the risk is lower with lower intakes of fat. Data from studies in animals suggest that when fat
intake is low, polyunsaturated fats are more effective than saturated fats in enhancing tumorigenesis, whereas the
data on humans do not permit a clear distinction to be made between the effects of different components of fat.
In general, however, the evidence from epidemiological and laboratory studies is consistent.

Cholesterol. The relationship between dietary cholesterol and cancer is not clear. Many studies of serum
cholesterol levels and cancer mortality in human populations have demonstrated an inverse correlation with
colon cancer among men, but the evidence is not conclusive. Data on cholesterol and cancer risk from studies in
animals are too limited to permit any inferences to be drawn.

Chapter 5 contains a more detailed discussion of these studies.

Protein

The relationship between protein intake and carcinogenesis has been studied in human populations as well
as in the laboratory. These studies are discussed in Chapter 6.

Results of epidemiological studies have suggested possible associations between high intake of dietary
protein and increased risk for cancers at a number of different sites, although the literature on protein is much
more limited than the literature concerning fats and cancer. In addition, because of the very high correlation
between fat and protein

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 6

in the diets of most Western countries, and the more consistent and often stronger association of these cancers
with fat intake, it seems likely that dietary fat is the more active component. Nevertheless, the evidence does not
completely preclude the existence of an independent effect of protein.

In most laboratory experiments, carcinogenesis is suppressed by diets containing levels of protein at or
below the minimum required for optimal growth. Chemically induced carcinogenesis appears to be enhanced as
protein intake is increased up to 2 or 3 times the normal requirement; however, higher levels of protein begin to
inhibit carcinogenesis. There is some evidence to suggest that protein may affect the initiation phase of
carcinogenesis and the subsequent growth and development of the tumor.

Thus, in the judgment of the committee, evidence from both epidemiological and laboratory studies
suggests that high protein intake may be associated with an increased risk of cancers at certain sites. Because of
the relative paucity of data on protein compared to fat, and the strong correlation between the intakes of fat and
protein in the U.S. diet, the committee is unable to arrive at a firm conclusion about an independent effect of
protein.

Carbohydrates

As discussed in Chapter 7, information concerning the role of carbohydrates in the development of cancer
in humans is extremely limited. Although some studies suggest that a high intake of refined sugar or starch
increases the risk of cancer at certain sites, the results are insufficient to permit any firm conclusions to be drawn.

The data obtained from studies in animals are equally limited, providing too little evidence to suggest that
carbohydrates (possibly excluding fiber) play a direct role in experimentally induced carcinogenesis. However,
excessive carbohydrate consumption contributes to caloric excess, and this in turn has been implicated as a
modifier of carcinogenesis.

Dietary Fiber

Considerable effort has been devoted to studying the effects of dietary fiber and fiber-containing foods
(such as certain vegetables, fruits, and whole grain cereals) on the occurrence of cancer (see Chapter 8).

Most epidemiological studies on fiber have examined the hypothesis that high fiber diets protect against
colorectal cancer. Results of correlation and case-control studies of dietary fiber have sometimes supported and
sometimes contradicted this hypothesis. In both types of

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

(0]
(2]
©
o
o
.
(0]
©
(0]
(2]
£
>
T
g
C
[0
o
Q
[&]
[v]
c
(0]
[0
Ke]
[0
>
©
c
>
(0]
€
[2]
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
Z
[0
£
(o]
(1)
o
C
©
=l
[0
£
©
T
(0]
o
[0}
Ke)
=
[e]
c
C
(]
o
2
[0
>
[
2
o
N
-
C
=
(]
€
£
o]
S
ge)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(7]
[0
o
>
Z
-
(0]
L
<
(o]
ie)
C
©
@
2
>
=
2]
()]
£
©
©
[0
Ny
g
x
[43]
(0]
o
o
©
o
o
2
;
L
=
[®)]
c
K9]
[0
£
)
£
o
2
o
(0]
L
=
[e]
ie

o
iel
=
>3
2
=
=]
©
=
<}
Rel
c
kel
7]
&2
o
>
[
=
=
©
8
=
e}
<
=
>
®©
©
<
£
(2]
©
o
hel
=
T
o
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

EXECUTIVE SUMMARY 7

studies, correlations have been based primarily on estimates of fiber intake obtained by grouping foods according
to their fiber content. In the only case-control study and the only correlation study in which total fiber
consumption was quantified rather than estimated from the consumption of high fiber foods, no association was
found between high fiber intake and a lower risk of colon cancer. However, the correlation study indicated that
the incidence of colon cancer was inversely related to the intake of one fiber component--the pentosan fraction,
which is found in whole wheat products and other food items.

Laboratory experiments also have indicated that the consumption of some high fiber ingredients (e.g.,
cellulose and bran) inhibits the induction of colon cancer by certain chemical carcinogens. However, the results
are inconsistent. Moreover, they are difficult to equate with the results of epidemiological studies because most
laboratory investigations have focused on specific fibers or their individual components, whereas most
epidemiological studies have been concerned with fiber-containing foods whose exact composition has not been
determined.

Thus, the committee found no conclusive evidence to indicate that dietary fiber (such as that present in
certain fruits, vegetables, grains, and cereals) exerts a protective effect against colorectal cancer in humans. Both
epidemiological and laboratory reports suggest that if there is such an effect, specific components of fiber, rather
than total fiber, are more likely to be responsible.

Vitamins

In recent years, there has been considerable interest in the role of vitamins A, C, and E in the genesis and
prevention of cancer. In contrast, less attention has been paid to the B vitamins and others such as vitamin K.
Chapter 9 contains more detailed information on the evidence summarized below.

Vitamin A. A growing accumulation of epidemiological evidence indicates that there is an inverse
relationship between the risk of cancer and the consumption of foods that contain vitamin A (e.g., liver) or its
precursors (e.g., the carotenoids in green and yellow vegetables). Most of the data do not show whether the
effects are due to carotenoids, to vitamin A itself, or to some other constituent of these foods. In these studies,
investigators found an inverse association between estimates of “vitamin A” intake and carcinoma at several
sites, e.g., the lung, the urinary bladder, and the larynx.

Studies in laboratory animals indicate that vitamin A deficiency generally increases susceptibility to
chemically induced neoplasia and that an increased intake of the vitamin appears to protect against
carcinogenesis in most, but not all cases. Because high doses of vitamin A are toxic, many of these studies have
been conducted with its synthetic

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 8

analogues (retinoids), which lack some of the toxic effects of the vitamin. Retinoids have been shown to inhibit
chemically induced neoplasia of the breast, urinary bladder, skin, and lung in animals.

The committee concluded that the laboratory evidence shows that vitamin A itself and many of the retinoids
are able to suppress chemically induced tumors. The epidemiological evidence is sufficient to suggest that foods
rich in carotenes or vitamin A are associated with a reduced risk of cancer. The toxicity of vitamin A in doses
exceeding those required for optimum nutrition, and the difficulty of epidemiological studies to distinguish the
effects of carotenes from those of vitamin A, argue against increasing vitamin A intake by the use of supplements.

Vitamin C (Ascorbic Acid). The epidemiological data pertaining to the effect of vitamin C on the
occurrence of cancer are not extensive. Furthermore, they provide mostly indirect evidence since they are based
on the consumption of foods, especially fresh fruits and vegetables, known to contain high concentrations of the
vitamin, rather than on actual measurements of vitamin C intake. The results of several case-control studies and a
few correlation studies suggest that the consumption of vitamin-C-containing foods is associated with a lower
risk of certain cancers, particularly gastric and esophageal cancer.

In the laboratory, ascorbic acid can inhibit the formation of carcinogenic N-nitroso compounds, both in
vitro and in vivo. On the other hand, studies of its inhibitory effect on preformed carcinogens have not provided
conclusive results. In recent studies, the addition of ascorbic acid to cells grown in culture prevented the
chemically induced transformation of these cells and, in some cases, caused reversion of transformed cells.

Thus, the limited evidence suggests that vitamin C can inhibit the formation of some carcinogens and that
the consumption of vitamin-C-containing foods is associated with a lower risk of cancers of the stomach and
esophagus.

Vitamin E (o-Tocopherol). Because vitamin E is present in a variety of commonly consumed foods
(particularly vegetable oils, whole grain cereal products, and eggs), it is difficult to identify population groups
with substantially different levels of intake. Consequently, it is not surprising that there are no epidemiological
reports concerning vitamin E intake and the risk of cancer.

Vitamin E, like ascorbic acid, inhibits the formation of nitrosamines in vivo and in vitro. However, there are
no reports about the effect of this vitamin on nitrosamine-induced neoplasia. Limited evidence from studies in
animals suggests that vitamin E may also inhibit the induction of tumorigenesis by other chemicals.

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 9

The data are not sufficient to permit any firm conclusion to be drawn about the effect of vitamin E on
cancer in humans.

The B Vitamins. No specific information has been produced by epidemiological studies, and there have
been only a few inadequate laboratory investigations to determine whether there is a relationship between
various B vitamins and the occurrence of cancer. Therefore, no conclusion can be drawn.

Minerals

Of the many minerals present in the diet of humans, the committee reviewed the evidence for nine that have
been suspected of playing a role in carcinogenesis. The assessment was severely limited by a paucity of relevant
studies on all but two minerals--selenium and iron. Where data on dietary exposure and carcinogenesis were
insufficient, the committee used information from studies of occupational exposure or laboratory experiments in
which the animals were exposed through routes other than diet. Chapter 10 contains more detailed information
on the evidence summarized below.

Selenium. Selenium has been studied to determine its role in both the causation and the prevention of
cancer. The epidemiological evidence is derived from a few geographical correlation studies, which have shown
that the risk of cancer is inversely related to estimates of per capita selenium intake, selenium levels in blood
specimens, or selenium concentrations in water supplies. It is not clear whether this relationship applies to all
types of cancer or only to cancer at specific sites such as the gastrointestinal tract. There have been no case-
control or cohort studies.

Experiments in animals have also demonstrated an antitumorigenic effect of selenium. But the relevance of
these results to cancer in humans is not apparent since the selenium levels used in most of the studies far
exceeded dietary requirements and often bordered on levels that are toxic. Earlier reports suggesting that
selenium was carcinogenic in laboratory animals have not been confirmed.

Therefore, both the epidemiological and laboratory studies suggest that selenium may offer some protection
against the risk of cancer. However, firm conclusions cannot be drawn from the limited evidence. Increasing the
selenium intake to more than 200 ug/day' by the use of supplements has not been shown to confer health
benefits exceeding

! The upper limit of the Range of Safe and Adequate Daily Dietary Intakes published in the Recommended
Dietary Allowances (see Chapter 10).
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EXECUTIVE SUMMARY 10

those derived from the consumption of a balanced diet. Such supplementation should be considered an
experimental procedure requiring strict medical supervision and is not recommended for use by the public.

Iron. Iron deficiency has been related to an increase in the risk of Plummer-Vinson syndrome, which is
associated with cancer of the upper alimentary tract. Some evidence suggests that iron deficiency may be related
to gastric cancer, also through an indirect mechanism. Although epidemiological reports have suggested that
inhalation exposures to high concentrations of iron increase the risk of cancer, there is no evidence pertaining to
the effect of high levels of dietary iron on the risk of cancer in humans. The limited evidence from animal
experiments suggests that a deficiency of dietary iron may increase susceptibility to some chemically induced
tumors.

The data are not sufficient for a firm conclusion to be drawn about the role of iron in carcinogenesis.

Copper, Zinc, Molybdenum, and Iodine. Some epidemiological studies suggest that dietary zinc is
associated with an increase in the incidence of cancer at certain sites; others suggest that blood and tissue levels
of zinc in cancer patients are lower, and those of copper are higher, than in the controls. Results of experiments
in animals are also inconclusive. Different levels of dietary zinc either enhance or retard tumor growth,
depending on the specific test design. High levels of copper have been observed to protect against chemical
induction of tumors.

There is some epidemiological evidence that a deficiency of molybdenum and other trace elements is
associated with an increased risk of esophageal cancer. Limited experiments in animals suggest that dietary
molybdenum supplementation may reduce the incidence of nitrosamine-induced tumors of the esophagus and
forestomach.

Studies conducted in Colombia, Iceland, and Scotland indicated that iodine deficiency, and also excessive
iodine intake, may increase the risk of thyroid carcinoma. These observations have not been confirmed in other
countries or in other studies. In general, the results of studies in animals support the association between iodine
deficiency and thyroid cancer.

The committee concluded that the data concerning dietary exposure to zinc, copper, molybdenum, and
iodine are insufficient and provide no basis for conclusions about the association of these elements with cancer
risk.

Arsenic, Cadmium, and Lead. Occupational exposure to these elements is associated with an increased risk
of cancer at several sites. Exposure to high concentrations of arsenic in drinking water has been linked with skin
cancer. However, the evidence for cancer risk resulting from exposure to the normally low levels of these
elements in the diet is not
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EXECUTIVE SUMMARY 11

conclusive. No carcinogenic effects of dietary cadmium and arsenic have been observed in laboratory
experiments, whereas high intakes of certain lead compounds appear to increase the incidence of cancer in mice
and rats.

On this basis, the committee believes that no firm conclusions can be drawn about the risk of cancer due to
normal dietary exposure to arsenic, cadmium, and lead.

Inhibitors of Carcinogenesis

Foods and numerous nutritive and nonnutritive components of the diet have been examined for their
potential to protect against carcinogenesis. In epidemiological studies, investigators have attempted to correlate
the intake of specific foods (and by inference, certain vitamins and trace elements) and the incidence of cancer.
In laboratory experiments, vitamins, trace elements, nonnutritive food additives, and other organic constituents
of foods (e.g., indoles, phenols, flavones, and isothiocyanates) have been tested for their ability to inhibit
neoplasia (see Chapter 15).

The committee believes that there is sufficient epidemiological evidence to suggest that consumption of
certain vegetables, especially carotene-rich (i.e., dark green and deep yellow) vegetables and cruciferous
vegetables (e.g., cabbage, broccoli, cauliflower, and brussels sprouts), is associated with a reduction in the
incidence of cancer at several sites in humans. A number of nonnutritive and nutritive compounds that are
present in these vegetables also inhibit carcinogenesis in laboratory animals. Investigators have not yet
established which, if any, of these compounds may be responsible for the protective effect observed in
epidemiological studies.

Alcohol

The effects of alcohol consumption on cancer incidence have been studied in human populations. In some
countries, including the United States, excessive beer drinking has been associated with an increased risk of
colorectal cancer, especially rectal cancer. This observation has not been confirmed in other studies. There is
limited evidence that excessive alcohol consumption causes hepatic injury and cirrhosis, which in turn may lead
to the formation of hepatomas (liver cancer). When consumed in large quantities, alcoholic beverages appear to
act synergistically with inhaled cigarette smoke to increase the risk for cancers of the mouth, larynx, esophagus,
and the respiratory tract. The studies of alcohol consumption and cancer are discussed in Chapter 11.
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EXECUTIVE SUMMARY 12

Naturally Occurring Carcinogens

In addition to nutrients, a variety of nonnutritive substances (e.g., hydrazines) are natural constituents of
foods. Furthermore, metabolites of molds (e.g., mycotoxins such as the potent carcinogen aflatoxin) and of
bacteria (e.g., carcinogenic nitrosamines) may contaminate foods. Many of these are occasional contaminants,
whereas others are normal components of relatively common foods. In Chapter 12, the committee examines
evidence linking consumption of some of these substances to carcinogenesis.

The committee concluded that certain naturally occurring contaminants in food are carcinogenic in animals
and pose a potential risk of cancer to humans. Noteworthy among these are mycotoxins (especially aflatoxin)
andN-nitroso compounds, for which there is some epidemiological evidence. Studies in animals indicate that a
few nonnutritive constituents of some foods, such as hydrazines in mushrooms, are also carcinogenic.

The compounds thus far shown to be carcinogenic in animals have been reported to occur in the average
U.S. diet in small amounts; however, there is no evidence that any of these substances individually makes a
major contribution to the total risk of cancer in the United States. This lack of sufficient data should not be
interpreted as an indication that these or other compounds subsequently found to be carcinogenic do not present
a hazard.

Mutagens in Foods

Mutagens are substances that cause heritable changes in the genetic material of cells. If a chemical is
mutagenic to bacteria or other organisms, it is generally regarded as a suspect carcinogen, although
carcinogenicity must be confirmed in long-term tests in whole animals.

As is evident from the discussion in Chapter 13, considerable attention has recently been directed toward
mutagenic activity in foods. Many vegetables contain mutagenic flavonoids such as quercetin, kaempferol, and
their glycosides. Furthermore, some substances found in foods can enhance or inhibit the mutagenic activity of
other compounds. Mutagens in charred meat and fish are produced during the pyrolysis of proteins that occurs
when foods are cooked at very high temperatures. Mutagens can also be produced during normal cooking of
meat at lower temperatures. Smoking of foods as well as charcoal broiling results in the deposition of mutagenic
and carcinogenic polynuclear organic compounds such as benzo[a]pyrene on the surface of the food.

Most mutagens detected in foods have not been adequately tested for their carcinogenic activity. Thus, the
committee believes that it is not yet possible to assess whether such mutagens are likely to contribute
significantly to the incidence of cancer in the United States.

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 13

Food Additives

In the United States, nearly 3,000 substances are intentionally added to foods during processing. Another
estimated 12,000 chemicals (e.g., vinyl chloride and acrylonitrile, which are used in food-packaging materials)
are classified as indirect (or unintentional) additives, and are occasionally detected in some foods. Large amounts
of some additives, such as sugar, are consumed by the general population, but the annual per capita exposure to
most indirect additives represents only a minute portion of the diet. Although the Food Safety Provisions and, in
many cases, the “Delaney Clause” of the Federal Food, Drug, and Cosmetic Act? prohibit the addition of known
carcinogens to foods, only a small proportion of the substances added to foods have been tested for
carcinogenicity according to protocols that are considered acceptable by current standards. Moreover, except for
the studies on nonnutritive sweeteners, only a few epidemiological studies have been conducted to assess the
effect of food additives on cancer incidence.

Chapter 14 contains detailed information on certain additives, i.e., selected nonnutritive sweeteners,
antioxidants, and additives used in packaging or for promoting the growth of animals used for food. Particular
attention is given to substances to which humans are widely exposed.

Of the few direct food additives that have been tested and found to be carcinogenic in animals, all except
saccharin have been banned from use in the food supply. Only minute residues of a few indirect additives that
are known either to produce cancer in animals (e.g., acrylonitrile) or to be carcinogenic in humans (e.g., vinyl
chloride and diethylstilbestrol) are occasionally detected in foods.

The evidence reviewed by the committee does not suggest that the increasing use of food additives has
contributed significantly to the overall risk of cancer for humans. However, this lack of detectable effect may be
due to their lack of carcinogenicity, to the relatively recent use of many of these substances, or to the inability of
epidemiological techniques to detect the effects of additives against the background of common cancers from
other causes.

Environmental Contaminants

Very low levels of a large and chemically diverse group of environmental contaminants may be present in a
variety of foods. The dietary levels of some of these substances are monitored by the Market Basket Surveys
conducted by the Food and Drug Administration. Many of them have been extensively tested for carcinogenicity.

2 Sec. 402(a)(2)(C) and Sec. 409(c)(1)(A), respectively.
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EXECUTIVE SUMMARY 14

In Chapter 14, the committee has summarized the evidence concerning exposure of humans to, and the
carcinogenicity of, selected pesticides, some industrial chemicals, and other environmental contaminants. As
with food additives, consideration was given primarily to compounds to which humans are widely exposed.

The results of standard chronic toxicity tests indicate that a number of environmental contaminants (e.g.,
some organochlorine pesticides, polychlorinated biphenyls, and polycyclic aromatic hydrocarbons) cause cancer
in laboratory animals. The committee found no epidemiological evidence to suggest that these compounds
individually make a major contribution to the risk of cancer in humans. However, the possibility that they may
act synergistically and may thereby create a greater carcinogenic risk cannot be excluded.

Contribution of Diet to Overall Risk of Cancer

By some estimates, as much as 90% of all cancer in humans has been attributed to various environmental
factors, including diet (see Chapter 18). Other investigators have estimated that diet is responsible for 30% to
40% of cancers in men and 60% of cancers in women. Recently, two epidemiologists suggested that a significant
proportion of the deaths from cancer could be prevented by dietary means and that dietary modifications would
have the greatest effect on the incidence of cancers of the stomach and large bowel and, to a lesser extent, on
cancers of the breast, the endometrium, and the lung.

The evidence reviewed by the committee suggests that cancers of most major sites are influenced by dietary
patterns. However, the committee concluded that the data are not sufficient to quantitate the contribution of diet
to the overall cancer risk or to determine the percent reduction in risk that might be achieved by dietary
modifications.

INTERIM DIETARY GUIDELINES

It is not now possible, and may never be possible, to specify a diet that would protect everyone against all
forms of cancer. Nevertheless, the committee believes that it is possible on the basis of current evidence to
formulate interim dietary guidelines that are both consistent with good nutritional practices and likely to reduce
the risk of cancer. These guidelines are meant to be applied in their entirety to obtain maximal benefit.

1. There is sufficient evidence that high fat consumption is linked to increased incidence of certain

common cancers (notably breast and colon cancer) and that low fat intake is associated with a lower
incidence of these cancers. The committee recommends that the consumption

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 15

of both saturated and unsaturated fats be reduced in the average U.S. diet. An appropriate and
practical target is to reduce the intake of fat from its present level (approximately 40%) to 30% of
total calories in the diet. The scientific data do not provide a strong basis for establishing fat intake
at precisely 30% of total calories. Indeed, the data could be used to justify an even greater reduction.
However, in the judgment of the committee, the suggested reduction (i.e., one-quarter of the fat
intake) is a moderate and practical target, and is likely to be beneficial.

The committee emphasizes the importance of including fruits, vegetables, and whole grain cereal
products in the daily diet. In epidemiological studies, frequent consumption of these foods has been
inversely correlated with the incidence of various cancers. Results of laboratory experiments have
supported these findings in tests of individual nutritive and nonnutritive constituents of fruits
(especially citrus fruits) and vegetables (especially carotene-rich and cruciferous vegetables).

These recommendations apply only to foods as sources of nutrients--not to dietary supplements of
individual nutrients. The vast literature examined in this report focuses on the relationship between the
consumption of foods and the incidence of cancer in human populations. In contrast, there is very little
information on the effects of various levels of individual nutrients on the risk of cancer in humans. Therefore, the
committee is unable to predict the health effects of high and potentially toxic doses of isolated nutrients
consumed in the form of supplements.

3.

In some parts of the world, especially China, Japan, and Iceland, populations that frequently
consume salt-cured (including salt-pickled) or smoked foods have a greater incidence of cancers at
some sites, especially the esophagus and the stomach. In addition, some methods of smoking and
pickling foods seem to produce higher levels of polycyclic aromatic hydrocarbons and N -nitroso
compounds. These compounds cause mutations in bacteria and cancer in animals, and are suspected
of being carcinogenic in humans. Therefore, the committee recommends that the consumption of
food preserved by salt-curing (including salt-pickling) or smoking be minimized.

Certain nonnutritive constituents of foods, whether naturally occurring or introduced inadvertently
(as contaminants) during production, processing, and storage, pose a potential risk of cancer to
humans. The committee recommends that efforts continue to be made to minimize contamination of
foods with carcinogens from any source. Where such contaminants are unavoidable, permissible
levels should continue to be established and the food supply monitored to assure that such levels are
not exceeded. Furthermore, intentional additives (direct and indirect) should continue to be
evaluated for carcinogenic activity before they are approved for use in the food supply.

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 16

5. The committee suggests that further efforts be made to identify mutagens in food and to expedite
testing for their carcinogenicity. Where feasible and prudent, mutagens should be removed or their
concentration minimized when this can be accomplished without jeopardizing the nutritive value of
foods or introducing other potentially hazardous substances into the diet.

6. Excessive consumption of alcoholic beverages, particularly combined with cigarette smoking, has
been associated with an increased risk of cancer of the upper gastrointestinal and respiratory tracts.
Consumption of alcohol is also associated with other adverse health effects. Thus, the committee
recommends that if alcoholic beverages are consumed, it be done in moderation.

k ok sk

The committee suggests that agencies involved in education and public information should be encouraged
to disseminate information on the relationship between dietary and nutritional factors and the incidence of
cancer, and to publicize the conclusions and interim dietary guidelines in this report. It should be made clear that
the weight of evidence suggests that what we eat during our lifetime strongly influences the probability of
developing certain kinds of cancer but that it is not now possible, and may never be possible, to specify a diet
that protects all people against all forms of cancer. The cooperation of the food industry should be sought to help
implement the dietary guidelines described above.

Since the current data base is incomplete, future epidemiological and experimental research is likely to
provide new insights into the relationship between diet and cancer. Therefore, the committee suggests that the
National Cancer Institute establish mechanisms to review these dietary guidelines at least every 5 years.

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 17

2

Cancer: Its Nature and Relationship to Diet

Before discussing the effects of diet and nutrition on the incidence of cancer, it is useful to review what is
known about the nature of cancer, the basis for suspecting a relationship between diet and cancer, and the stages
of carcinogenesis at which diet may exert an effect.

The following review is meant for a general audience. To avoid being too long, it oversimplifies several
issues. For a more complete coverage, the reader should turn to two books--Origins of Human Cancer (Hiatt et
al., 1977) and Cancer: Science and Society (Cairns, 1978)--and a journal article entitled “The causes of cancer:
Quantitative estimates of avoidable risks of cancer in the United States today” (Doll and Peto, 1981).

THE NATURE OF CANCER

Cancers are populations of cells in the body that have acquired the ability to multiply and spread without the
normal restraints. To understand how such populations arise and the nature of their abnormality, it is necessary
to understand how cells normally control their own behavior. This subject falls within a branch of basic biology
that is still not well understood.

The Control of Cell Division During the Growth and Replacement of Normal Tissues

The adult human body contains about ten trillion (10'3) cells. Some of these cells (e.g., the neurons and
striated muscle cells) are incapable of undergoing cell division; some (e.g., the cells of the marrow and the
epithelial cells of the gut and skin) are actively dividing throughout our adult life; and others (e.g., the cells of
the liver) retain the ability to divide, but multiply rapidly only when tissues are undergoing regeneration after
having been damaged. During our entire adult life, the gross and microscopic anatomy of the body is preserved
by precise systems that regulate cell division. Cancer develops from cells that escape such regulation.

Although developmental biologists have for many years studied the operation of these regulatory systems,
few of the signals that control cell behavior in multicellular animals have been identified. Certain tissues (e.g.,
the endocrine glands, the liver, and the bone marrow) serve general (systemic) functions rather than local
functions; their role is to add or substract substances or cells from blood. The extent

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 18

of cell multiplication in such tissues must be under general control and therefore must be regulated by various
hormones circulating in the blood. Many of these hormones have been identified, and the general features of
their operation, if not the precise molecular mechanism, are now well understood. By contrast, local signals that
influence each cell's reaction to its immediate environment have not been identified. Yet, these are the signals
that are responsible for the microscopic architecture of each tissue. As the result of numerous experiments on
tissue development and regeneration, we know that local signals pass between cells, but we still do not know
much about their nature.

The entire network of signals serves to maintain the stability and integrity of each organ and tissue, and to
protect the organism from any form of uncontrolled growth. For the organism as a whole, the forces of natural
selection are inexorably at work: animals that multiply fastest win the race for survival. Within each
multicellular organism, however, natural selection must be held at bay. Fortunately, the controls work very well.
Although some 106 cell divisions occur within each human being during his or her lifetime, only about one-third
of the U.S. population will develop a clinically detectable cancer.

Various Abnormalities of Cell Behavior

Until the signalling systems that impose territoriality upon the cells of the body are better understood, it is
going to be difficult to determine the way a cell must be altered to free it from these restraints and allow it to
form a tumor. During the early days of cancer research, many people hoped that all cancer cells would prove to
be defective in one particular, common feature (e.g., in their ability to respond to a specific restraining signal
received by all tissues), but this now seems most unlikely. The different forms of uncontrolled growth that lead
to the different varieties of benign and malignant (cancerous) tumors appear to have distinct causes.

The adult human body contains several hundred different classes of cell that can be distinguished by their
morphology, their relationship to other cells, the chemistry of their products, and their response to various
hormones and to changes in their environment. Cells in each of these classes are capable of uncontrolled growth
and tumor formation, but cells in some classes seem more at risk than others. For example, cancers derived from
nerve cells are confined almost entirely to young children, probably because neurons lose their ability to multiply
when embryogenesis is complete. In humans of all ages, cancers are common in the epithelial cells of the gut and
skin, perhaps because these cells are continually undergoing division and replacement throughout life. The
epithelial cells in the breast seem to be particularly susceptible to certain ill-defined carcinogenic factors during
the interval between onset of menstruation and the first pregnancy. In all, several hundred forms of uncontrolled
growth are now recognized and, as the result of

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 19

some 100 years of clinical study involving a vast number of patients, the usual behavior of each of these kinds of
tumor is now well established.

The range of cell behavior is very great. At one extreme there are such trivial abnormalities as the localized
growth of melanocytes, which creates the common freckle. (Indeed, in fair-skinned people who are frequently
exposed to sunlight, freckles are regarded as a normal abnormality.) At the other extreme is malignant
melanoma, a cancer arising from skin melanocytes. This form of cancer is often rapidly fatal because it has a
marked tendency to undergo swift dissemination through the bloodstream to all organs of the body. Between
these extremes, all levels of severity can be found. Many tumors vary little in their behavior from one patient to
the next. For example, the commonest tumor of the uterus (the benign fibroma or leiomyoma) arises in the
smooth muscle of the uterus and can grow to enormous size, but the cells of the tumor virtually never invade the
surrounding tissue or spread to distant sites. Similarly, the commonest tumor of the facial skin (the basal cell
carcinoma) is locally very invasive, but it also never spreads to distant sites. Other tumors, such as those in the
breast, are much less predictable; some of them spread quickly and others do not.

The pathological classification of all these growth abnormalities (or neoplasias) depends on (1) the tissue of
origin, (2) the type of cell involved, and (3) most importantly, whether the abnormal cells are confined to their
original location (in which case the tumor is classified as benign) or have invaded the surrounding tissues or
“metastasized” to distant sites (in which case the tumor counts as a cancer). Cancers that arise in the epithelial
cells are called carcinomas, and they account for more than 90% of all human deaths from cancer. Cancers that
arise in the progenitors of the circulating cells of the blood are called leukemias (if the abnormal cells are
circulating) and lymphomas or myelomas (if the cancer affects lymphocytes that tend to be localized in the
lymph nodes or the bone marrow, respectively). Cancers that arise in fibrous connective tissue or bone are called

sarcomas. Together these nonepithelial cancers account for slightly less than 10% of deaths from cancer. The

pathological classification goes further and subdivides the carcinomas according to the tissue of origin (e.g.,
hepatocarcinoma) or the behavior of the component cells (e.g., adenocarcinoma and squamous cell carcinoma).

Cancer and Cell Heredity

It seems likely that most cancers arise from the proliferation of a single altered cell. Every tissue of the body
has been shown to be made up of a very large number of small hereditarily similar nests (families) of cells.
Therefore, any large piece of tissue will contain cells that are members of several of these families (i.e., they
come from different branches of the family tree of cells descended from the original fertilized egg). Cancers,
however, prove almost without

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 20

exception to contain cells from only one family (i.e., they must have arisen within a single family)--a finding that
is most easily explained by assuming that each cancer is descended from a single abnormal cell. However, it is
also clear that even though cancers are in this sense clonal, a considerable amount of modification by variation
and natural selection can occur during the growth of each cancer. For example, although a particular cancer may
be marked, from the start, with a particular chromosomal abnormality, further abnormalities may be added
during its subsequent growth. It is as if an early step had permitted uncontrolled growth and the operation of
natural selection, which in turn allowed the progressive evolution of increasingly abnormal and more rapidly
multiplying types of cells. Because the average cancerous growth will amount to many millions of cells before it
becomes detectable, it may already have undergone considerable selection for the fittest variants arising
spontaneously within the population. So, even if two separate cancers were to start off with the same underlying
abnormality, they could have very different characteristics by the time the diagnosis of cancer becomes possible.
This makes it very difficult to be certain whether the great diversity of phenotypic characteristics observed in
most forms of cancer means that there has to be great diversity in the ways of producing cancer.

The Varying Incidence of Cancer

It is abundantly clear that the incidence of all the common cancers in humans is being determined by
various potentially controllable external factors, because people in different parts of the world suffer from
different kinds of cancer, depending on their habits, diet, and customs rather than on their ethnic origins. Thus,
when people migrate from one country to another they tend to acquire the pattern of cancer that is characteristic
of their new home. This is surely the most comforting fact to come out of all cancer research, for it means that
cancer is, in large part, a preventable disease.

Next, it is also clear that some carcinogens tend to be associated with specific cancers. For example,
cigarette smoke is the major cause of the common bronchogenic carcinoma of the lung, but it does not cause the
less common mesothelioma of the lung. Asbestos causes both mesotheliomas and bronchogenic carcinomas.
Certain aniline dyes (especially 2-naphthylamine) cause bladder cancer, but little of any other kind of cancer. A
similar specificity probably also applies to cancers whose cause or causes have not yet been identified, because
the incidences of the different kinds of cancer tend to vary independently.

Although the causes of most cancers that are common in affluent industrialized nations have not yet been
identified, epidemiological data suggest certain general conclusions about the nature of these causes. Apart from
lung cancer (which has become much more prevalent during this century as more and more people have taken up
smoking), the only common

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 21

cancers to have changed much in incidence during the 20th century are stomach and uterine cancers, both of
which have become much less common. So it seems probable that most cases of the cancers that are common
today are not being caused by the products of modern industry. In fact, the same conclusion can be reached in
quite a different way, because the incidence and age-specific death rate from many of the common
nonrespiratory cancers has been found to be higher in certain nonindustrialized nations like New Zealand than in
the United States. It seems likely, therefore, that the common cancers not attributable to smoking are related, for
the most part, not to industrialization but to various other long-standing features of our lifestyle, especially diet.

Experimentally Induced Carcinogenesis

Before considering how ingredients of the diet (or any other factor that varies from one population to
another) could determine the incidence of cancer, it would be helpful if we had more information about the kinds
of event that can turn a normal cell into a cancer cell. In principle, this information can come from experimental
studies of carcinogenesis.

Much of this report is concerned with certain experimental systems for producing (or preventing) cancer in
animals. These experiments show that a variety of treatments and agents affect the incidence of cancer. If only
one general class of agent or treatment had proved to be carcinogenic, it would then have been clear what kinds
of substance we should, if possible, be trying to eradicate from our lifestyle or environment. In fact, a
bewildering array of agents and treatments have been shown to influence the incidence of cancer in animals.

The most widely studied method for producing cancer is to expose an animal to repeated doses of any
physical or chemical agent that damages DNA and causes mutations. In certain instances it has been possible to
show that the cancers produced by these agents are indeed arising as the consequence of damage to DNA. This
has led people to postulate that the substances that are the important determinants of cancer in humans will, for
the most part, prove to be agents that produce mutations. The idea is attractive because the cancer cell plainly has
a defect that can be inherited by all its descendents. Moreover, several quick and inexpensive methods have been
developed for detecting mutagens in our environment. However, it is clear that many, perhaps most, examples of
carcinogenesis in laboratory animals actually proceed by way of a sequence of steps, some of which are brought
about by the mutagens, whereas other, later steps are driven by agents (promoters) that are not mutagenic.

One of the most fully studied examples of “multistep” carcinogenesis is the induction of skin cancer in
mice. The first step, referred to as initiation, can be produced by any of a wide range of mutagens. The step
appears to occur rapidly and to be essentially irreversible and is assumed

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 22

to be a direct consequence of damage to the DNA of those cells in the skin that normally proliferate and
differentiate to produce the scaly cells that protect the body surface. To complete the process, it is then necessary
to expose the skin for a prolonged period to various promoting agents that modify or accelerate the normal
process of cell turnover. Because initiation is essentially irreversible, the process of promotion will produce
cancer, even if a long time is allowed to elapse between initiation and promotion.

The nature of the events taking place during these later stages of carcinogenesis is still very obscure. For
example, it is not simply a matter of forcing the initiated cell to divide quickly, because certain agents that
provoke cell proliferation do not act as promoters. Most promoting agents (e.g., the irritant phorbol esters in
croton oil) have a wide range of effects on the physiological functions of cells, especially on reactions taking
place in the cell membrane. But there is no reason to believe that they have any direct action on DNA. Unlike
initiation, the steps driven by promoters must be to some extent reversible because the effects of prolonged
exposure to a promoter such as croton oil are lost if too long an interval is allowed between each application. To
complicate matters still further, there is good evidence that promotion can itself be divided into two classes of
events, each of which can be driven and inhibited by specific agents. So far, however, the exact molecular
biology of these later events in carcinogenesis remains obscure.

The predominant effects of the mutagens commonly used in experiments in animals are localized changes
in DNA, usually affecting only one or two base pairs. There are, however, other ways to induce cancer in
animals that do not involve local changes in base pair sequence. For example, approximately one-quarter of all
viruses known to infect vertebrates are capable of causing cancer in some animal or other. Many of these viruses
probably are carcinogenic because they lead to novel juxtapositions of genes from the virus and the host. Perhaps
for this reason they tend to cause particular kinds of cancer (e.g., lymphomas, leukemias, or sarcomas) rather
than act as general nonspecific carcinogens. Certainly, there is little evidence that they are acting as mutagens.

Certain cancers can be produced simply by transplanting cells to novel sites in the body where they can
multiply without the usual restraint or by placing them next to inert solid surfaces such as plastic or metal. It
seems unlikely that mutation plays any part in these processes, especially since certain of the cancers produced in
this way will recover their normal restrained behavior when they are returned to their normal location.

One conspicuous (and neglected) group of cancers results from over-feeding--a treatment that is obviously
not mutagenic. The incidence of these cancers can be reduced by reductions in food intake. These effects

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 23

of nutrition on the incidence of several kinds of “spontaneous” cancer in animals are very much like some of the
correlations between diet and cancer that have been observed by epidemiologists--correlations that involve most
of the major forms of cancer.

Laboratory studies of carcinogenesis are therefore offering us a choice of possible mechanisms for the
formation of the major cancers in humans. There appears to be no way of guessing which are likely to be the
important mechanisms of carcinogenesis in humans until further epidemiological studies have been conducted to
isolate and identify the variables that determine cancer rates in humans.

THE CAUSES OF CANCER

The commonest cancer in Western nations is lung cancer. Its incidence is related to each nation's
consumption of cigarettes--not to its level of industrialization. Thus, it is safe to be a nonsmoker in the United
States, but it is not safe to be a smoker anywhere, even in the clean air of a country like Finland. A somewhat
similar observation has been made for the next two most common cancers: cancer of the large intestine and
breast. Both of these cancers are associated in some way with long-standing affluence, but they are apparently
not linked to industrialization. Thus, the incidence of both cancers in an industrialized country like
Czechoslovakia is not nearly as high as it is in New Zealand, which has one of the highest rates for both cancers
despite its lack of the oil and coal required for chemical and manufacturing industries and its dependence on
dairy and agricultural products for income.

The incidence of the other major cancers also varies greatly from one nation to the next, but not in the way
most of us must have been led to believe from reading the many news reports about newly discovered
carcinogens in our environment. Apart from cigarettes, the causes of most of today's cancers do not bear any
simple and direct relationship to the intended and unintended products of industry and to what might be called
the more unnatural features of modern life. This is not to say that industrial exposure is harmless, but simply that
relatively few of the middle-aged and older members of our current population have been exposed to great
occupational hazards. For those who were exposed, the hazards are real and inexcusable. In addition, we have to
remember that the time course of carcinogenesis commonly extends over 20 years or more. This means that we
have to be very concerned about the possible long-term effects resulting from exposure to novel hazards.

Investigation of the causes of cancer has been an important branch of cancer research. Early in the course of
such studies it became apparent that genetic factors were not responsible for international differences in cancer
incidence. When groups of people migrate from one country to another, thereby changing their environment and
way of life,

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 24

they tend to leave behind the cancers typical of their homeland and acquire those of their new country. It is
almost as if they are offering us the results of a calculated experiment; indeed, to make the experiment more
perfect, several migrant groups have tended to intermarry for several generations rather than to outbreed with the
other inhabitants of their new country. Although studies of migrants have some drawbacks, they have made an
invaluable contribution to research on cancer in humans. For example, the fact that blacks and Japanese within
the United States develop the spectrum of cancers that is generally typical for the U.S. population but different
from that in Africa and Japan tells us that most cancers must have external causes and, in principle, should
therefore be preventable.

Certain causes of cancer have been fairly obvious for a long time. For example, it was not difficult to
connect sunlight with skin cancer. Similarly, it seemed likely that the ever-increasing number of lung cancers
would prove to be related to something that people were breathing. For most cancers, however, likely candidates
for the causes were not immediately apparent.

The list of forces that play upon us, and are likely to change if we move from one country to another, is not
impossibly long. Such forces obviously include the air we breathe, the water we drink, and the food we eat, as
well as the way we prepare the food and apportion it into meals. The list should include the infectious diseases
that we contract and perhaps, in a more general sense, some measure of our contact with other living creatures.
In addition to the radiation in sunlight, we are exposed to other forms of radiation that vary somewhat in
intensity from one region to another.

Lifestyles in various countries differ enormously. Cultures vary in family size, in the age at which
reproduction starts, in the stresses and strains placed on their populations, and in many other ways. Some of
these variables can be precisely measured. For example, it is possible to estimate accurately the extent to which
time spent indoors in cold climates increases our exposure to the background radiation that emanates from many
building materials, and to speculate that this increased exposure might account for some of the extra incidence of
cancer in the north-eastern United States. Similarly, it is easy to measure exposures to infectious agents. Thus, it
was a straightforward exercise to demonstrate that Burkitt's lymphoma in Africa bears some relationship to a
conjunction of endemic malaria and infection with Epstein-Barr virus. At the opposite end of the scale, certain
other variables are virtually impossible to quantitate. For example, some people have suggested that stress can
cause cancer, but this hypothesis cannot easily be tested, and there is, as yet, no reason to think that it is true.

For most of the variables, however, measurements can be made, but they are not straightforward. Thus, it
will require some care to trace

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 25

all the threads of causality to their source. The cancers are fairly easy to record, in terms of either incidence or
mortality, but the environmental variables are not. This is especially true for diet. During the past 200 years,
there have been major changes in the nutritional content of our diet and in our exposure and response to
infectious diseases. The effects can be seen most readily in migrants. For example, the children of migrants to
the United States are, on average, taller and live longer than their parents, just as their parents were taller than
their ancestors. Because nutrition has strong effects on growth, physiology, and longevity, it was natural to
suspect that the effects could extend to cover susceptibility to cancer. This hypothesis has been examined in both
epidemiological studies and laboratory experiments, but the investigation of the association between diet and
cancer is far from complete.

Epidemiologists found it relatively easy to demonstrate a correlation between the diets consumed by
modern affluent societies and the incidence of cancers in such organs as the breast, colon, and uterus. But it is
much more difficult to determine exactly which, if any, of the dietary components are responsible. For example,
certain interested parties formerly argued that the association between lung cancer and smoking was not causal;
instead, they suggested that the kind of people who smoke are the kind of people who, for some quite
independent reason, develop lung cancer. This argument had to be resolved by prospective studies of groups of
people who had stopped smoking. Exactly the same questions now arise about components of our diet: are the
associations causal or coincidental? Unfortunately, it is much harder to find out what someone is eating than
whether or not they smoke. It is important therefore that we prepare ourselves for a period of uncertainty,
between our present realization that diet affects cancer and our eventual ability to offer the public a precise
formula for minimizing the incidence of cancer.

Although the formula is still not known, we do have some estimate of the benefits it would bestow. Judging
from the observed differences in cancer rates among populations with different diets, it is highly likely that the
United States will eventually have the option of adopting a diet that reduces its incidence of cancer by
approximately one-third, and it is absolutely certain that another third could be prevented by abolishing smoking.
Those reductions would be roughly equivalent to the reduction in mortality from the infectious diseases brought
about by improved hygiene and better health care delivery during the 19th century.

This prediction can be made with confidence because some major cancers have already been controlled. For
example, the mortality due to stomach cancer in the United States has dropped sharply during the past 50 years--
from first to sixth place on the list of most common cancers--a change brought about presumably by some
alterations in our diet that took place during that period.

Copyright © National Academy of Sciences. All rights reserved.
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CANCER: ITS NATURE AND RELATIONSHIP TO DIET 26

What cannot be predicted is the exact way in which we will discover the precise changes that ought to be
made in the nation's diet. As this report points out several times (especially in Chapter 3), it is not easy to
determine precisely what people are eating now, and it is even more difficult to learn what they were eating
many years ago when the seeds were presumably being sown for the cancers they now have.

As shown in later chapters, it has been possible to develop in laboratory animals reasonable facsimiles of
the common cancers in humans. By studying these cancers, it may be possible for the experimentalist to uncover
certain important variables that the epidemiologist would only discover with difficulty.

THE INFLUENCE OF DIET ON EXPERIMENTALLY INDUCED CANCERS

Most laboratory and domesticated animals have a significant incidence of cancer during old age. These
cancers tend to be affected by changes in diet in the same way as cancer in their human counterparts. Thus, a
reduction in total intake of food or specific food items tends to lower the incidence of both “spontancous” and
chemically induced cancer in most strains of rats and mice. The main exceptions to this rule occur when some
dietary restriction leads to a deficiency disease involving some particular tissue, thereby raising the incidence of
cancer in that tissue. For example, deficiency of methyl donors such as choline leads to liver damage and raises
the incidence of “spontaneous” liver cancer in rats.

These examples of the influence of diet on experimentally induced cancers are not easily investigated
because the underlying mechanisms and molecular biology of the cancers are not understood. Indeed, the effects
of diet were often treated as if they were simply a nuisance, being yet another variable standing between the
investigators and their assays for carcinogenicity.

The Early Stages of Carcinogenesis

As mentioned earlier, the most generally accepted concept of carcinogenesis is that it is a prolonged process
that starts when an animal or human being is exposed to some mutagen (initiator) that can interact with the DNA.
Because chemical initiators have to be reactive to interact in this way, they are usually unstable and cannot
persist very long in the environment. Thus, a more usual carcinogenic sequence is exposure to a stable but toxic
chemical (e.g., aflatoxin B;) that has to be detoxified in an organ such as the liver and, in the process, is turned
into a highly reactive derivative that interacts with the DNA of the liver cell. In short, most carcinogenic
initiators are created within the body as the result of “metabolic activation.” This opens the way for a number of
very complicated effects during carcinogenesis.

Copyright © National Academy of Sciences. All rights reserved.
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For example, a chemical that is not itself a carcinogen can act as a cocarcinogen or an anticarcinogen by
stimulating or inhibiting one of the enzymes involved in the metabolism of some carcinogen. An item in the diet
could therefore determine the incidence of cancer not only because of the carcinogens that it contains but also
because of its various cocarcinogens and anticarcinogens, which can modify the process of carcinogenesis.

Metabolic activation has one other important consequence. In some cases, a carcinogen can be partly
metabolized in one tissue and then enter the blood and undergo its final activation in some other, distant tissue.
Therefore, it is not uncommon to observe that a carcinogen fed to an animal can produce cancer in organs such
as breast, brain, lung, or uterus, which are far from the gastrointestinal tract.

One other variable is also important in determining the course of initiation. Most cells possess effective
methods for repairing DNA. They are therefore able to undo most of the damage caused by initiating
carcinogens, if there is sufficient time before they have to duplicate their DNA. It follows that initiators are
sometimes made more effective if administered at the same time as some agent that forces rapid cell
multiplication. For example, the production of liver cancers in choline-deficient rats, mentioned earlier, proved
on further investigation to result from the action of two separate stimuli--an unexpected (and unintended)
initiating carcinogen in the diet and the intended deficiency of choline, which was acting as a cocarcinogen by
destroying the liver and therefore forcing the remaining liver cells to continue regenerating. Thus, these cancers
could have been prevented either by adding choline to the diet or by removing the carcinogen from the diet.

To summarize, the effect of diet on the initiation of cancer can be quite complex. The early stages of
carcinogenesis can involve the simultaneous interaction of several independent variables operating in a variety of
ways. But at least this means that the early steps in the formation of many kinds of cancer may be interceptable
in any one of several ways.

The Late Stages of Carcinogenesis

The late stages of carcinogenesis tend to be even more obscure, because they involve reactions that are even
less well understood than the biochemistry of metabolic activation, DNA damage, and DNA repair. For most
chemically induced (as opposed to spontaneous) cancers in laboratory animals, the process of carcinogenesis
seems to go through a succession of stages. The early initiatory steps require exposure to substances that usually
are known to be mutagenic. The later stages are brought about by agents (promoters) that affect cell
differentiation and provoke cell proliferation. These agents appear to act primarily on processes occurring in cell
membranes, including the responses to certain

Copyright © National Academy of Sciences. All rights reserved.
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signalling substances and free radicals. But the molecular biology of their action remains obscure despite
extensive studies on the subject. This must surely be the outstanding lacuna in experimental cancer research.
Many investigators believe that these later stages concern the gradual expression of all the mutations produced
during the early stages, but several observations do not fit in well with this hypothesis.

Whenever dietary experiments discriminate between the early and late stages of carcinogenesis, they
usually show that the late stages are most affected by changes in the diet. The mechanisms underlying such
effects are not known, but it is clear that normal dietary components can either raise or lower the incidence of
cancers that have been initiated by exposing animals to carcinogens in the diet or by other routes. The details of
many such experiments are described in the body of this report.

One interesting feature of these experiments is that their results so closely mimic the human condition. Most
laboratory animals fed ad libitum are grossly obese compared to their wild counterparts. If they are placed on
diets to maintain their weight within the range that would be found in the wild, their cancer rate tends to drop to
very low levels--unless, of course, they are simultaneously exposed to high levels of some carcinogen. Similarly,
obesity has also been associated with higher rates of cancer at some sites in humans.

In principle, we should be at least as interested in the late stages of carcinogenesis as in the early stages.
Although cancer could in principle be prevented by blocking events at any stage, only the young would receive
much benefit if we removed the initiators from our environment, whereas everyone--old and young alike--could
be benefited by blocking the late stages. Unfortunately, because the late events of carcinogenesis are so poorly
understood, much more effort has been expended on the study of initiators. Furthermore, searches for
environmental hazards and most cost-benefit analyses have centered on eradicating the initiators to which we are
exposed, rather than seeking out the promoters.
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METHODOLOGY 30

3
Methodology

As might be judged from the preceding chapter's discussion of the nature of cancer, it will not be easy to
determine what causes cancer. It is especially difficult to identify the connections between cancer and what
people eat, not only because of the complex nature of the disease, but also because of the complex nature of the
food supply, the variations in eating habits, and the limitations of scientific tools.

The classic diet-related disease is associated with a deficiency of one or more nutrients. The discoveries of
the causes and cures of diseases such as scurvy (caused by a lack of ascorbic acid) and beriberi (caused by a lack
of thiamine) led to the development of a specific model for nutrition research in which nutrient requirements
were determined by producing deficiencies in laboratory animals or volunteers.

The relationships between diet and chronic disease did not emerge as a major interest to investigators until
the causes of the principal deficiency diseases were identified. Just as it was once difficult for investigators to
recognize that a symptom complex could be caused by the lack of a nutrient, so until recently has it been difficult
for scientists to recognize that certain pathological conditions might result from an abundant and apparently
normal diet. Adverse effects on health associated with nutrient excess in humans have long been recognized.
Obesity is the most noticeable among them. Other adverse effects result, at least partly, from the availability (and
overuse) of vitamin and mineral supplements. Certain vitamins and most of the minerals are known to be toxic
above certain levels. But these known adverse (pathologic) effects of vitamin and mineral overdoses have, like
the deficiency diseases, a conspicuously direct relationship with the nutrients in question. That is, the effects of
denying or restoring a nutrient to an experimental subject, whether animal or human, are usually observable
within a short time--at most, months. The links between diet and metabolic, degenerative, and malignant diseases
are considerably less obvious. However, because such conditions as atherosclerosis or cancer are probably
associated with dietary patterns that extend over a number of years, the causative agents are difficult to identify.

The possible relationships between diet and cancer have been investigated in studies of human populations
and in laboratory experiments using various _in__vitro systems (to check substances for their ability to mutate
bacteria and mutate or transform other cells) or animal models (to test substances directly for carcinogenicity).
This chapter provides a synopsis of the strengths and weaknesses that are inherent in the methods used

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 31

to study these relationships. It also explains the approach adopted by the committee in evaluating the
epidemiological and experimental evidence.

EPIDEMIOLOGICAL METHODS

General Approaches

In epidemiological research on cancer and diet, investigators seek to associate exposure to dietary risk
factors with the occurrence of cancer in defined population groups. The studies are largely observational, and
may be of several different types:

Descriptive Studies. These studies describe the patterns of disease occurrence in one or more populations, in
components of the same population, or in a single population over time. The observed patterns may be related to
certain other environmental variables or characteristics of the population, such as demographic factors, industrial
pollution, or diet. Data from descriptive studies are suggestive, rather than definitive, and serve primarily to
identify population groups at risk and to generate hypotheses for further investigation.

Correlation Studies. These studies, based on aggregate exposure data and observed outcomes, provide the
next step in establishing meaningful associations. The crudest of these studies are ecological studies in which
national per capita food intake is related to patterns of cancer incidence or mortality. This type of analysis is
frequently able to utilize existing data and is a valuable tool for generating new hypotheses. At a more refined
level, interviews with carefully selected individuals may be correlated either with group-specific cancer rates or
with regional differences in rates. In such analyses, the data on exposure and those on outcome may be
representative of exposure of different groups in the population. Consequently, they often do not reflect true
individual associations and thus may be misleading. This is often referred to as an ecological fallacy.

Case-Control Studies. Unlike descriptive and correlation studies, case-control studies enable investigators to
collect data for individuals rather than for groups, and they are designed to control for confounding variables. In
these studies, exposure data (such as dietary intake) are collected for cases with a specific type of cancer and are
then compared with similar exposure data for a suitably selected noncancer group, usually referred to as
“controls” or compeers. Differences in exposures between the two groups that cannot be accounted for by chance
occurrence (random errors) or by known biases (systematic errors) represent true associations between individual
exposure and disease and may actually reflect causal relationships (Ibrahim, 1979; MacMahon and Pugh, 1970).
The strength of the association can be measured by an odds ratio calculated from a 2 by 2 contingency table.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

(0]
(2]
©
o
o
.
(0]
©
(0]
(2]
£
>
T
g
C
[0
o
Q
[&]
[v]
c
(0]
[0
Ke]
[0
>
©
c
>
(0]
€
[2]
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
Z
[0
£
(o]
(1)
o
C
©
=l
[0
£
©
T
(0]
o
[0}
Ke)
=
[e]
c
C
(]
o
2
[0
>
[
2
o
N
-
C
=
(]
€
£
o]
S
ge)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(7]
[0
o
>
Z
-
(0]
L
<
(o]
ie)
C
©
@
2
>
=
2]
()]
£
©
©
[0
Ny
g
x
[43]
(0]
o
o
©
o
o
2
;
L
=
[®)]
c
K9]
[0
£
)
£
o
2
o
(0]
L
=
[e]
ie

o
iel
=
>3
2
=
=]
©
=
<}
Rel
c
kel
7]
&2
o
>
[
=
=
©
8
=
e}
<
=
>
®©
©
<
£
(2]
©
o
hel
=
T
o
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

METHODOLOGY 32

Cohort Studies. Similar to case-control studies, cohort studies focus on individuals and control for
confounding variables. Furthermore, they are less susceptible to bias than case-control studies because the
exposure data are collected prior to the occurrence of the disease. In the simplest cohort studies, occurrence rates
of disease (e.g., cancer) over time are compared between two groups of individuals with similar characteristics
but with different histories of exposure (e.g., none vs. any; low vs. high) to the factors being studied. Higher or
lower incidence of disease in one group relative to the other implicates the exposure variable as playing a role in
the etiology of the disease. Cohort studies are reported relatively infrequently because the low incidence of the
disease requires following large groups for long periods. This necessitates considerable expenditures of both
time and money. Furthermore, even if a cohort study is prospective, it is limited in that the cohorts were self-
selected and were not randomly assigned as in true clinical trials or intervention studies. However, dietary intake
data from several cohort studies of coronary heart disease have enabled investigators to perform retrospective
cohort analyses of diet and cancer (see Chapter 5).

Intervention Studies. In these studies, which are sometimes called experimental studies, the investigator
randomly assigns the subjects to two (or more) groups, which are then exposed (or not exposed) to different
levels of the substance being studied. Although such studies are ideal for establishing true causal relationships,
opportunities for conducting this type of study are rare. In the past, intervention studies have most often been
undertaken to test the effectiveness of vaccination programs or new treatments for disease. Their use in future
research on diet and cancer will be discussed in a second report to be prepared by this committee.

Methods For Determining Dietary Intake

Several standard methods with markedly different levels of precision are used to determine what people eat.
Some of these methods are based on government production statistics; others use information obtained from
individuals about what they have purchased, prepared, or eaten.

Group Dietary Data. Comparisons of diets for different population groups are generally based on one or two
types of data: national per capita food intakes (also called food disappearance data) or household food inventories.

Most cross-national studies of cancer incidence comparing _national _per _capita “ _intake  of various
foods or nutrients are based on figures derived from food balance sheets. The intakes are calculated by adding
the total quantity of food produced in a country to the quantity of food imported, and then subtracting the sum of
food exported, fed to livestock, put to nonfood uses, and lost in storage. These estimates are

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 33

then divided by the total population to yield per capita intakes. Comparisons of cancer rates at various sites with
national per capita intakes of, for example, fat, fiber, and animal protein are derived from data such as these.
Although national per capita intakes have been very useful in providing leads for further research, they are
inaccurate as measures of food that has actually been eaten. They really only measure food that has
“disappeared” into the food supply--which is why they are sometimes called “food disappearance data.” They do
not account for food produced by individuals, for waste in stores, restaurants, or homes, or for differences in
consumption within a country by different age and sex groups.

In this report, the term “per capita intake” is used synonymously with “food disappearance data.”

Household _food _inventories are used in epidemiological studies to obtain data on the eating patterns of
groups of persons who differ geographically, socioeconomically, ethnically, or in other ways. Food intake over a
fixed period, usually 1 week, is estimated either by trained workers who visit individual homes or by the person
in the household responsible for food preparation who is asked either to record purchases and menus or to recall
household food use. Average per capita intakes of food and nutrients are calculated by dividing the total
household intake by the number of persons in the family. A major limitation of this method is that it assumes
uniform food distribution for members of the individual household.

Individual Dietary Data . Of necessity, individual food consumption data must be provided by individual
assessments--usually reports from the subjects themselves, but occasionally reports from family members who
share their living quarters. Such information is obtained from three basic sources: recent (e.g., 24-hour) recall,
food records, or diet history.

The recent _recall is used most frequently to measure individual consumption. In this method, subjects are
asked what foods they consumed over a recent specified time--usually 1 to 7 days. The 1-day (or 24-hour) recall
only requires that each person estimate the amounts of specific food items consumed during the preceding 24
hours. However, since the foods consumed may vary considerably from one day to the next, 24-hour recalls are
more reliable as a source of group data than as a source of individual data, i.e., the average for an entire group is
probably reasonably representative of the eating pattern for that group. A 24-hour recall may be recorded by the
subject or, more often, by a trained interviewer. He or she may be asked to recall all items or only certain foods
eaten during the specified period. One sampling problem is inherent in the 24-hour recall: diets during the
weekend may differ greatly from those consumed during the week. To increase the representativeness of the 24-
hour recall, this method is often combined with a consumption frequency questionnaire in which subjects are
asked how often they eat selected groups of foods.

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 34

In studies based on _food _records, participants are asked to maintain an accurate diary of all foods
consumed during a specified period (e.g., 1 week). The subjects must estimate the quantity or weigh or measure
each food item eaten at home, allow for inedible portions and plate waste, and note and measure all ingredients
in recipes. They must also record estimated amounts of foods consumed away from home. Although the weighed
diet record was long viewed as the ideal standard in estimating dietary intake, it requires, at a minimum, a great
deal of interest and cooperation on the part of the subjects and, hence, selects for certain types of people.
Moreover, this method is likely to cause subjects to modify their eating patterns to some extent, if only for
purposes of reducing their work load (e.g., by eating fewer mixed dishes). The accuracy of this method is also
compromised in developed countries, where much of the food eaten is neither prepared nor consumed in the
home. Finally, this method is unsuitable for very large-scale surveys or studies because of the time and effort
involved in providing detailed instructions to the subjects, in making frequent follow-up contacts, and in coding
the unstructured information from the records. Despite these limitations, the food record has been used to
validate other methods used for collecting dietary intake data in the same study population.

Unlike the recent recall, the _diet _history method does not seek information on intake during a specified
day or week but, rather, attempts to determine the average pattern of consumption during a particular period of
the subject's life, e.g., just before the onset of an illness. The intake of selected items or the usual dietary pattern
for total intake is obtained through interviews or, less often, by self-administered questionnaire. The information
is recorded as frequencies of consumption or, preferably, as estimated total amounts for the period of study. The
method requires very thorough training of interviewers (or subjects, if self-administered), careful standardization
of the questionnaire, adequate allowances for differences in food preparation, and the provision of suitable
food models to facilitate quantification.

Each of the methods for estimating individual intake has its strengths and weaknesses, but they share certain
limitations. People vary in their abilities to estimate exactly how much of something they have eaten, and may
sometimes fail to notice (or forget to report) their consumption of certain foods (e.g., side dishes at meals,
peanuts taken from a readily available supply). Respondents may also know nothing about the ingredients of the
dishes set before them. Furthermore, as mentioned above, they may alter their eating habits when asked to record
their intake. In case-control studies, there is an additional problem: subjects who are ill (i.e., cases and sometimes
controls) may have altered their diets as a result of their illness. Although patients are generally asked to recall
what they ate before the onset of their illness, they may not be completely successful in this effort.

It is especially difficult to relate diet to a disease like cancer, which has a long time course, because we need
to learn not only what

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 35

people ate yesterday or during the previous week, but also what they consumed in the more distant past. (The
length of time between exposure and onset of disease depends partly on whether the dietary component being
studied is an initiator or promoter.) The notion that subjects can accurately report not only what they usually _eat
but also what they usually _ate is, for the most part, untested, although limited data suggest that “recall” of a diet
consumed 20 or more years ago may more closely reflect present food choices than past ones (Garland and
Ibrahim, 1981).

There is considerable potential for variation in the technique used by interviewers and the introduction of
bias during dietary interviews, especially when very detailed information is required as in studies of cancer.
Depending on the hypothesis being tested, the interviewer may need to elicit careful descriptions of food
preparation methods, of the fats and oils used for frying, of usual portion sizes, of seasonal variations in intake,
etc. Eliciting such information requires considerable probing on the part of the interviewer. During this process,
subjectivity may be introduced in the recording of responses. For these reasons, researchers active in this field
spend considerable time training interviewers and developing effective instruments and aids (for example, see
Morgan et _al ., 1978).

Asking subjects for the same information in two or more different ways by using several methods in
conjunction with one another may also help to overcome some of these problems. Estimates of quantity can be
improved by using realistic or abstract food models (Morgan _et _al ., 1978), photographs of graded portion
sizes (Hankin _et _al ., 1975), and similar devices. The strengths and limitations of the major epidemiological
methods to study effects of diet have been discussed extensively in a number of reports (Beaton _et _al ., 1979;
Graham and Mettlin, 1979; Graham _et _al ., 1967; Hankin _et _al ., 1975; Marr, 1973; Mettlin and Graham,
1978; Morgan et _al ., 1978; National Academy of Sciences, 1981; Nichols et _al ., 1976; Nomura et _al .,
1976; Reshef and Epstein, 1972).

Biological _markers are also used to obtain indirect estimates of individual intakes. This method has the
appeal of objectivity, since it entails the direct measurement of substances in serum, tissues, or body wastes as a
reflection of actual dietary exposures. Apart from the difficulty in collecting such data from healthy controls,
there are other reasons why this method has not been widely used in epidemiological studies of diet and cancer.
Foremost is the difficulty of identifying an appropriate indicator of past intake. For example, serum levels of
some dietary components, such as cholesterol, do not correlate with information on intake and may reflect
homeostatic balances or long-term patterns of consumption (Pearson, 1967; Underwood _et _al ., 1970).
However, recent reports on vitamin A serum levels suggest that some such measurements may nevertheless be
useful in predicting cancer risk in cohort studies (Cambien et _al ., 1980; Kark et _al ., 1980; Wald et _al .,
1980). A particularly troublesome aspect of case-control studies using biological markers

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 36

(e.g., the relationship of fecal steroids to colon cancer) is that the markers may themselves reflect consequences
rather than antecedents of the disease.

Analysis of Dietary Data . Regardless of the method used to collect food intake data, the reported foods
must be grouped into categories before they can be analyzed. Before this can be done, some decision must be
made concerning the kinds of variables that should be compared with data on the occurrence of cancer. The very
first level of decision may be whether to classify the data in terms of foods or nutrients--e.g., whether the
variable of interest is vitamin C or citrus fruits, carotene or grams of dark green and deep yellow vegetables. In
principle, the important analytic variables should be identified at the outset of the study, since that decision will
determine the nature and format of the data that are collected. For example, if the variable of interest is total
calories from fat rather than the characteristics of specific fats, which may differ according to their sources and
processing, then the interviewer need not help the respondent differentiate between animal fats and vegetable oils
or between liquid and hydrogenated shortenings. If vitamin C is considered to be the relevant variable rather than
fresh citrus fruit, then no effort need be made to sort out the various forms in which oranges might be consumed
(e.g., as freshly squeezed or frozen juice, or as whole orange segments). Thus, the nature of the hypothesis
determines the nature of the classification used for data collection. This explains much of the discrepant data
from different investigations of the same cancer site, although the source of the discrepancy may not be
immediately apparent from even the most careful perusal of the published reports.

Since much of the research on the relationship between diet and cancer has been based on hypotheses
regarding the effects of nutrients, the raw data on foods consumed has most often been translated into nutrients,
such as grams of protein, animal protein, total fat, saturated and unsaturated fat, cholesterol, and complex
carbohydrates. The quantitative estimates are usually based on food composition tables, such as those developed
by the U.S. Department of Agriculture. (For an example of these estimates, see Morgan _et _al ., 1978.)
Unfortunately, the mean values recorded in such sources as_USDA _Handbook No . 456 (U.S. Department of
Agriculture, 1975) may not reflect the specific composition of the foods eaten by subjects in a particular study.
For example, wide variations in the nutrient content of unprocessed and processed foods can result from
modifications in processing procedures (e.g., the addition or removal of nutrients) over time. However, such
inaccuracies will merely tend to weaken any detected association rather than introduce a spurious association.

Analyses based on individual foods or food groups are not encumbered by the need to estimate nutrient
intake, but are often difficult to interpret because of the multiple comparisons involved. In such analyses, the
specific substances responsible for an effect may be difficult to identify.

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 37

Overall Assessment of Epidemiological Approaches

The major strength of epidemiological studies is that their focus on human populations circumvents two
important limitations of laboratory research. First, since humans are observed directly, the results do not have to
be extrapolated from one species to another. Second, since the levels and patterns of exposure studied are those
that actually occur among people, interpolation to low doses from the artificially high exposure levels frequently
required in laboratory research can also be avoided. In addition, since the varieties of human experience produce
a wide range of exposures to a given risk factor, epidemiological investigations are often able to examine directly
the effects of different levels of exposure (i.e., dose-response).

On the other hand, epidemiological studies present some special difficulties. To begin with, such research is
limited by its need to rely primarily on observational data, because it is difficult and often unethical to conduct
experiments (i.e., intervention studies) on groups of humans. Furthermore, observational epidemiological studies
are open to errors or bias. For example, persons who agree to participate in such studies or who are selected as
participants by the investigator (e.g., hospitalized patients) may not comprise truly representative groups of
subjects and may yield misleading findings.

Unlike studies of cancer among smokers and nonsmokers, dietary studies are confronted with the inherent
difficulty of determining reasonably precise exposures. For example, the degree to which cases have been
exposed to a particular dietary component may not be sufficiently different from that of controls to demonstrate
any effect. Furthermore, it is often difficult to determine the specific dietary constituents to which study
participants have been exposed.

Another difficulty inherent in epidemiological studies of diet and cancer is the long latency period between
first exposure and overt manifestation of illness. In case-control studies, this delayed onset makes it necessary for
investigators to learn what the subject ate during some period beginning long before the study began, or to
assume that recent intakes reflect past exposures. In prospective cohort studies, the investigator must collect
current dietary data and then either wait (for up to 20 to 30 years) for the disease to appear or identify
sufficiently large groups of subjects for whom there are adequate retrospective dietary data.

Accuracy in the measurement of both the exposure and the outcome variables is especially difficult to attain
in the studies of diet and cancer. For example, the frequent dependence on recall data from interviewed subjects
virtually guarantees imprecise measurement of dietary

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 38

exposure, which might mask small but real differences between cases and controls. Correlation studies may
suffer from differences among countries such as completeness of cancer reporting, diagnostic practices, and
terminology. Furthermore, because cancer incidence (occurrence) data are frequently not available for such
studies, reliance must be placed on mortality data instead. Since mortality reflects survival as well as incidence,
it is not an ideal measure for cancer etiology, particularly for sites where survival rates are high and have notable
international variation. These and other considerations make it especially difficult to identify subtleties in the
relationship between the degree of exposure and risk of disease.

Most of these deficiencies in epidemiological studies of diet and cancer are likely to result in nondifferential
misclassification, thereby reducing the likelihood that a given study will be able to demonstrate true differences
that exist between the groups compared. Therefore, the results of epidemiological studies may often be assumed
to represent conservative estimates of the true risk for cancer associated with the dietary exposures of interest.

LABORATORY METHODS

As interest in the possible relationship between diet and cancer has grown in recent years, increasing
attention has been paid to the chemical carcinogens in our diet. The foods that we eat contain a vast number of
separate chemical entities: several thousand as additives and many times this number as natural constituents.
Most of these chemicals are present in relatively low concentrations, but even small amounts of some potent
carcinogens might be important if they are present in commonly consumed foods.

There are three major laboratory methods for detecting and identifying chemical carcinogens: analysis of
molecular structure, short-term tests, and long-term bioassays in animals. The first two methods provide
information about potential carcinogenicity, whereas the third provides direct evidence of carcinogenicity in
laboratory animals.

Analysis of Molecular Structure

In a review of the large body of evidence pertaining to the role of structure-activity relationships in
predicting carcinogenic activity, Miller (1970) suggested that most, if not all, chemical carcinogens are
ultimately electron-deficient reactants (Miller, 1970). Carcinogens have been identified in more than a dozen
chemical classes, which share no common structural features (Miller and Miller, 1971, 1979). Furthermore, even
within classes, closely related chemicals may differ with respect to carcinogenicity--e.g., 2-acetylaminofluorene
(2-AAF) is a well-known carcinogen in several species of animals, whereas its close relative 4-AAF is not
carcinogenic (Office of Technology Assessment, 1981). The major

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 39

utility of the analysis of molecular structure is to screen a variety of chemicals quickly and to treat the results as
warnings rather than as definitive indicators of carcinogenic activity.

Short-Term Tests

Interest in establishing short-term, relatively quick and inexpensive procedures for the identification of
chemical carcinogens has increased during the past several years as a result of the realization that the list of
potential chemical carcinogens is growing faster than our capacity to test the materials (Bridges, 1976).
Therefore, greater numbers of potentially hazardous compounds must be screened and placed into a priority
system for further testing. This appears to be the primary role of short-term tests.

Since these tests can be conducted quickly (often in only a day or two) and inexpensively, they are useful
for screening substances for potential carcinogenicity. For these tests to be useful, they must not only be faster,
easier to interpret, more sensitive, and less expensive than the standard feeding studies, but they must also be
reliable and relevant to the in _vivo assay upon which they are modeled.

A number of validated short-term tests can be used to examine the capacity of a substance to cause
mutations, other genetic alterations, or neoplastic transformation. These tests can be used with a variety of
biological systems such as bacteria, yeast, mammalian cells, and intact animals.

To date, the most widely used method appears to be the _Salmonella /microsome assay (also called the
Ames test), which utilizes several specifically constructed _Salmonella _typhimurium strains to detect various
kinds of mutations and genetic damage (Ames _et _al ., 1975). It is generally agreed, but not without
considerable controversy, that there is a high degree of correlation between the mutagenicity of compounds in
the _Salmonella /microsome assay and their carcinogenicity in laboratory animals (McCann and Ames, 1976;
Purchase _et _al ., 1978; Sugimura _et _al ., 1976). However, recent studies show that this correlation is
dependent upon the class of chemical being investigated. For most aromatic amines, polycyclic aromatic
hydrocarbons, and direct alkylating agents, there appears to be a high degree of correlation. On the other hand,
chlorinated hydrocarbons are difficult to identify as mutagens in the Ames test, although they are known to be
carcinogenic. _In__vitro mutagenicity tests have one major drawback: although they may provide a good
indication of whether or not an agent is carcinogenic, they produce very little information on its relative
carcinogenic potency.

Other short-term _in _vitro and _in _vivo tests in use include assays for the induction of DNA damage and
repair or mutagenesis in bacteria, in yeast, in _Drosophila _melanogaster , or in mammalian cells in culture.
Whole mammals can be used in the dominant lethal test, mouse spot test,
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tests for heritable translocations, and tests for chromosome aberrations. These mammalian mutagenesis bioassays
offer promise as prescreening tools since they seem to provide both qualitative as well as quantitative data, but
they are more expensive to perform and require more time than the other assays. The _in__vitro transformation
systems are potentially useful for screening carcinogens, but they are also expensive and time-consuming.
Moreover, the reliability of early markers of oncogenic transformation is unknown. If the _in _ vitro
transformation tests have to be carried out to the point of injecting presumably transformed cells into a syngeneic
animal to determine if the cells develop into a tumor, then the expense and time involved are the same or
possibly greater than required for some _in _vivo carcinogenicity test systems.
In general, short-term tests have a number of drawbacks:

« Carcinogens or modifiers of carcinogenesis may operate by mechanisms not involving DNA damage and
repair. Thus, some agents, e.g., tumor promoters, which are particularly relevant when one considers
diet, are not likely to be detected by these tests.

The effects of absorption, transport, activation, detoxification, and excretion are not taken into account.

* Quantitative risk assessment cannot be made easily.

» Despite positive results for mutagenicity in a battery of such tests, many scientists do not accept such

evidence alone as an indication of carcinogenicity. Long-term bioassays in whole animals are still
necessary to make this determination (International Agency for Research on Cancer, 1980).

Long-Term Bioassays

These tests, which are conducted in animals, have been the most widely accepted methods for determining
the carcinogenic effect of substances. In the absence of data on humans, all substances demonstrated to be
carcinogenic in animals are regarded as potential carcinogens for humans, and the empirical evidence
overwhelmingly supports this hypothesis.

The standard procedure in long-term bioassays is to feed substances at levels that are just below the
maximum tolerated dose for a major portion of the lifespan of the animal (usually rodents, which have a lifespan
of 2 to 3 years). The rationale for feeding very high doses of a substance in chronic bioassays is that the number
of animals that develop cancer increases as the dose of the test substance is increased. To conduct a valid
experiment at high doses, only a small number of animals (a few hundred) is required. An important variable that
determines the outcome in these tests is the potency of the carcinogen: the greater

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 41

its potency, the greater will be the number of animals that develop cancer at a particular dose or increase in the
number of tumors per animal. Alternatively, a carcinogen can decrease the latency period or the lifespan without
altering the tumor incidence. If a chemical produces cancer in test animals and if the route of administration is
equivalent to the route by which humans are exposed, it is generally accepted that the compound is potentially
carcinogenic in humans.

These bioassays also have some major drawbacks:

* An adequately performed feeding study takes several years to complete and analyze, and costs more than
$500,000.

The test lacks sensitivity to detect weak carcinogens. For example, if a carcinogen induces cancer in 1%
of the test animals, then an experiment with 50 animals of each sex at each dose will not possess
sufficient statistical power to detect the carcinogenicity of the test substance.

+ False negatives can be obtained because some strains of test animals are more resistant than others. A
negative result means that the test compound is not carcinogenic for that particular species and strain
under the conditions of the test, but the chemical could be positive in another species or strain under the
same or different conditions.

Extrapolation from the high doses given to animals to predict risk to humans cannot be accomplished
with any degree of confidence, even when the test compound has been shown to be carcinogenic in a
full-scale study in animals.

Only recently has there been an attempt to standardize tests for carcinogenicity. Variables include animal
species and strain, genetic characteristics of the test strains, the diet given to the animals, the chemical and
physical characteristics of the test substances, the method of tissue examination, spontaneous rate of tumor
formation in control animals, susceptibility to various carcinogens, dose response to a given carcinogen, and
tissue specificity of a large number of carcinogens.

Difficulties in Studying the Carcinogenicity and Mutagenicity of Food Constituents

Because foods contain unidentified chemicals or mixtures of compounds, it is difficult to test them in long-
term bioassays, which require precise physical and chemical characterization of the test substance. Furthermore,
many foods that are not toxic to humans are toxic to laboratory animals, making it difficult to test these
substances at high doses (Elias, in press).

Because of the mere volume involved, it would be difficult to test the major components of diets for
carcinogenicity by exposing the animals

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 42

to doses 100 or more times higher than the expected levels of human exposure. It is also difficult to use different
doses because nutrient imbalance may result from feeding high levels of the dietary component being tested, and
the supplementation of diet with micronutrients to avoid nutritional deficiencies has not always proved
satisfactory.

It is especially difficult to select a valid control diet in these studies. Ideally, control animals must be fed a
diet identical to the one fed to test animals except that the food or diet being tested should not contain the
presumed carcinogen. If the carcinogen happens to be a naturally occurring constituent (e.g., aflatoxins), then the
carcinogen will have to be removed from the control diet. However, this generally leads to many complications
such as the introduction of new chemicals and/or the removal of others in addition to the carcinogen. If the
carcinogen is generated as a result of food processing, then the control food must be subjected to an alternative
type of processing, if possible, to achieve similar results without generating the carcinogen (Elias, in press) .

Since many dietary carcinogens are probably present in very low amounts, it would be logical to expose a
large number of laboratory animals to low levels of suspected carcinogens. This may be prohibitively expensive.

Alterations in the diet or nutritional status do not appear to cause cancer directly in laboratory animals, but
are only believed to modify the spontaneous rate of tumor formation or the induction and growth of cancer by
specific carcinogens. It is important to learn the background (spontaneous) rate of tumor formation in a given
animal model so that changes induced by altered diets can be evaluated with confidence. It is also very important
to know the dose-response characteristics of carcinogens in order to induce a 50% tumor incidence in tests to
determine if a given dietary or nutritional change enhances or inhibits the induced response. For example, if a
carcinogen induces a 90% tumor incidence, it would be difficult to determine if some change in diet had
enhanced tumorigenesis. Alternatively, it would be difficult to determine if the dietary changes had a significant
inhibitory effect on tumor response if the carcinogen induced only a low incidence of tumors. Assessment of risk
as related to the time to tumor response is discussed in Chapter 18. Furthermore, it is important to select the test
animal whose response to the carcinogen being tested most closely approximates the suspected response of
humans. For example, if a high fat diet appears to be related to an increased risk for colon and breast cancer in
humans, the animal models selected should be able to develop the same type of tumors.

Many laboratory studies of the effect of diet and nutrition on carcinogenesis have not been well controlled,
especially with respect to the composition of the diets fed to the animals. This is an important consideration
because diets are a potential source of naturally occurring carcinogens and may also contain contaminants with
carcinogenic activity. Diets fed to test animals have ranged from various commercial laboratory chows to diets
so purified that mixtures of individual amino acids are

Copyright © National Academy of Sciences. All rights reserved.
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fed in place of protein. Specific nutrients may be administered at levels that range from the marginally deficient
to the questionably excessive. As a consequence, it is difficult to compare results from these studies. Recent
recommendations that standard diets [e.g., the AIN-76 diet (Anonymous, 1977)] be used should help
considerably. Another drawback is the failure to insure isocaloric intakes by control and experimental groups.
Caloric restriction and total food intake have been reported to be important determinants of tumor yield
(Silverstone and Tannenbaum, 1949; Tannenbaum, 1944, 1945; Waxler, 1960). The difficulty in distinguishing
between the effects from changes in total food intake and caloric intake is discussed in Chapter 4. For example,
even an alteration in body size caused by a change in caloric or total food intake may affect tumor yield
(Clayson, 1975). More insight can be gained by pair-feeding to control for total food intake, nutrient
deficiencies, or weight gain.

The in vitro mutagenicity tests were originally developed to assess the mutagenicity of pure substances,
which are much easier to test than the complex mixtures of compounds contained in foodstuffs. Testing is
especially complicated if the nature and properties of the suspected substance presumed to be present in the food
are not known. Until recently, this problem has been circumvented by using food extracts. However, this process
is subject to numerous criticisms. For example, active mutagenic substances detected in food extracts may not be
present in the animal during the normal digestive process. On the other hand, reactions during the digestive
process can result in the formation of mutagens from previously innocuous substances. Furthermore, solvents
used in the extraction procedures could conceivably react with food constituents, and solvent residues may
persist in the extracts--resulting in erroneous conclusions (Elias, in press). _In _vivo mutagenicity testing of
these foodstuffs is comparatively simpler, since the test substance can be fed to the animals in their diet for
several days.

COMMITTEE'S APPROACH TO EVALUATION OF THE LITERATURE

The strengths and weaknesses inherent in the epidemiological and laboratory methods used to study the
relationship between diet and cancer are described above. In the chapters that follow, the committee has
refrained from presenting a detailed critique of the results and methodology of each report, because most of the
criticisms that apply to individual studies are in fact limitations imposed by the design of various types of
epidemiological studies, by the method selected to determine dietary intake, or by the laboratory tests used, all of
which are described in this chapter. Furthermore, because no studies of this difficult subject are without
limitations, the committee did not wish to place too much emphasis on the results, especially the precise
quantitative data (e.g., relative risks in epidemiological studies or tumor incidence in animal experiments), from
any single study. Rather, it reviewed all the data and

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 44

based its conclusions on the overall strength of all the evidence combined.

Although the committee considered the evidence from all types of epidemiological studies, it had the most
confidence in data derived from case-control studies and from the few cohort studies that have been reported.
Instead of relying on aggregate correlation data, these studies are based on the collection and analysis of data on
individuals, and investigators can control for confounding variables. Therefore, the committee concluded that the
evidence on diet and cancer provided by these two types of studies is more definitive and indicative of
meaningful associations than data derived from correlation and descriptive studies. Particular emphasis was
given to the results of case-control or cohort studies that were designed to examine a specific hypothesis.

In evaluating laboratory evidence, the committee placed more confidence in data derived from studies on
more than one animal species or test system, on results that have been reproduced in different laboratories, and
on the few data that indicate a gradient in response.

The preponderance of data and the degree of concordance between the epidemiological and laboratory
evidence determined the strength of the conclusions in the report.

SUMMARY AND CONCLUSIONS

Both epidemiological studies and laboratory experiments have been used to examine the relationship
between dietary factors and carcinogenesis. A number of different epidemiological methods have been used.
These include descriptive studies, correlation studies, case-control studies, and cohort studies. Accurate
measurement of intake is fundamental to the success of most of these studies. Both food disappearance data and
household food inventories are used to determine the intakes of groups. Methods used to measure individual
nutrient intake are recent recalls of intake, food records, and diet histories.

The major strength of epidemiological studies is their focus on human populations. They are the most direct
way of investigating the possible causes of human cancer, thereby avoiding the need to extrapolate data from
animals to humans. Since the exposures studied are those that actually occur among people, dose-response
relationships can be deduced because different people are exposed to different levels of the variable under study.
Furthermore, interpolation from high doses to low doses, which would be necessary in the laboratory, is also
avoided.

The interpretation of epidemiological studies is complicated by the heterogeneity of the human population,
the wide variety of changing lifestyles, and difficulties in the accurate measurement of both the exposure and the
outcome variables. Moreover, ethical, social, and

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 45

political considerations preclude manipulating and arranging human affairs into simpler patterns for analysis. For
example, differences among groups may be difficult to identify if there is little difference in the degree of
exposure to a particular dietary variable. Their interpretation may be further jeopardized by the lack of
specificity of the methods for measuring intake and the uncertainty about whether the data reflect nutrient intake
or whether current intake correlates well with past dietary patterns (which may be more relevant to
carcinogenesis).

Laboratory experimentation on animals is basically an effort to overcome the limitations of direct studies of
cancer in humans. The laboratory provides a simplified and controlled environment, and laboratory animals can
be regarded as uniform and controlled populations “standing in” for human beings. However, the animals are not
human, and the etiology of the cancers they develop may not duplicate that for cancers in humans.

Laboratory tests to study neoplasia are conducted either with whole animals or with cell cultures in _vitro ,
both of which have limitations. One general uncertainty lies in projections or extrapolations from laboratory data
to humans. On the one hand, the biochemical similarity among many species means that what happens in one
species is likely to occur in another; on the other hand, some responses may be peculiar to particular species. An
attempted compromise is to assume that if two nonhuman species react similarly, then humans are likely to have
the same reaction.

Compounds whose carcinogenicity was initially suspected in epidemiological studies can be more quickly
and cheaply tested in short-term laboratory systems than in whole animals. These short-term systems may
involve the use of bacterial cultures, human cells in culture, or even subcellular mixtures of cell components.
Tests on bacteria measure genetic change (mutation) rather than carcinogenesis since the latter has no direct
equivalent in bacteria. Their validity rests on the assumption, backed by considerable data, that carcinogenic
substances are likely to be mutagenic and vice versa. This appears to be true for most compounds known to be
carcinogenic in humans and for many mutagens tested for carcinogenicity in laboratory animals. However, there
are many exceptions, particularly in establishing quantitative correlations between mutagenicity and
carcinogenicity. Therefore, bacterial tests should be regarded as useful, especially for screening, but not as an
exclusive method for determining carcinogenicity. Their basic function is the detection of initiator action--not
the later stages of tumor promotion that may be more relevant for dietary factors, since nutrients have little or no
mutagenic activity.

In summary, data obtained in laboratory tests are useful for evaluating the role of dietary and metabolic
factors in the development of cancer in humans. The laboratory experiments tend to be better controlled and
more precise than epidemiological investigations. However,
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METHODOLOGY 46

they are costly in time and money, and they also depend upon simple assumptions that may not be valid for
humans. The projection of such data to humans must be done cautiously and is most convincing when
accompanied by confirmatory evidence from epidemiological studies. The two approaches are complimentary
and should be used in conjunction with each other as often as possible.

The committee evaluated the evidence from all types of epidemiological studies and laboratory
experiments, but had more confidence in data derived from case-control and cohort studies, in the results of
experiments conducted in more than one animal species or test system, in results that had been reproduced in
different laboratories, and in data that showed a dose response. The preponderence of data and the degree of
concordance between the epidemiological and the laboratory evidence determined the strength of the conclusions
in this report.
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METHODOLOGY 51

SECTION A THE RELATIONSHIP BETWEEN NUTRIENTS AND CANCER

The foods comprising the diets of humans are complex mixtures of chemicals modified by many events that
occur between the field and the table. Only a small proportion of these chemicals have specific nutritional
functions. However, much research and, therefore, much of this report--especially the eight chapters that follow--
are focused on the relationships between rates of cancer at different sites and consumption of specific nutrients.

This focus is not surprising since diet-related diseases have characteristically been associated with
deficiencies of one or more nutrients (e.g., scurvy results from a deficiency of vitamin C). The conquest of such
diseases encouraged investigators to look at the metabolic and degenerative diseases (often called diseases of
affluence) in relation to the same constituents of food consumed in excess.

Yet, as the data reviewed in Chapters 13 and 15 indicate, at least some of the compounds in food (e.g.,
flavones, isothiocyanates) that have been implicated in the causation or prevention of cancer are food
constituents other than nutrients (or additives, or contaminants). This fact suggests (1) that some food
classifications other than the presently obvious nutrient-based ones may need to be regularly considered in
epidemiological studies and (2) that changes in the chemical composition of the food supply may need to be
monitored and controlled, even if they do not appear to affect the per capita supply of compounds classed as
nutrients.

CHANGES IN THE FOOD SUPPLY

Table A-1 lists the daily per capita intake of nutrients during certain years between 1909 and 1976. These
estimates, based on food disappearance data reported by Page and Friend (1978), show that if nutrients alone are
measured, the food supply appears to have undergone little overall change during this period. There has been a
slight decline in total calories available for consumption, essentially no change in total protein, and a moderate
increase in total fat, balancing a similar decline in total carbohydrate. The available supply of most of the
vitamins and minerals measured has remained essentially unchanged. The exceptions are iron and vitamins B, B
», and niacin, which have increased, and magnesium, which has decreased. The increases probably reflect the
enrichment of a variety of flour-based products. Since magnesium is lost during the refining of flour, as are a
number of trace minerals, the decline in magnesium intake might reflect a general decline in trace minerals,
especially those derived from whole grains. If one were relating U.S. trends
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METHODOLOGY 53

in per capita intake to trends in cancer incidence, these data suggest that the relatively stable nutrient
composition of the diet is being reflected in the relatively stable cancer rates at most sites.

However, these figures on the availability of a limited group of nutrients tend to obscure the extensive
changes that have taken place in the food supply during the past 50 years. Some of these can be seen by
examining the changes that have occurred in the contribution of various food groups to total calories
(Figure A-1). For example, the percentage of calories derived from grain products has been halved. As shown in
Table A-2, most of this change can be attributed to a decline in per capita intake of flour: from approximately
131 kg per capita in 1909 to 63 kg in 1976. The intake of fat has also changed in a manner that is not evident in
Table A-1. Although total per capita fat intake increased only 27% during this period, fat as a percentage of
calories increased by 35%. There was also a 56% increase in the intake of separated fats, most of them from
vegetable sources. In other words, as attention shifts from nutrients to food groups and from there to specific
food substances, it becomes increasingly evident that there have been extensive changes in the composition of
what is actually available to eat.

3 . . Fats and oils,
&\ Meat, poultry, fish - Grain products including butter

Fruits and vegetables, [7 Sugar and Potatoes and sweet
including dried beans, % other sweeteners potatoes
peas, nuts, and soy 5% Dairy
products ﬂ products - Eogs
il i . 1909-1913 — 1935-1939
E 30 L
3
x 20 -
w
a
10 4
0 o
1980 Preliminary
Estimate
-
=
w
Qo
c
w
(-9

FIGURE A-1. Contribution of various food groups to per capita supply of food energy (calories). Adapted from
Page and Friend, 1978.
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METHODOLOGY 55

There are some data indicating the magnitude of the changes in per capita intake of certain food items and
constituents; however, many of the changes are not adequately documented. For example, there are no data on
the consumption of whole wheat flour, commercial baby food, or home-produced vegetables. Moreover, there is
no indication whether fresh vegetables eaten in the Northeast were grown in that region or whether they were
shipped by train from California or by air from Mexico (Brewster and Jacobson, 1978). A variety of differences
in their chemical composition (e.g., in their vitamin and mineral content) can result from differences in the way
in which these vegetables were grown, transported, and stored.

Between 1940 and 1977, per capita intake of food color additives increased tenfold. Soft drink consumption
increased 1.5 times in just 16 years--between 1960 and 1976 (Brewster and Jacobson, 1978). Although total
intake of fruits and vegetables increased slightly between 1909 and 1976 (Table A-2), the intake of fresh fruits
and vegetables' actually declined (Table A-3), a major portion of that decline having occurred after 1948.
Changes in the per capita intake of certain individual commodities are especially striking. For example, the
intake of fresh potatoes is more than two-thirds lower than it was at the turn of the century and more than one-
half lower than it was 30 years ago, whereas the intake of processed potatoes has increased by a factor of 44
during the same 30 years. The per capita intake of processed citrus fruit juice--which accounts for much of the
increase in overall fruit intake--increased dramatically from an average of less than one 4-oz (120-ml) serving
per person annually in 1948 to 117 4-0z servings per person in 1976 (Brewster and Jacobson, 1978). Similarly,
the intake of canned or bottled tomato products (e.g., paste, sauce, catsup, and chili sauce) increased from 2.25
kg per capita in 1920 to 10.1 kg per capita in 1976 (Brewster and Jacobson, 1978). All of these changes reflect
the proliferation of food products on the market--from less than 1,000 at the end of World War II to well over
10,000 at present (Molitor, 1980).

IThe term “fresh” applied to fruits and vegetables commonly refers to produce that has been, at most, washed,
trimmed, and chilled. The term “processed” has many meanings; for example, preservation by canning and
freezing, which result in some chemical but little structural change; extraction and dehydration such as the
preparation of orange juice concentrate, which produce significant structural and possibly major chemical
changes including nutrient loss; and processes that involve extensive separation of foods into components, or the
fabrication of new foods such as “chips” made from molded rehydrated potato flakes, which result in marked
structural changes that may have equally marked effects on the chemical composition of foods.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

o
o
(o)
@

o
@

Q2

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

e

=
£
S

E

-
o
e

X
o
o)

e
=
0]
o
I
o

©

£

2
=
o
o

°

=
£
o
2

E

O
9]

)
@
)
2
G
0

Q2

©=

—

=

X
£
o
2

E

O
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

Ko]
(%2}
@

N

X
<
o
2

©

£

2
=
o
o

=

=]

b
o
c

9

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

Q2

=

'_

RO

©=

L

)

o

R4

°

=

=
=}
o

!

<

(0]
(2]
©
o
o
.
(0]
©
(0]
(2]
£
>
T
g
C
[0
o
Q
[&]
[v]
c
(0]
[0
Ke]
[0
>
©
c
>
(0]
€
w
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
Z
[0
£
(o]
(1)
o
C
©
=l
[0
£
©
T
(0]
o
[0}
o]
=
[e]
c
C
(]
o
2
[0
>
[
2
o
N
-
C
=
(]
€
£
o]
S
ge)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(7]
[0
o
>
Z
-
(0]
L
<
(o]
ie)
C
©
@
2
>
=
2]
()]
£
©
©
[0
Ny
g
x
[43]
(0]
o
o
©
o
o
2
;
L
=
[®)]
c
K9]
[0
£
)
£
o
2
o
(0]
L
=
[e]
ie

o
e
=

>3
Is!
=
=]

©
=
<}
Rel

c
Qo

7]

&2

o

>

[
=
=

©
8
=

e}
=
=

>

®©
©
<
=]

(2]

©

o
)
=

T

o
o)

>

a
i)
=
=
b

s}

c
Qo

7]

&2

o

>
=

c
=

S

©
<
=]

©

%}

S

METHODOLOGY 56

TABLE A-3 Annual Per Capita Intake of Fresh and Processed Fruits, Potatoes, and Other Vegetables in the United Statesa
Annual Consumption, kg/Person

Fruits Vegetables (Excluding Potatoes) Potatoes
Year Fresh Processed Fresh Processed Fresh Processed
1909 75.6 3.61 83.7 7.7 81.9 0.2
1927 76.5 8.1 85.5 11.7 63.9 0.2
1948 73.8 19.8 82.8 21.15 50.0 0.2
1965 47.3 27.5 63.5 29.7 30.6 54
1976 52.7 36.5 65.3 31.1 243 9.9

3Adapted from Page and Friend, 1978.

These striking changes in the food supply need to be taken into account when one examines the relationship
between diet and cancer. On the one hand, any change in cancer incidence resulting from major changes in food
processing that occurred before 1900 (e.g., roller milling of grain) or up to 40 years ago (e.g., flour enrichment)
would probably have been observed long before now. Conversely, because of the long latent period between
exposure and manifestation of cancer, effects from changes introduced less than 10 years ago might not yet be
evident. If, as is often the case, changes in food-processing methods are poorly monitored, the extent of exposure
to substances resulting from those processes will not be known. In such cases, it will be difficult to make any
associations between those substances and cancer incidence.

A more difficult problem is encountered in case-control studies: here one must determine what foods were
consumed by subjects one or more decades in the past. It is necessary to make one of two assumptions when
collecting such information: that people can accurately remember their typical dietary patterns of 10 or more
years ago, or that present diets adequately reflect diets consumed in the past. Both of these assumptions are most
subject to inaccuracies when there have been continual shifts in the numbers, types, and varieties of available
foodstuffs. Even when the kinds and amounts of foods consumed in the past can be accurately determined, their
chemical composition remains unknown and may have changed significantly over the decades. For example, a
frozen pizza made with imitation cheese, tomato extender, and soy-protein “pepperoni” is composed of a very
different collection of chemicals than the apparently similar product made 10 years earlier with mozzarella
cheese, tomato paste, and meat sausage.

Copyright © National Academy of Sciences. All rights reserved.
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METHODOLOGY 57

The proportion of manufactured products in the average diet has been increasing, especially in developed
countries, but the detailed composition of many of these products is not known. Manufacturers often consider it
proprietary information. Figures on the production of ascorbic acid illustrate both the scale of the potential
effects of processing and the difficulty of monitoring such effects (Table A-4). During the past 20 years, there
has been a sixfold increase in the tonnage of ascorbic acid produced. But in standard food composition tables
prepared by the U.S. Department of Agriculture, only the amount of ascorbic acid used for food fortification is
recorded. The disposition of the remainder is unknown. Most of the imbalance is probably consumed in the form
of vitamin supplements. Nonetheless, the fact remains that large amounts of ascorbic acid, as well as other
nutrients, are added to foods for “technical” reasons, e.g., for their antioxidant properties, as opposed to
“nutritional” reasons. These amounts do not show up on tables of nutritional value, although vitamins are
monitored more carefully than most other components of the food supply. Most nonnutritive substances are not
monitored at all, and as a consequence almost nothing is known about their presence or fluctuations over time.
Saccharin, for example, is a nonnutritive substance intentionally added to food--by manufacturers or by the
consumers themselves--and, to a very large extent, it is knowingly consumed. Yet, in epidemiological studies it
has proved very difficult to obtain reliable data on individual saccharin intake. Obviously, it is even more
difficult to obtain consumption data for substances that are neither monitored, as are the nutrients, nor consumed
intentionally, as is saccharin.

TABLE A-4 Production of Ascorbic Acid in the United Statesa

Year Amount Produced (Metric Tons)
1960 2,392

1965 3,914

1970 5,470

1974 10,054

1982 14,800 (estimated)

2Data from U.S. International Trade Commission, 1980.
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METHODOLOGY 58

Because of this paucity of information, it is possible to make only the crudest assessments of factors that
may affect the composition of foods. For example, one can determine whether fruits are available fresh, frozen,
or canned, whether potatoes are available fresh or dried, but not whether macaroni contains soy flour or whether
tomato paste contains modified starch, 3-carotene (for color), and added vitamin C--among other things.

It is not clear whether all the changes in the food supply have increased, decreased, or had no effect on the
incidence of cancer. Overall U.S. cancer rates at most sites other than lung and stomach have remained relatively
stable for several decades. This might suggest that the food supply has contained an unchanging cluster of cancer-
causing or protective substances throughout much of this period, despite the extensive changes in the
composition and quantity of many of the foods consumed. It is also possible that any changes capable of
affecting cancer rates (positively or negatively) have occurred too recently to be reflected in cancer statistics. But
even if cancer rates rise or fall in the future, it may prove very difficult to identify which, if any, specific
compositional modifications are involved, since so many different changes are going on simultaneously. This is
illustrated in Figure A-2 and Figure A-3, which show the changing sources of fat in the U.S. diet. These figures
reveal that the relatively stable consumption of “total table spreads” and “total cooking fats” masks a dramatic
shift in the sources and, hence, the composition of the fats involved. The use of butter and lard has decreased
sharply, whereas margarine and shortening (usually based on vegetable oil) have come into much wider use
(Brewster and Jacobson, 1978).
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FIGURE A-2. Intake of butter and margarine. From Brewster and Jacobson, 1978.
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FIGURE A-3. Intake of cooking fat. From Brewster and Jacobson, 1978.

At any particular time, cancer rates probably reflect the sum of many changes, some producing positive and
others negative effects. For example, the introduction and subsequent wide use of refrigeration and the increased
use of mold-inhibitors and antioxidants have probably had positive effects. Together, these changes have
markedly decreased the population's exposure to rancid and/or moldy foods and to foods preserved by salting,
smoking, or drying.

The effect of other changes is less clear. Although there has been relatively little change in the overall
percentage of calories derived from fat, protein, and carbohydrate, there have been marked shifts in consumption
patterns from vegetable to animal protein, from complex to simple carbohydrates, and, as already noted, from
animal to vegetable fats. The increase in per capita intake of fat from meat has compensated for a decline in the
intake of dairy fats. In addition, there has been a marked increase in the intake of separated vegetable oils that
have been structurally altered by hydrogenation and other treatments.
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METHODOLOGY 60

There have also been changes in the nature of the fat-soluble contaminants present in the diet. In federal
inspections for pesticide residues, contaminants have been found most frequently in meats and fats (U.S. Food
and Drug Administration, 1980). The Comptroller General (1979) reported that “of 143 drugs and pesticides
likely to leave residues in raw meat and poultry, 42 were known to cause or suspected of causing cancer.”
Twenty years ago, fats were much less likely to carry such residues since the use of both drugs in animals and
pesticides has increased markedly in the interim (Smith, 1980).

A fivefold increase in the per capita intake of french-fried potatoes is part of a trend toward a much greater
consumption of products crisped by exposure to heated fat or to extreme dry heat. Such products include potato
chips, fried snacks, crackers, and ready-to-eat breakfast cereals. Many products of such browning reactions have
proved to be mutagenic in laboratory tests as have the by-products resulting from the frying and broiling of meat
and fish (see Chapter 13). Hence, products in this category must be regarded as potential contributors to
carcinogenesis.

Several other changes may also be important, but their effects on carcinogenesis are not known. For
example, there has been a documented decline in the consumption of certain types of vegetables, especially in
their fresh state. The effect, if any, of the marked increase in the consumption of cooked (and often burned)
tomatoes is also unclear as is the effect of the documented decline in the consumption of fresh cabbage, since the
total long-term consumption of other cruciferous vegetables (e.g., broccoli, cabbage, and kale) is impossible to
calculate given the lack of accurate data on home production. However, the documented decrease in the annual
per capita intake of sweet potatoes, from 11.1 kg per person during 1976 to 2.4 kg during 1980, combined with
the declining consumption of fresh dark green and deep yellow vegetables, has very likely decreased the intake
of dietary fiber and naturally occurring B-carotene, which recently have been studied for their possibly protective
roles in carcinogenesis (Chapter 8 and Chapter 9).

Despite (or perhaps because of) the paucity of information pertaining to the composition of our
contemporary food supply, foods have been most often used in epidemiological studies as indicators of the
presence of particular nutrients or they have been grouped for analysis according to certain nutrients they have in
common. Given the multitude of other chemicals present in the diet, it is notable that epidemiological studies
have found significant relationships between the occurrence of cancer and estimated intakes of such nutrients as
fat, vitamins A and C, or protein (see Chapter 5, Chapter 6, and Chapter 9). This would seem to indicate either
that these nutrients must play a role in the development of cancer or that they serve as indicators of other
substances that do.

Epidemiological associations between cancer and nutrients are often based on the presence in the diet of
certain foods. For example, citrus fruits have sometimes been used as indicators of

Copyright © National Academy of Sciences. All rights reserved.
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the presence of vitamin C, although they obviously have much more in common than ascorbic acid. They
contain, among other substances, flavonoids (Chapter 13 and Chapter 15). The dietary presence of vitamin A has
often been based on green and yellow vegetable consumption (Chapter 9), although the active agent in those
foods may not actually be vitamin A. Peto et al. (1981) suggested that carcinogenesis may be inhibited by [3-
carotene (the plant constituent that can be converted to vitamin A in the body), rather than by the vitamin itself.
Their report suggests that, when examining naturally occurring compounds in foods, we should not limit our
attention to those already identified as having a nutritional role.

Until fairly recently, fiber was also overlooked as a possible protective factor in carcinogenesis. For many
years, fiber was regarded as a collection of inert substances in foods, even though it was known to be present in
relatively large amounts, compared to vitamins and minerals. These substances were even regarded as a nuisance
factor that might interfere with the absorption of minerals in unrefined diets. Since most traditional diets contain
large amounts of such indigestible residues, fiber came to scientific attention as a result of observations that
peoples consuming “primitive” diets high in complex carbohyates (including fiber) appear to be spared a number
of maladies, including bowel cancer, that are common to populations consuming more refined diets.

These simple observations have led to ongoing investigations concerning which components of
carbohydrate should “count” as fiber, which of them might play a role in carcinogenesis, and how (or whether)
fiber affects the incidence of certain diseases or whether it acts merely by displacing other dietary substances that
are either carcinogens or promoters of carcinogenesis.

The recent findings concerning fiber remind us again that substances in food other than those presently
classified as nutrients may be instrumental in the development of cancer. Milk is one major food that is difficult
to classify in cancer studies. As a source of vitamin A (Mettlin and Graham, 1979), whole milk may be a
beneficial component of the diet; but as a source of fat (Blair and Fraumeni, 1978; Howell, 1974), it may have
deleterious consequences. The category “dairy products” or “milk products” may combine milk products such as
butter, cheese, cream, yogurt, low-fat milk, and cottage cheese, some of which are very different from each other
in composition. In a case-control study conducted by Phillips (1975), dairy products other than milk were
associated with breast cancer. Hirayama (1977) reported that the ingestion of two glasses of milk daily was
associated with a lower risk of gastric cancer in a large cohort.

There have been surprisingly few studies linking specific foods with either increases or decreases in cancer
rates. Where there have been such studies, e.g., those on cruciferous vegetables, the data

Copyright © National Academy of Sciences. All rights reserved.
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underscore the fact that it will be difficult for epidemiologists to sort out the specific chemicals of concern. For
example, the constituents of cruciferae responsible for their apparent effect on the occurrence of cancer may be,
as Chapter 15 suggests, indoles, isothiocyanates, or other nonnutritive substances demonstrated to affect
carcinogenesis in the laboratory. But it is not yet possible to attribute the epidemiological associations to any
such substances simply because of the simultaneous presence in these vegetables of such other constituents as
fiber, B-carotene, ascorbic acid, or calcium.

Moreover, the identification of these associations is complicated not only by the composite nature of single
foods but also by the interrelated variations in the intakes of a number of foods in any given diet. By eating more
broccoli, one ordinarily eats less of something else. More broadly, those who increase their consumption of
vegetable products must, of necessity, simultaneously reduce their consumption of animal products since these
are the only two classes of substances (other than table salt and water) ordinarily consumed by humans. A
reduced intake of animal products will normally result in a decreased consumption of nutrients such as animal
fat, animal protein, heme iron, preformed vitamin A, and zinc; of mutagens formed during the cooking of meat;
and of such fat-soluble contaminants as pesticides and drugs used for animals. This tendency for certain nutrients
and other substances to occur together in certain types of foods accounts for the strong direct correlations among
such dietary variables as beef, all meats, animal fat, and animal protein in epidemiological studies. Moreover, a
reduced intake of animal products is necessarily accompanied by an increased intake of substances such as
starches, fibers, and certain vitamins and minerals that are present in the substituted vegetable foods. Since all
these dietary constituents increase and decrease simultaneously, it is difficult to determine which ones, if any, are
involved when, for example, consumption of animal products and cancer rates decrease simultaneously or when
control subjects consume more animal products than do cancer cases.

Individual diets are not composed of isolated substances or even isolated foods but, rather, they contain
thousands of unique combinations of nutrients and other compounds that comprise the individual food items.
From the standpoint of public education and public health, therefore, it is considerably less important to identify
isolated compounds that cause or protect against certain cancers than it is to identify dietary patterns that
enhance or minimize overall risk. The conclusions and recommendations contained in Chapter 1 reflect this
committee's assessment of the evidence regarding some components of these patterns.

SUMMARY AND CONCLUSIONS

Since the turn of the century, there have been extensive changes in foodstuffs consumed by the U.S.
population. Only a few of these

Copyright © National Academy of Sciences. All rights reserved.
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changes have been measured, and then only crudely. Levels of nutrient intake that have been monitored have
remained relatively constant between 1909 and the present, but data indicate that this constancy obscures major
unmeasured changes in intake of other substances resulting from the declining consumption of certain
commodities; changes in the forms in which foods are consumed; or the introduction of entirely new products
and substances.

The relationship between these changes in the food supply and the incidence of cancer is not yet clear. The
fact that the food supply has undergone major changes while the rates of cancer at most sites have been relatively
constant may suggest that none of the changes has an effect on cancer incidence, that the changes have occurred
too recently to produce an effect, or, more likely, that some changes have had a positive and some a negative
impact. Data reviewed in this report indicate that a number of substances in food other than nutrients may play a
role in the causation or the prevention of cancer. Thus, it may be important in epidemiolgical studies to consider
a variety of food classifications and to monitor changes in the food supply in addition to those that affect nutrients.
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4

Total Caloric Intake

This chapter reviews the many experiments in which the variable studied is the total amount of food
humans or animals eat, rather than the precise composition of their diet. It is entitled “Total Caloric Intake,”
although it is difficult to determine whether the effects brought about by changing the quantity of a diet are due
to the resulting changes in caloric intake or to the changed distribution of specific nutrients.

A number of factors complicate the interpretation of the effect of caloric intake on cancer incidence. Caloric
density can be modified either by modifying the ratio of fat (9.5 kcal/g) to carbohydrate (4.0 kcal/g) or by
varying the concentration of nonnutritive bulk (fiber). Since dietary fat and fiber may also affect carcinogenesis,
it becomes difficult to measure any independent effect of calories.

It is also not possible to identify the effect of caloric intake on cancer incidence in studies of humans.
Although total caloric intake by two populations can be compared, the interpretation of the data is limited by the
same considerations that apply to experiments in animals. It is also difficult to interpret studies in which the
prevalence of obesity is compared with cancer incidence. Obesity is related to the balance between caloric intake
and caloric expenditure. However, the proportional contributions of caloric intake and caloric expenditure to
cancer risk are not known. Furthermore, there is evidence that obesity is related to the consumption of diets with
increased caloric density. Thus, the contributions of fat, fiber, and carbohydrate cannot be readily measured
independently.

EPIDEMIOLOGICAL EVIDENCE

There are few epidemiological data relating total caloric intake to cancer risk, partly because most dietary
studies have been based on preselected food lists, which do not permit the quantification of total dietary intake.

Berg (1975) pointed out that the international distribution of hormone-dependent cancers has generated
suspicion that these cancers may be related to affluence. He suggested that diets typical of affluent populations,
when ingested since childhood, could overstimulate the endocrine system, lead to aberrations in metabolic
processes, and result in cancer.

Copyright © National Academy of Sciences. All rights reserved.
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Gregor et al. (1969) analyzed data on caloric intake and the incidence of gastric and intestinal cancers. They
concluded that as the per capita food intake (or gross national product) increases, the mortality rates for gastric
cancers fall and those for intestinal cancer rise. Hill _et al. (1979), who studied mortality from colorectal cancer
in three socioeconomic groups in Hong Kong, found that the most affluent group had more than twice the
mortality of the poorest group, i.e., 26.7/100,000 vs. 11.7/100,000. The relative proportions of nutrients in their
diets were similar, but estimated daily caloric intake was 2,700 in the lowest socioeconomic group and 3,900 in
the highest.

In a correlation study conducted by Armstrong and Doll (1975), per capita total caloric intake was
examined in relation to cancer incidence in 23 countries and to cancer mortality in 32 countries. Significant
correlation coefficients (r > 0.70) were found for total calories and rectal cancer incidence in males, leukemia in
males, and mortality from breast cancer in females. Notably, the per capita intake of calories was highly
correlated with intakes of total fat, total protein, and animal protein. The finding for breast cancer was
reproduced by Gaskill et al . (1979), who analyzed data on mortality from breast cancer in relation to per capita
intake for foods by state within the United States. However, there was no correlation when they controlled for
age at first marriage (to reflect age at first pregnancy) in the analysis.

In two case-control studies, a number of dietary variables, including total caloric and fat intake, were
estimated for subjects with cancer of the breast (Miller et al., 1978), for subjects with cancer of the colon and
rectum (Jain et al ., 1980), and for matched controls. For breast cancer cases, Miller and colleagues found no
association with caloric intake and a weak association with total dietary fat. Jain and coworkers reported direct
associations with caloric intake for both colon and rectal cancer, but the associations were not as strong as they
were for intake of saturated fat. The authors concluded that the relevant variable in each study was more likely to
be dietary fat than caloric intake.

Independent associations of breast cancer with body weight and height were found by de Waard and
Baanders-van Halewijn (1974) in a cohort study of postmenopausal women in the Netherlands. Also,
differentials in weight between cases of breast cancer and controls were found in Taiwan (Lin et al ., 1971) and
in S8o Paulo, Brazil (Mirra etal., 1971). Thus, de Waard (1975) suggested that susceptibility to breast cancer
could be related to body mass (which, in turn, could be related to nutrition), but this hypothesis has not been
accepted universally (MacMahon, 1975). Subsequently, de Waard et al. (1977) examined the influence of height
and weight on age-specific incidence of breast cancer in the Netherlands and Japan and computed age-specific
incidence curves for different height and weight groups. The heavier and taller postmenopausal women had the
highest incidence of breast cancer. However, there appeared to be little independent effect of weight if there was
an adjustment for its correlation with height. In his earlier study, de Waard (1975) suggested that

Copyright © National Academy of Sciences. All rights reserved.
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lean body mass may be the important variable. However, if height is critical (and it is critical to the calculation of
lean body mass), nutritional factors, if relevant, must begin to operate during adolescence or earlier, as was
pointed out by MacMahon (1975). De Waard et al. (1977) suggested that approximately one-half of the
differences in incidence of breast cancer between Holland and Japan can be attributed to differences in body
weight and height.

In an analysis based on a long-term prospective study conducted by the American Cancer Society from
1959 to 1972, Lew and Garfinkel (1979) examined the relationship between mortality from cancer and other
diseases and variation in weight among 750,000 men and women selected from the general population. Cancer
mortality was significantly elevated in both sexes only among those 40% or more overweight. For men, most of
the excess mortality resulted from cancer of the colon and rectum; for women, cancer of the gallbladder and
biliary passages, breast, cervix, endometrium, and ovary were the major sites. It was not possible to evaluate the
relative importance of overweight in comparison to total caloric intake or intake of other nutrients. Therefore, it
cannot be assumed that obesity as such is the major risk factor. Nonetheless, most studies confirm a relationship
between obesity and caloric intake, and in the absence of definitive information from studies that have separated
the effects of caloric intake and fat intake, e.g., Miller etal. (1978) and Jain etal. (1980) (discussed above), it is
reasonable to assume that high total caloric intake is a risk factor for some sites identified in other studies.

EXPERIMENTS IN ANIMALS

Tannenbaum (1942a,b, 1944, 1945a,b) examined the effects of caloric restriction upon the development of
spontaneous and chemically induced tumors in several strains of mice. Growth of benzo[a]pyrene-induced
tumors was inhibited by caloric restriction to different extents in ABC, Swiss, or DBA mice (Tannenbaum,
1942a). The level of dietary fat affected growth of skin tumors or spontaneous and chemically induced breast
tumors, but not of sarcomas or lung tumors (Tannenbaum, 1942b). Caloric intake was restricted by controlling
the amount of starch added to a diet containing commercial ration and skim milk powder. Mice whose daily
dietary intake was 11.7 calories exhibited 25% more spontaneous mammary tumors than mice whose intake was
9.6 calories (Tannenbaum, 1945a). The incidence of benzpyrene-induced tumors was similar in mice ingesting
11.7 and 9.6 calories per day, but when caloric intake dropped to 8.1 calories daily, tumor incidence fell by 38%
(Tannenbaum, 1945a). Among mice ingesting 11.7 calories daily, those receiving 18% of the calories from fat
developed 70% more spontaneous mammary tumors than those whose diets contained only 2% (approximately
4% of calories) fat. Tannenbaum concluded that dietary fat exerted a specific influence over and above its caloric
contribution (Tannenbaum, 1945b).

Copyright © National Academy of Sciences. All rights reserved.
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The influence of caloric restriction was also tested in a study of 3-methylcholanthrene-induced skin tumors
in mice fed ad libitum and in a control group on a restricted diet. The carcinogen was painted on the skin for 10
weeks, and the mice were then observed for 1 year. On the basis of this experiment and earlier studies,
Tannenbaum (1944, 1945b) concluded that the carcinogen-induced changes occur regardless of diet, but that the
ad libitum ingestion of diet promotes tumor development.

Lavik and Baumann (1943) studied the promoting action of different levels of dietary fat on 3-
methylcholanthrene-induced skin tumors in mice. A low fat, low calorie diet resulted in the fewest tumors. Lard
with high (saturated) and low (unsaturated) melting points produced similar results, and the addition of riboflavin
to the diet had a slight promoting effect; but the principal effect on carcinogenesis was produced by high caloric
intake.

The studies of Tannenbaum and those by Lavik and Baumann could be profitably extended since we have
identified a variety of possible carcinogens and promoters and have gained a greater understanding of food
composition in recent decades.

SUMMARY AND CONCLUSIONS

Epidemiological Evidence

The epidemiological evidence supporting total caloric intake as a risk factor for cancer is slight and largely
indirect. Much of it is based on associations between body weight or obesity and cancer. Studies that have
evaluated both caloric and fat intake suggest that fat intake is the more relevant variable.

Experimental Evidence

Studies in animals to examine the effect of caloric intake on carcinogenesis have been few and are difficult
to interpret. In these experiments, animals on restricted diets developed fewer tumors and their lifespan far
exceeded that of animals fed ad libitum, thereby indicating a decrease in the age-specific incidence of tumors.
However, because the intake of all nutrients was simultaneously depressed in these studies, the observed
reduction in tumor incidence or delayed onset of tumors might have been due to the reduction of other nutrients
such as fat. It is also difficult to interpret experiments in which caloric intake has been modified by varying
dietary fat or fiber, both of which may by themselves exert effects on tumorigenesis.

Thus, neither the epidemiological nor the experimental studies permit a clear interpretation of the specific
effect of caloric intake

Copyright © National Academy of Sciences. All rights reserved.
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on the risk of cancer. Nonetheless, the studies conducted in animals show that a reduction in total food intake

decreases the age-specific incidence of cancer. The evidence for humans is less clear.

TOTAL CALORIC INTAKE
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5
Lipids (Fats and Cholesterol)

EPIDEMIOLOGICAL EVIDENCE

Fats

Of all the dietary factors that have been associated epidemiologically with cancers of various sites, fat has
probably been studied most thoroughly and produced the greatest frequency of direct associations. However,
since dietary fat is highly correlated with the consumption of other nutrients that are present in the same foods,
especially protein in Western diets, it is not always possible to attribute these associations to fat intake per se
with absolute certainty.

Breast Cancer. Several international correlation studies have shown direct associations between per capita
fat intake and breast cancer incidence or mortality (Armstrong and Doll, 1975; Carroll, 1975; Drasar and Irving,
1973; Gray et al., 1979; Hems, 1978; Knox, 1977). In general, the correlations were higher for total fat than for
the other dietary factors considered (e.g., animal protein, meat, specific fat components, and oils). Some of the
similarities in the findings undoubtedly reflect the overlapping data sets used in these studies rather than
reproduced results.

In other correlation studies, intracountry data sets have been used to compare dietary fat intake and breast
cancer. Gaskill et _al. (1979) compared per capita intake of various foods by state within the United States with
corresponding breast cancer mortality rates and found a significant direct correlation with fat intake when results
from all states studied were combined. The correlation disappeared, however, when the southern states were
excluded from the analysis or when they controlled for age at first marriage (as a reflection of age at first
pregnancy) or median income. Their results suggested that dairy products as a class increased the risk of breast
cancer. Hems (1980) noted that time trends for breast cancer mortality in England and Wales from 1911 to 1975
correlated best with corresponding per capita intake patterns for fat, sugar, and animal protein one decade earlier.
In studies based on personal interview data, Kolonel etal. (1981) correlated individual consumption of fat with
ethnic patterns of breast cancer incidence in Hawaii. These investigators found significant associations with total
fat, with animal fat, and with both saturated and unsaturated fats.

The findings of three case-control studies support a role for dietary fat in the risk for breast cancer. Phillips
(1975) reported a direct association between frequency of consumption of high-fat foods and breast cancer in a
study of 77 breast cancer cases and matched controls among

Copyright © National Academy of Sciences. All rights reserved.
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Seventh-Day Adventists in California. Miller etal. (1978) also found a weak direct association, but no evidence
of a ose response, between total fat consumption (based on quantitative dietary histories) and breast cancer in a
study of 400 cases and 400 matched neighborhood controls in Canada.

In the third case-control study, Lubin et al. (1981) found significant increasing trends in relative risk with
more frequent consumption of beef and other red meat, pork, and sweet desserts. Analysis of computed mean
daily nutrient intake supported a link between breast cancer and consumption of animal fat and protein.

Nomura et al. (1978) compared the diets consumed by husbands of women with and without breast cancer.
(The men were participants in a prospective cohort study of Japanese men in Hawaii.) These investigators
reported a direct association between consumption of high fat diets by the husbands and breast cancer in their
wives, who were assumed to have adhered to similar eating patterns.

Prostate Cancer. Prostate cancer has also been associated epidemiologically with fat intake. International
data on mortality, but not incidence, indicate that there is a strong direct correlation of per capita total fat intake
and cancer at this site (Armstrong and Doll, 1975). Howell (1974) reported similar results from a study based on
a rank correlation with mortality in 41 countries. In Hawaii, the incidence of prostate cancer in four ethnic
groups was highly correlated with consumption of both animal and saturated fat (Kolonel et al ., 1981). In the
mainland United States, Blair and Fraumeni (1978) correlated prostate cancer mortality by county with dietary
variables. They observed that counties with a high risk for prostate cancer among whites had correspondingly
high per capita fat intakes among the same population. Hirayama (1977) observed that one of the most notable
dietary changes in Japan since 1950 is increased per capita fat intake and that this change parallels a striking
increase in mortality from prostate cancer.

Prostate cancer has been associated with dietary fat in two case-control studies. In an ongoing study based
on 111 cases with prostate cancer and 111 matched hospital controls, Rotkin (1977) has found that the cases had
consumed high fat foods with greater frequency than had the controls. Schuman et al . (1982) also reported a
more frequent consumption of foods with high animal fat content by cases than by controls.

Cancer of Other Reproductive Organs. Other reproductive organs for which there have been associations
between dietary fat and cancer include the testes, corpus uteri, and ovary. Armstrong and Doll (1975) found
direct correlations between per capita intake of total fat and incidence of cancer of the testes and corpus uteri and
mortality from ovarian cancer. Lingeman (1974) also correlated mortality from ovarian cancer with international
data on fat intake. Kolonel et al. (1981) found a direct association between ethnic patterns of total, animal,
saturated, and

Copyright © National Academy of Sciences. All rights reserved.
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unsaturated fat consumption in Hawaii and incidence of cancer of the corpus uteri.

Gastrointestinal Tract Cancer. Dietary fat has also been associated with cancer at several sites in the
gastrointestinal tract. In only one case-control study, however, has an association of stomach cancer with dietary
fat been suggested. In that study, Higginson (1966) reported more frequent consumption of fried foods and
greater use of animal fats in cooking by gastric cancer cases than by controls. Graham et al. (1972) failed to
confirm this finding in a subsequent study of 168 gastric cancer cases matched to hospital controls.

Although time-trend data in Japan (Hirayama, 1977) and one international correlation study (Lea, 1967)
have shown associations of fat intake with pancreatic cancer, most epidemiological data pertain to cancers of the
large bowel. Armstrong and Doll (1975) reported direct correlations between colon and rectal cancer incidence
and mortality and per capita intake of total fat, based on international data. Knox (1977) also reported a strong
correlation between mortality from cancer of the large intestine (excluding rectum) and per capita total fat intake,
and only a slightly weaker correlation between mortality from rectal cancer and intake of total fat and animal fat.

After reviewing their data from an earlier study, Enig et al. (1979) retracted their original suggestion that
colon cancer was directly correlated with intake of total, saturated, and vegetable fat, but not with animal fat.
Bingham et al. (1979) calculated average intakes of nutrients by populations in different regions of Great Britain.
They found no significant association of fat intake with mortality from colon and rectal cancers. Lyon and
Sorenson (1978) also reported little difference in fat intake between the population of Utah (with a low risk for
colon cancer) and that of the United States as a whole.

The contrast between the strong international correlations and the lack of associations within countries is
striking. One possible explanation is that the regional food intake data within a country are based on means of
individual consumption data and, thus, may be too uniform to demonstrate any strong association with risk of
colon or rectal cancer. In contrast, the variation in fat intake among countries is much greater, thereby facilitating
the demonstration of associations.

MacLennan et al. (1978) compared the diets of adult men in two Scandinavian populations with different
risks for colon cancer (high risk for Danes in Copenhagen and low risk for Finns in Kuopio). These studies,
which were based on food diaries, indicated that the consumption of fat was similar for both groups, but that
there were differences in fiber intake (see Chapter 8). Reddy et al. (1978) also studied this low risk Finnish
population and compared their diets to those of a high risk population in New York. They too found no
difference between groups in

Copyright © National Academy of Sciences. All rights reserved.
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total fat intake, but noted that a higher proportion of total fat was consumed as dairy products by the Finns and as
meat by the New Yorkers. This observation raises the possibility that the source as well as the quantity of dietary
fat may be relevant.

In a case-control study conducted in parallel with the study on breast cancer (described above), Phillips
(1975) found a direct association between colon cancer and the frequent consumption of high-fat foods by
Seventh-Day Adventists. In a study of cases and hospital controls among blacks in California, Dales etal. (1978)
observed a direct association between risk of colon cancer and frequent consumption of foods high in saturated
fat. The association was strongest for those who consumed diets high in saturated fat and low in fiber content.
Total fat consumption, estimated from frequency data, was also reported to be higher among large bowel cancer
cases than among controls in a study conducted in Puerto Rico (Martinez et al., 1979).

Dietary histories were used to estimate nutrient intake in a case-control study conducted by Jain et al.
(1980) in Canada. They reported a direct association (including a dose response) between risk of both colon and
rectal cancer and consumption of fat, especially saturated fat. The elevated risks persisted after adjustment for
other nutrients in the diet.

Several reports on meat consumption are relevant to this discussion since meat can be an important source
of dietary fat, especially saturated fat. Berg and Howell (1974) and Howell (1975) reported a high correlation
between colon cancer mortality and meat intake (particularly beef), based on international per capita intake data.
In Hawaii, investigators reported a direct association between frequency of meat, especially beef, consumption
and large bowel cancer among Japanese cases and hospital controls (Haenszel et al., 1973). This finding was not
reproduced in studies conducted in Buffalo, New York (Graham et al., 1978) and in Japan (Haenszel _et al.,
1980), nor in parallel cohorts followed prospectively in Minnesota and Norway (Bjelke, 1978). Furthermore,
Enstrom (1975) has noted that trends in beef intake in the United States do not correlate with trends in the
incidence of and mortality from colorectal cancer.

Meat consumption has also been associated with pancreatic cancer. In a case-control study conducted in
Japan, Ishii et al . (1968) found a direct association between meat consumption by men and mortality from
pancreatic cancer. Their findings were based on responses to mailed questionnaires, most of which were
completed by relatives of deceased cases. Hirayama (1977) reported a relative risk of 2.5 for daily meat intake
and incidence of pancreatic cancer in a prospective cohort study of 265,118 Japanese.

Summary. The results from a substantial number of epidemiological studies have indicated an association
between dietary fat and cancers of the gastrointestinal tract (especially the large bowel) and of endocrine target
organs (especially the breast and prostate). Some studies of

Copyright © National Academy of Sciences. All rights reserved.
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large bowel cancer were conducted on groups of relatively homogeneous populations, and some were not
specifically designed to test the hypothesis that fat consumption is associated with colon cancer. The studies
designed specifically to test this hypothesis (e.g., Dales et al., 1978; Jain et al., 1980) tended to show the most
striking direct associations, especially when the possible confounding effects of dietary fiber were considered.
The evidence for cancer of the breast and prostate is more consistent than that for large bowel cancer. The results
of the most thorough case-control study of breast cancer yet reported (Miller et _al., 1978) were only weakly
positive, however, partly reflecting the fact that recent food consumption was measured rather than dietary intake
patterns earlier in life, which may have been the more relevant exposure period. (Studies of changing breast
cancer incidence among Japanese migrants to the United States and their descendents, for example, suggest that
early-life exposures are important determinants of breast cancer risk.)

Cholesterol

High-fat diets have been associated with atherosclerosis--a condition that has also been associated with
elevated serum cholesterol levels. Therefore, there has been interest in studying the relationship of serum
cholesterol levels as well as cholesterol intake to the incidence of cancer. Most of the studies described below
were designed to examine the association between cholesterol and cardiovascular disease, and were not
specifically intended to measure cancer incidence or mortality. However, the opportunity provided by these long-
term studies of cardiovascular disease in which serum cholesterol levels of the subjects were determined at the
beginning of the study has resulted in a number of different reports on observed associations.

Using per capita food intake data from 20 industrialized nations and simple correlation analysis, Liu etal.
(1979) showed that there was a strong direct correlation between per capita intake of total fat and cholesterol and
the mortality rate for colon cancer, but that there was an inverse correlation for fiber intake. Cross-classification
showed a highly significant association for cholesterol, but not for fat or fiber. These investigators suggested that
the data support a causal relationship between dietary cholesterol and colon cancer.

Pearce and Dayton (1971) conducted an 8-year clinical trial in which groups of 422 and 424 men were fed a
conventional diet or one containing high levels of polyunsaturated fat (to lower cholesterol levels), respectively.
Incidence of cancer deaths in the groups on the experimental diet was higher. In a similar experiment conducted
in Finland, Miettinen et al. (1972) also found more carcinomas in the test group. A study group, convened to
examine cancer incidence in men from five controlled trials of cholesterol-lowering diets, found little difference
in relative risks (Ederer etal., 1971).

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 78

In other studies, clofibrate, a hypolipidemic agent, or a placebo was administered to more than 10,000
volunteers between 30 to 54 years of age whose serum cholesterol levels were in the top tertile (Committee on
Principle Investigators, 1978). The total mortality from causes other than ischemic heart disease was
substantially higher in the clofibrate group: there was a disproportionately large number of neoplasms of the
gastrointestinal tract and a few more neoplasms in the respiratory tract. However, there were too few cancer
deaths to demonstrate a statisticially significant difference among the test groups.

In another study of the relationship between colon cancer and serum cholesterol, Rose etal. (1974) observed
that the initial levels of serum cholesterol in colon cancer patients were lower than expected. They also reported
that serum cholesterol levels were higher in patients with cancer of the stomach, pancreas, liver, bile ducts, and
rectum than in the controls. Bjelke (1974) reported a similar correlation between colon cancer and low levels of
serum cholesterol. Nydegger and Butler (1972) examined total serum cholesterol levels in 186 controls and 122
subjects with malignant tumors. Their data also generally showed lower cholesterol levels in the cancer patients.

Beaglehole et al. (1980) studied the relationship between serum cholesterol concentration and mortality in
New Zealand Maoris over a period of 11 years. They found significant inverse relationships between serum
cholesterol concentrations and cancer mortality.

In a 7.5-year follow-up study of London civil servants, Rose and Shipley (1980) observed that mortality
from cancer at all sites was associated with a progressive decline in plasma cholesterol levels. These
investigators grouped cancer deaths into those that occurred less than 2 years after the subjects entered the study
and those that occurred from 2 to 7.5 years afterward. For the group in which deaths occurred within 2 years, the
age-adjusted mortality rate for those with the lowest plasma cholesterol levels was more than double the rate for
those with the highest levels. However, cancer deaths among those followed for longer than 2 years occurred at
the same rate, regardless of plasma cholesterol level at entry into the study. The investigators concluded that the
decline in cholesterol levels was probably a metabolic consequence of cancer, which, while unsuspected, was
present when the subjects entered the study.

In more than 5,000 subjects studied for 24 years in the Framingham Heart Study (Williams et al., 1981), an
inverse relationship between serum cholesterol levels and cancer of the colon and other sites was observed in
men but not in women.

Kark etal. (1980) related serum cholesterol levels to cancer incidence in more than 3,000 individuals
followed for as long as 14 years in Evans County, Georgia. Patients diagnosed as having cancer at any site at
least 1 year following entry into the study had had entry serum cholesterol levels significantly lower than those
in the noncancer patients.

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 79

This association was the same for black and white females and for black and white males, but was stronger in
males of both races. The possibility that the presence of cancer may have been responsible for the lower serum
cholesterol levels was investigated. Patients were categorized into three groups, depending on when evidence of
cancer was first observed after entry into the study: within 1 year, from 1 to 6 years, and from 7 to 13 years.
Initial serum cholesterol levels were higher in the first group than in the other two groups, but no differences
were noted between the latter groups. Kark and colleagues also observed little difference in cholesterol levels in
cases and controls when various cancer sites were grouped together. However, they did report low serum
cholesterol levels in lung cancer patients, whereas Stamler et al. (1968) observed that serum cholesterol levels
were higher in lung cancer cases than in controls. A study conducted in Norway indicated that there was no
overall relationship between serum cholesterol levels and total cancer incidence (Westlund and Nicolaysen, 1972).

In the Honolulu Heart Study, 598 deaths were observed in 7,961 men whose cholesterol levels had been
determined and who were followed for 9 years (Kagan et al., 1981). The baseline serum cholesterol levels were
directly associated with mortality from coronary heart disease but inversely associated with total cancer
mortality, mortality from cancers of the esophagus, colon, liver, and lung, and malignancies of the lymphatic and
hematopoietic systems.

In Yugoslavia, Kozarevic et _al. (1981) related baseline serum cholesterol levels to mortality in 11,121
males over a 7-year period. The inverse association between cancer deaths and serum cholesterol levels was not
statistically significant.

In the Puerto Rico Heart Health Programme, 9,824 men were followed for 8 years (Garcia-Palmieri etal.,
1981). Serum cholesterol levels measured at the first examination were found to vary inversely with subsequent
mortality from cancer.

Peterson etal. (1981) followed 10,000 men in Sweden for a mean of 2.5 years. They found that deaths from
neoplastic disease and other noncoronary heart disease peaked at low levels of serum cholesterol.

In contrast, serum cholesterol was not associated with overall risk of death from cancer in three
epidemiological studies of Chicago men (Dyer et al., 1981). When cancer deaths were evaluated by site, there
was a significant inverse association between serum cholesterol and deaths from sarcoma, leukemia, and
Hodgkin's disease in the nearly 2,000 men studied for 17 years, but not for deaths from lung cancer, colorectal
cancer, cancer of the oral cavity, pancreatic cancer, or all other cancers combined. There was, however, a
suggestion of a direct association for breast cancer in women.

These studies have been assessed by Lilienfeld (1981) and by others, who concluded that the observed
inverse correlations do not substantiate

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 80

any direct cause-and-effect relationship between low blood cholesterol levels and cancer.

Only one case-control study has specifically evaluated serum cholesterol levels in cases of colon cancer and
matched controls (Miller etal., 1981). In 133 pairs matched by age and sex, serum cholesterol levels were lower
for cases than for controls. However, following stratification by tumor stage, significant differences in
cholesterol levels persisted only between cases with advanced tumors and controls. Furthermore, only women,
not men, had significantly lower serum cholesterol levels with advancing disease. The lack of an association in
early disease supports the concept that low serum cholesterol levels observed in colon cancer patients may be the
result of a metabolic change accompanying tumor growth and may not necessarily precede tumor formation.

Miller et al. (1978) studied the association of dietary levels of cholesterol and breast cancer. They found no
significant differences in estimated cholesterol consumption between cases and controls. In another case-control
study, the same group found that cholesterol intake for males with rectal cancer and females with colon and
rectal cancer was higher than for controls (Jain etal., 1980). Although the relative risk for dietary cholesterol was
significant at higher intakes for all male and female cases, compared to all controls, it was substantially less than
the estimates of risk for other nutrients associated with intake of fat, especially saturated fat.

There is an apparent conflict in the evidence, i.e., that an increased risk of cancer of the colon and other
sites has been associated not only with dietary cholesterol (and simultaneous intake of other, possibly more
relevant lipid components) but also with very low serum cholesterol levels. A possible explanation might be that
a high intake of dietary fat (and/or cholesterol) by persons whose metabolism maintains low serum cholesterol
results in reduced biosynthesis of cholesterol and a high rate of excretion for cholesterol breakdown products in
the intestine (Lin and Connor, 1980). These breakdown products could serve as substrates for the intraluminal
production of carcinogens by intestinal bacteria (Hill etal., 1971). However, in metabolic studies conducted in
hospital wards, low serum cholesterol is usually accompanied by excretion of low levels of bile acid. This
observation is not compatible with the mechanisms normally proposed for the carcinogenic effect of dietary lipids.

In summary, data pertaining to the association between serum cholesterol levels and total cancer incidence
and mortality are inconsistent. An inverse correlation between serum cholesterol levels and colon cancer in men
has been noted in some studies, but not in all. It is not clear whether lower than normal serum cholesterol levels
are the cause, or whether they reflect the metabolic consequences, of cancer. Thus, the data are inconclusive and
do not point to a causal relationship between low cholesterol levels and risk of colon cancer. However, since

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 81

they do suggest that low serum cholesterol levels may be a clue to some unknown factor, possibly something that
is transported in the low density lipoprotein fraction of serum, these data and future findings should be examined
carefully.

RELATIONSHIP OF FECAL STEROID EXCRETION TO BOWEL CARCINOGENESIS

The possibility that metabolites in the colon could provide a clue to the presence of malignancy has
stimulated a number of investigators to study the level and spectrum of steroids in the feces of populations at low
or high risk for colon cancer, as well as of animals fed colon carcinogens together with various dietary regimens.
The amounts of neutral and acidic fecal steroids correspond to the level of fat intake. However, studies of the
ratios of primary to secondary bile acids or the ratio of cholesterol to its metabolic products (i.e., coprostanol and
coprostanone) have revealed no significant differences among the populations studied (Moskovitz et al., 1979;
Mower et al ., 1979; Reddy, 1979).

Recent comparisons of high risk and low risk populations, e.g., three socioeconomic groups in Hong Kong
(Hill et al ., 1979) and Finns and New Yorkers (Reddy, 1979), suggest that the concentration of bile acids is
elevated in feces of the groups that are at higher risk.

Pioneering efforts by Hill and his colleagues (1971) pointed to an association between rates of mortality
from colon cancer and fecal excretion of bile acids as well as the fecal degradation of cholesterol and its
metabolites. They revived an earlier concept, based on structural and steric similarities, that bile acids might be
transformed to the carcinogen 3-methylcholanthrene by anaerobic gut bacteria. In the studies leading to these
earlier theories, deoxycholic acid was converted chemically to 3-methylcholanthrene by Wieland and Dane
(1933) and by Cook and Haslewood (1933). Later, Fieser and Newman (1935) derived the same carcinogen from
cholic acid. The chemical steps used in these studies were all reactions known to occur naturally, i.e., oxidation,
hydrogenation, cyclization, and dehydrogenation, although laboratory conditions for the synthesis did not
reproduce normally encountered biological conditions.

Through the efforts of Hill, Reddy, Mastromarino, Narisawa, Nigro, their coworkers, and others, the
concept has evolved that fecal bile acids and metabolites of cholesterol may function as cocarcinogens,
carcinogens, or promoters in tumorigenesis of the large bowel (Hill et al., 1971; Mastromarino et al., 1976;
Narisawa et al., 1974; Nigro et al., 1973; Reddy and Wynder, 1973; Reddy et al., 1977a). To date, however, no
active carcinogen derived from bile acids has been isolated from human or animal feces.

Reddy etal. (1977a) demonstrated that a fourfold increase in dietary fat (from 5% to 20%) given to rats
increased the 24-hour fecal excretion

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 82

of neutral and acid sterols by 30% to 40% (based on body weight). Bacterial conversion of primary to secondary
bile acids occurred more extensively in rats fed the high fat diet than in those fed the low fat diet.

The possibility that bile acids may have tumor-promoting effects is supported to some extent by the finding
that bile acids affect cell kinetics in the intestinal epithelium. Diversion of biliary and pancreatic secretions from
the intestine decreases DNA synthesis and cell proliferation (Fry and Staffeldt, 1964; Ranken et al., 1971; Roy
etal., 1975), whereas the administration of secondary bile acids increases cell proliferation in liver bile ducts and
the biliary tract epithelium (Bagheri et al., 1978). Inhibition of DNA synthesis and cell proliferation has also
been observed in the rat colon following biliary diversion (Deschner and Raicht, 1979).

Possible promotional effects of bile acids on bowel tumorigenesis were suggested in studies initiated by
Narisawa et al . (1974) and completed, with a large sampling of bile acids, by Reddy and colleagues (see review
by Reddy et al., 1980). In these studies, N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), which is a direct-acting
carcinogen, was administered intrarectally to conventional or germfree rats for 2 weeks. During the subsequent
16 weeks, 20 mg doses of sodium cholate, sodium chenodeoxycholate, or sodium lithocholate in 0.5 ml of
peanut oil were administered intrarectally to rats 3 times a week. No tumors were detected in the control groups.
The total number of large bowel tumors in each of the conventional and germfree rats given intrarectal
instillations of bile salts was greater than in rats given MNNG without bile salts. These data also suggest that gut
microflora was not required for the effect of bile acids to be manifested. In this study, the quantity of bile salts
administered intrarectally was approximately 20 to 60 times higher than that normally excreted in the feces
during a 24-hour period. Perhaps more importantly, the instillations at levels of approximately 100 mM were at
least 10 times higher than the normal concentrations of these salts within the lumen of the bowel.

Palmer (1979) observed that bile salts interact readily with membranes from artificial liposomes, bacteria,
and mammalian cells. The well-studied cytotoxic effects of bile salts are invariably preceded by alterations in
membrane permeability in red blood cells, in a variety of tissues, and in mucosal cells of both the large and the
small intestine (Dawson and Isselbacher, 1960; Dietschy, 1967; Hoffman, 1967). In one study, the effects of
these salts upon permeability (and presumably cytotoxicity) in the gut were minimized when conjugated bile
salts were added to the unconjugated bile salts in sufficiently high concentrations (Low-Beer etal., 1970). Thus,
it cannot be determined whether the effects of intrarectally instilled unconjugated bile salts demonstrated classic
tumor promotional activity or resulted from nonspecific damage and repair activity associated with increased
cellular proliferation of the colonic mucosa induced by the high intraluminal concentration of the salts.

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 83

Cohen and associates studied the effect of bile acid on colon tumors induced by nitrosomethylurea (NMU)
by feeding rats lab chow pellets with and without added bile acid. They observed that 0.2% cholic acid (Cohen
etal., 1978), but not chenodeoxycholic acid (Raicht et al., 1975), increased the number of NMU-induced colon
tumors, as compared to the number of tumors in rats fed nonsupplemented pellets. In the dimethylhydrazine
(DMH) model, no effect on colon tumorigenesis was observed in rats fed 0.3% cholic acid in a semisynthetic
diet (Broitman, 1981).

Evidence that increased quantities of bile acids in the colonic lumen were associated with an increase in
azoxymethane (AOM)-induced colon tumorigenesis in rats was provided by Chomchai et al. (1974). Williamson
etal. (1979) showed that bile initiated prompt ileal hyperplasia in rats following intestinal resection with
diversion of the pancreatic and biliary ducts to the terminal ileum, i.e., paucreatobiliary diversion.

Feeding cholestyramine to rats given AOM for tumor induction increased the average number of tumors in
the large bowel but not in the small bowel (Nigro etal., 1973, 1977). Vahouny et al. (1981) demonstrated that
intraluminal infusion of 165 uM of cholic, deoxycholic, and chenodeoxycholic acids 1:1:1 twice daily for 5 days
resulted in severe topological changes in the colonic mucosa.

Thus, the enhancement of tumorigenesis observed at high concentrations of bile acids may be related to
nonspecific effects of tissue injury. Tumor-enhancing effects of nonspecific injury have been attributed to
increased cellular proliferation, which accompanies inflammation and repair (Ryser, 1971).

EXPERIMENTAL EVIDENCE

The first demonstration that dietary fat could influence tumorigenesis was reported by Watson and
Mellanby (1930). Most of these studies were conducted by increasing the level of dietary fat, which also led to
an increase in the total intake of calories. Addition of 12.5% to 25.0% butter to a basal (3% fat) diet given to coal-
tar-treated mice increased the incidence of skin tumors from 34% to 57%. Similarly, Lavik and Baumann (1941,
1943), who administered 3-methylcholanthrene topically to mice found that a basal diet, when supplemented
with 15% fat (shortening), increased the yield of skin tumors from 12% to 83%. Fat was especially effective
when fed 6 to 12 weeks after treatment with a carcinogen. Comparing diets containing 10% corn oil, 10%
coconut oil, or 10% lard for their ability to enhance tumors, these investigators observed a minor effect of
unsaturation: the incidence of tumors at 5 months was 33% (for control diets), 61% (for added lard diets), 66%
(for added coconut oil diets), and 76% (for added corn oil diets).

Mammary Tumors

Tannenbaum (1942) demonstrated that dietary fat enhanced the development of either chemically or
spontaneously induced mammary tumors in mice.

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 84

The incidence of spontaneous tumors was greater when the high fat diets were instituted at 24 weeks of age than
when they were fed beginning at 38 weeks. Tannenbaum and Silverstone (1957) noted that tumor incidence was
greater in obese mice than in normal mice and that caloric restriction inhibited mammary tumorigenesis in
normal mice. This was also observed by Waxler and colleagues, who induced obesity in mice with gold
thioglucose and observed that spontaneous mammary carcinomas developed more quickly in obese mice than in
controls (Waxler, 1954; Waxler etal., 1953). After reducing the weight of the obese mice below that of controls
(which were also treated with gold thioglucose) by limiting their dietary intake, they observed a decrease in
mammary tumors compared to controls. The effects of caloric restriction on reducing the incidence of chemically
induced tumors can be negated by increasing the dose of the carcinogen (King etal., 1949; Tannenbaum and
Silverstone, 1957; White, 1961; White et al., 1944). By feeding mice isocaloric high and low fat diets,
Tannenbaum (1942) provided evidence that fat, rather than calories perse, was responsible for enhancing
tumorigenesis. This observation differed from the findings of Lavik and Baumann (1943), who reported that the
caloric content of the diet had a greater effect than the level of fat on the induction of skin tumors in mice by 3-
methylcholanthrene. These earlier studies have been comprehensively reviewed by Tannenbaum (1959),
Tannenbaum and Silverstone (1957), and Carroll and Khor (1975).

In 1970, Carroll and Khor again pointed out that the level of dietary fat was as important as the amount of
7,12-dimethylbenz[a]anthracene (DMBA) administered to induce breast cancer. They studied the effect of both
high and low doses of the carcinogen fed to rats in corn oil. At the low dose (1 mg), rats fed a 20% corn oil diet
exhibited more tumors and a shorter latent period, but no difference in the number of tumors per tumor-bearing
rat, as compared to rats fed a 0.5% corn oil diet. When the dose of DMBA was increased to 2.5 mg, the high fat
diet increased tumor incidence and the number of tumors, but did not alter the latent period.

The quality or type of lipid was also shown to be an important factor in the induction of breast cancer by
DMBA (Carroll and Khor, 1971). The incidence of tumors at this site was uniformly high with all dietary fats
tested at a level of 20% in the diet, but the number of tumors per group and per tumor-bearing rat was
proportionally greater in the rats fed unsaturated fats. Furthermore, it was apparent that the yield of tumors per
group was also influenced by the level of essential fatty acid--linoleic acid--present in the fat. Groups of rats fed
tallow or coconut oil (which are inadequate sources of linoleate) had significantly fewer tumors than groups fed
polyunsaturated fats (which are adequate sources of linoleate). Because the enhancement of breast tumorigenesis
by high fat diets was observed when the diets were fed after tumor initiation by DMBA, the investigators
concluded that dietary fat exerted its effect during the promotional phase (Carroll, 1980). As the dose of
carcinogen was increased, the promotional effect of high fat diets became stronger. There is a limit to the
promotional effects of dietary fats, however,

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 85

since diets containing fat at levels greater than 20% were no more effective than those containing 20%.

The enhancement of DMBA-induced mammary tumorigenesis in rodents by high fat diets (especially those
containing polyunsaturated fats) has been observed by a number of investigators (Carroll and Khor, 1971;
Hopkins and West, 1976; Ip, 1980; King etal., 1979). More recently, Carroll and coworkers found that saturated
fat was as effective as polyunsaturated fat in enhancing tumorigenesis when a small quantity of polyunsaturated
fat (3% sunflower seed oil) was added to the saturated fat (17% coconut oil) (Carroll, 1975; Carroll and Hopkins,
1979; Hopkins and Carroll, 1979). They also learned that the polyunsaturated fat used must provide sufficient
amounts of essential fatty acids and that the diet must contain high levels of total fat to increase the yield of
breast tumors. Whether these two requirements are interrelated is not certain. But studies in rats have shown that
essential fatty acid metabolism and accumulation of polyunsaturated fat in tissues is influenced by dietary fat
(Mohrhauer and Holman, 1967; Peifer and Holman, 1959).

Providing support for an association between dietary fat and DMBA-induced breast cancer are findings
from studies in rats with the known breast carcinogen NMU. Chan et al. (1977) observed a significant reduction
in the latent period for the development of NMU-induced breast tumors in female Fischer 344 rats fed high fat
diets compared to rats fed low fat diets. However, unlike the studies using the DMBA model of breast
carcinogenesis, high fat diets increased only the incidence and not the multiplicity of NMU-induced breast
tumors.

In a study of the relationship of dietary fat levels to x-ray-induced and NMU-induced mammary
carcinogenesis, Silverman et al. (1980) reported similar effects. The incidence and multiplicity of breast tumors
induced by 350 rads of total body irradiation were increased in Sprague-Dawley rats fed a calorie-controlled,
20% lard diet, compared to rats fed a 5% lard diet. The high fat diet increased the multiplicity of NMU-induced
tumors, but not the incidence.

Both the level and the quality of dietary fat appear to influence the growth rate of DMBA-induced breast
tumors, according to studies by McCay et al. (1980). Rats fed a diet containing a high level of polyunsaturated
fat (20% corn oil) exhibited an average tumor growth rate that was considerably greater than that for rats fed a
diet containing high levels of saturated fat (18% coconut oil and 2% linoleic acid). In animals fed a low fat diet
(2% linoleic acid), the average tumor growth rate was markedly lower than the rates for the other two groups.
Thus, the tumor growth rate appears to be determined in part by the total dietary fat and in part by the
polyunsaturated fat content. Therefore, a given dose of DMBA could produce a similar number of initiated cells
in the mammary gland, independent of the dietary regimen used, and the number of tumors that are palpable
within a fixed time would depend on the growth rate of the initiated clones. Consequently, if a higher level of
total dietary

Copyright © National Academy of Sciences. All rights reserved.
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LIPIDS (FATS AND CHOLESTEROL) 86

fat or of polyunsaturated fat accelerated clonal growth, the number of tumors reaching palpable size within a
fixed time would be greater.

Growth of transplantable tumors is also influenced by dietary fat. A transplantable mammary
adenocarcinoma developed much more readily in host mice fed a high level of polyunsaturated fat than in mice
fed an equivalent level of saturated fat (Hopkins and West, 1977). In a study by Abraham and Rao (1976), as
little as 1.0% corn oil added to the diet stimulated the growth of a transplantable mammary tumor in mice. By
using inhibitors of prostaglandin biosynthesis, these investigators concluded that this effect was related to the
level of essential fatty acids, rather than to synthesis of prostaglandin. Pure linoleic acid in the diet at 0.1% was
as effective as 15% corn oil in enhancing the growth of a transplantable mammary adenocarcinoma (Hillyard and
Abraham, 1979). In studies of cell cultures with and without added polyunsaturated fat, Kidwell et al. (1978) and
Wicha etal . (1979) demonstrated that polyunsaturated fat enhanced the growth of both normal and neoplastic
mammary epithelial cells from rats. Corwin et al. (1979) measured the tumorigenicity of Kirsten sarcoma virus-
transformed murine cell line, AK3T3, which was grown in delipidized tissue culture media. Its tumorigenicity
(incidence of tumors following implantation of a constant number of cells) in BALB/c mice was compared to
that in a conventional line of FK3T3 cells maintained in a complete tissue culture medium. Although sarcomas in
general are not responsive to diet, an increase in tumorigenicity was observed with AK3T3 cells as the level of
dietary polyunsaturated fats was increased from 4% to 8%, whereas an opposite effect on tumorigenicity was
noted with the FK3T3 cells. Thus, lipid supply in vitro affected the expression of the transformed phenotype of a
transplantable tumor. This, in turn, altered the response of the tumor to dietary lipids in the host.

Rogers (1975) and Newberne and Zeiger (1978) observed that the effects of a high fat diet on breast
carcinogenesis could be modified when the diet was marginal in lipotrope (choline and methionine) content. In
Sprague-Dawley rats given 2-acetylaminofluorene (AAF) or DMBA to induce breast tumors, the tumor
incidence was lower and death from the tumors occurred later in marginally lipotrope-deficient rats than in
controls.

Hepatic and Pancreatic Cancer

When administered to Fischer rats, which are resistant to breast cancer, AAF induced hepatic carcinomas
(Newberne and Zeiger, 1978). Under these conditions, a high fat diet that was marginally deficient in lipotropes
significantly increased the incidence of hepatic carcinomas, as compared to the incidence in rats fed a high fat
diet with adequate lipotropes. Thus, the effect of marginal lipotrope deficiency on the relationship between
dietary fat and carcinogen-induced tumorigenesis appeared to differ from one target organ to another.

An increase in dietary fat increased the incidence of AAF-induced hepatomas in male rats (Sugai et al.,
1962). Farber (1973) suggested

Copyright © National Academy of Sciences. All rights reserved.
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that chronic feeding of AAF resulted in the cloning of hepatic cells with resistance to AAF toxicity. Hyperplastic
nodules that result from the regenerative activity of such clones ultimately progress to form hepatomas. McCay
etal. (1980) studied the influence of dietary fat in the early stages of hyperplastic nodule formation and during
the later stages of hepatoma development. Hyperplastic nodules formed from AAF more frequently and the
latent period was shorter in rats fed a low fat diet (2% linoleic acid) than in rats fed diets with high saturated fat
(18% coconut oil and 2% linoleic acid) or with a high polyunsaturated fat content (20% corn oil). In contrast,
there was a 100% incidence of hepatomas in the rats fed the high polyunsaturated fat diet, a 20% incidence in
those fed the low fat diet, and high mortality among those fed the high saturated fat diet because of the excessive
toxicity of AAF under these conditions. These studies illustrate the differing effects of dietary fat upon the
various stages of hepatoma development.

Dietary lipids also modify aflatoxin-B;-induced liver tumors in rats (Newberne etal., 1979). When beef fat
was fed to rats, the number of tumors induced was the same, regardless of whether the beef fat was fed only after
induction (51%) or both before and after induction (53%). Feeding of polyunsaturated fat (corn oil) before and
after induction resulted in a 100% tumor yield, but when the oil was fed only after tumor induction, the yield was
66%. The authors concluded that unsaturated fats increase the tumor yield more effectively than do saturated
fats, but that this effect may occur during the initiation or early promotional phase of hepatic carcinogenesis.

Dietary fat may modify the incidence of pancreatic adenocarcinomas induced in rats by azaserine
(Longnecker etal ., 1981; Roebuck et al., 1981). In Lewis rats fed diets containing either 20% corn oil or 20%
safflower oil, the number of pancreatic neoplasms was higher than in animals fed the same percentage of
saturated fat. The animals fed the control diet (5% corn oil) and treated with azaserine exhibited the same
incidence and numbers of pancreatic neoplasms as did animals fed an 18% saturated fat diet. Compared to
controls, there was a marked increase in hepatocellular carcinomas in rats given azaserine but maintained on a
lipotrope-deficient diet.

Intestinal Cancer

A variety of compounds that are carcinogenic in the bowel have been used in a number of animal models to
study the effect of dietary fat on tumorigenesis at that site. Nigro etal. (1975) demonstrated that Sprague-Dawley
rats treated with AOM developed more intestinal tumors and more metastatic lesions when fed a diet containing
35% beef fat than when fed regular chow. Since the caloric density of the beef fat diet was significantly greater
than that of the laboratory chow, it is difficult to sort out the effect of calories from that of fat on tumorigenesis.
Nevertheless, the report provided a model for studying diet-responsive intestinal tumorigenesis.

Copyright © National Academy of Sciences. All rights reserved.
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Reddy etal. (1974) used DMH to induce tumors of the colon (and, to a lesser extent, small intestine) in rats
fed 5% or 20% lard or corn oil diets. Rats fed the 5% corn oil diets had a greater tumor incidence and higher
average number of tumors per animal than those fed the 5% lard diet. Tumor incidence and multiplicity
increased with the higher levels of dietary fat. However, rats fed the 20% fat diets exhibited essentially the same
incidence and multiplicity of tumors whether the fat was polyunsaturated or saturated. In a repeat study with
animals maintained on these diets for two generations before tumor induction with DMH, findings were
essentially the same (Reddy etal., 1977a). Measurements indicated that there were no differences in the
quantities of diet consumed daily among all the dietary groups. Since the caloric density of low and high fat diets
differed, rats eating the high fat diets consumed, in addition to more fat, approximately 20% more calories.

In a study by Broitman etal . (1977), atherogenic diets containing 5% or 20% coconut oil were fed to rats
given DMH to induce tumors of the bowel. These investigators also observed that rats fed the 20% saturated fat
diet had a greater incidence and multiplicity of tumors than those fed the 5% saturated fat diet. However, they
pointed out that rats fed the low fat diet consumed fewer calories, gained much less weight, and thus received
less of the carcinogen than did rats fed the high fat diets.

Studies with a number of strains of rats and various carcinogens have illustrated that intestinal
tumorigenesis is enhanced as the quantity of dietary fat is increased. Bansal etal. (1978), using Wistar Furth rats
and DMH for tumor induction, noted that rats fed 30% lard developed more large bowel tumors than did those
fed a low fat standard diet. To induce colon tumorigenesis in Fischer 344 rats, Reddy and associates (1977b,
1980) administered DMH or methylazoxymethanol (MAM) acetate systemically on a weight basis or gave the
animals constant intrarectal doses of 2',3-dimethyl-4-aminobiphenyl (DMAB) or NMU. These investigators
demonstrated that the tumor incidence in rats fed 20% beef fat was greater than that in those fed 5% beef fat,
irrespective of the carcinogen used to induce the intestinal tumors. Since the routes of metabolic activation for
some of these carcinogens differ, it is more likely that the effects of increased levels of dietary fat were
manifested following activation of the carcinogen, rather than during the various steps leading to activation.

Promoting effects of dietary fat were suggested by studies in which high fat diets increased the frequency of
small and large bowel tumors when fed to rats after administration of AOM but not before or during
administration of the carcinogen (Bull etal., 1979). The high fat diet (30% beef fat) used in these studies had a
caloric density that was approximately 34% greater than the low fat diet (5% beef fat), and was considered by the
authors to be responsible for the differences in weight gains between groups fed the high and low fat diets.

Copyright © National Academy of Sciences. All rights reserved.
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Cruse etal. (1978) suggested that dietary cholesterol may be cocarcinogenic. Rats given DMH and fed a diet
of liquid Vivonex (an amino acid hydrolysate) with added cholesterol had shorter lifespans, decreased time to
tumor appearance, and more colonic tumors per rat than did the animals fed Vivonex alone. Because these
dietary regimens are so different from those consumed by humans, the applicability of these findings to human
health is not clear.

Broitman et al. (1977) studied effects of serum cholesterol levels on DMH-induced tumorigenesis in the
bowel. Sprague-Dawley rats were fed isocaloric cholesterol-containing diets supplemented with either 20%
coconut oil to promote hypercholesterolemia and vascular lipidosis or 20% safflower oil to maintain lower serum
cholesterol levels and, presumably, to shunt cholesterol through the gut. Rats fed the 20% polyunsaturated fat
diet experienced less vascular lipidosis but developed more bowel tumors than did rats fed the saturated fat diet.
It could not be ascertained from these studies whether the enhanced bowel tumorigenesis was due to the
polyunsaturated fat per se or whether the effects were related to its hypocholesterolemic action. Reddy and
Watanabe (1979) observed that the intrarectal administration of cholesterol, cholesterol-5,6-epoxide, or
cholestane-3,5,6-triol did not exert or lead to any tumor-promoting activity in rats given MNNG to induce bowel
tumors.

The number of DMH-induced intestinal tumors was greater in rats fed diets marginally deficient in the
lipotropes choline and methionine than in rats fed high fat diets with adequate amounts of lipotropes (Rogers and
Newberne, 1973).

To date, an active carcinogen derived from bile acids has not been isolated from human or animal feces.
The proposed mechanisms for the action of bile acids on bowel tumorigenesis are discussed earlier in this chapter.

SUMMARY

Epidemiological Evidence

Fats. There is some epidemiological evidence for an association between dietary fat and cancer at a number
of sites, but most of the evidence pertains to three sites: the breast, the prostate, and the large bowel. In various
populations, both the high incidence of and mortality from breast cancer have been shown to correlate strongly
with higher per capita fat intake; the few case-control studies conducted have also shown this association with
dietary fat. Like breast cancer, increased risk of large bowel cancer has been associated with higher fat intake in
both correlation and case-control studies. The data on prostate cancer are more limited, but they too suggest that
an increased risk is related to high levels of dietary fat. In general, it is not possible to identify specific
components of fat as being clearly responsible for the observed effects, although total fat and saturated fat have
been associated most frequently.

Copyright © National Academy of Sciences. All rights reserved.
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The epidemiological data are not entirely consistent. For example, the magnitude of the association of fat
with breast cancer appears greater in the correlation data than in the case-control data. This may reflect the fact
that recent dietary intake was assessed in the case-control studies, whereas dietary patterns much earlier in life
may have had a greater influence on breast cancer risk. Furthermore, some studies of large bowel cancer did not
show an association with dietary fat, possibly because they either focused on relatively homogeneous
populations or were not specifically designed to test the hypothesis that fat intake is associated with cancer.
Indeed, the studies designed specifically to test this hypothesis tended to show the most striking direct
correlations, especially when the possible confounding effects of dietary fiber were taken into consideration.

Cholesterol. The relationship between dietary cholesterol and cancer in humans is not yet clear. Many
studies of serum cholesterol levels and cancer mortality have indicated that there is an inverse association with
colon cancer in males, but the evidence is inconsistent and is not sufficient to establish a causal relationship.
Furthermore, other explanations for the observations are possible. For example, low serum levels could be the
result rather than the cause of the cancer.

Relationship of Fecal Steroid Excretion to Bowel Carcinogenesis

In most reports on the association of dietary fat and bowel carcinogenesis, it is generally assumed that
dietary fat acts as a promoter. To date, this effect has been examined in only one report, which suggested that
high lipid diets may promote bowel tumorigenesis. High fat diets increased tumor yields more effectively than
low fat diets when fed after the administration of a bowel carcinogen but not before. It is not clear if the effects
observed were related to consumption of lipids or calories.

Increasing the quantity of dietary fat fed to rats increases the total quantity of bile acids and neutral sterols
excreted in the feces. There is no evidence that bile acids or neutral sterols perse can be converted invivo to
carcinogens or cocarcinogens by the fecal flora under any dietary conditions.

Regardless of the carcinogen used to initiate bowel tumors, exposures of the colonic lumen to a direct flow
of bile, resin-bound salts, or direct intrarectal instillation of bile salts have been consistently associated with a
higher number of tumors than in control animals.

Colonic tissue damage may result from exposure to the abnormally high quantities and/or concentrations of
bile salts used in these studies. Thus, it is not possible to determine whether the enhancing effect of bile salts on
colon tumorigenesis is promotion or the result of nonspecific tissue injury.

Copyright © National Academy of Sciences. All rights reserved.
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Although most of the data suggest that dietary fat has promoting activity, there is little or no knowledge
concerning the specific mechanisms involved in tumor promotion. Furthermore, there is not enough evidence to
warrant the complete exclusion of an effect on initiation.

Experimental Evidence

Mammary Tumors. In studies of breast cancer, the influence of lipid nutriture on tumorigenesis follows a
consistent pattern, regardless of whether the tumors are chemically induced, occur spontaneously, or result from
tumor cell implantation.

Increasing the level of dietary fat from 5% to 20% increases the yield and/or incidence of chemically
induced breast tumors, depending on the carcinogen used. Breast tumorigenesis is enhanced when high fat diets
are fed after, but not before, tumor initiation. This is consistent with the concept that dietary fat exerts a
promoting effect on tumorigenesis rather than an effect at the initiation stage. At low doses of the carcinogen,
high fat diets decrease the latent period and increase tumor incidence. At high doses of carcinogen, high fat diets
increase the incidence and numbers of tumors, but have no effect on latency.

In a few studies using isocaloric diets, various levels of dietary fat have been administered. It is possible
that enhanced tumorigenesis, associated with increasing levels of dietary fat, may be related to a nonspecific
increase in caloric intake. Mammary tumorigenesis is enhanced by obesity and is inhibited by restriction of total
food intake.

Diets containing 20% polyunsaturated fat enhance tumorigenesis more effectively than saturated fat,
provided that it serves as an adequate source of essential fatty acids. Supplementation of a high saturated fat diet
with 3% polyunsaturated fat provides the same tumor-enhancing effects as a 20% polyunsaturated fat diet. Thus,
the possible promoting effects of high-lipid diets on breast carcinogenesis depend upon the total quantity of fat in
the diet (with the maximum effect achieved at 20%) and sufficient polyunsaturated fat to serve as an adequate
source of essential fatty acids. Lipid requirements for enhanced growth of transplantable breast adenocarcinomas
are essentially the same as those described above. Limited data on normal and neoplastic rat mammary epithelial
cells in cell culture also indicate that essential fatty acids are required for maximal cell growth.

Hepatic and Pancreatic Cancer. Increasing dietary lipids increases the incidence of carcinogen-induced
hepatomas. Differing effects of the quality and quantity of dietary fat depend upon the stage of hepatoma
development at the time of exposure. Hepatic tumorigenesis, unlike breast carcinogenesis, is enhanced by
lipotrope deficiency. Limited data

Copyright © National Academy of Sciences. All rights reserved.
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indicate that the tumor yield of hepatomas and pancreatic neoplasms is increased more effectively by
polyunsaturated fat than by saturated fat.

Intestinal Cancer. Increasing the quantity of dietary fat (generally from 5% to 20%) increases the incidence
and yield of bowel tumors induced by a variety of carcinogens, including DMH, AOM, MAM acetate, DMAB,
MNNG, and NMU. Data on the association of dietary lipids and tumorigenesis are more consistent for the large
bowel than for the small intestine. Studies comparing the effects of high and low dietary fat on tumorigenesis in
the bowel rarely used isocaloric diets or pair-feeding studies. Consequently, it is equally possible that the tumor-
enhancing effect of high fat diets at this site may be related to increased consumption of calories. At dietary fat
levels of 5%, polyunsaturated fat appears to have a greater tumor-enhancing effect than does the equivalent level
of saturated fat. At 20% dietary fat levels, there is no clear difference between the effects of polyunsaturated fat
and saturated fat on bowel tumorigenesis.

General Summation of Experimental Evidence . In summary, numerous experiments on animals have
shown that dietary lipid influences tumorigenesis in the breast and the colon. Its effects on the liver and the
pancreas have been studied in a few experiments. An increase in total dietary fat from 5% to 20% of the weight
of the diet (i.e., approximately 10% to 40% of total calories) is associated with a higher tumor incidence in each
of these tissues; conversely, animals consuming low fat diets have a lower tumor incidence. When total fat intake
is low, polyununsaturated fats appear to be more effective than saturated fat in enhancing tumorigenesis;
however, the effect of polyunsaturated fats becomes less prominent as total dietary fat is increased to 20% of the
diet. Dietary fat appears to affect tumor promotion rather than tumor initiation, although an effect on initiation
cannot be excluded. The specific mechanism involved in tumor promotion is not known, although some evidence
suggests that colon cancer is associated with enhanced secretion of certain bile steroids and bile acids.

Experimental data on cholesterol and cancer risk are too limited to permit any inferences to be drawn.

CONCLUSIONS!

The committee concluded that of all the dietary components it studied, the combined epidemiological and
experimental evidence is most

IThe Committee on Diet, Nutrition, and Cancer judged the evidence associating high fat intake with increased cancer risk
to be sufficient to recommend that consumption of fat be reduced (see Chapter 1). Two years ago, the Food and Nutrition
Board stated in its report Toward Healthful Diets (National Academy of Sciences, 1980) that “there is no basis for making
recommendations to modify the proportions of these macronutrients [e.g., fat] in the American diet at this time.”

Copyright © National Academy of Sciences. All rights reserved.
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suggestive for a causal relationship between fat intake and the occurrence of cancer. Both epidemiological
studies and experiments in animals provide convincing evidence that increasing the intake of total fat increases
the incidence of cancer at certain sites, particularly the breast and colon, and, conversely, that the risk is lower
with lower intakes of fat. Data from studies in animals suggest that when total fat intake is low, polyunsaturated
fats are more effective than saturated fats in enhancing tumorigenesis, whereas the data on humans do not permit
a clear distinction to be made between the effects of different components of fat. In general, however, the
evidence from epidemiological and laboratory studies is consistent.

Copyright © National Academy of Sciences. All rights reserved.
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6

Protein

Dietary protein has often been associated with cancers of the breast, endometrium, prostate, colorectum,
pancreas, and kidney. However, since the major dietary sources of protein (such as meat) contain a variety of
other nutrients and nonnutritive components, the association of protein with cancer at these sites may not be
direct but, rather, could reflect the action of another constituent concurrently present in protein-rich foods.

EPIDEMIOLOGICAL EVIDENCE

Armstrong and Doll (1975) examined incidence rates for 27 cancers in 23 countries and mortality rates for
14 cancers in 32 countries and correlated them with the per capita intake of a wide range of dietary constituents
and other environmental factors. These investigators reported relationships between many of these variables. For
example, the correlations of total protein and animal protein with total fat were 0.70 and 0.93, respectively,
whereas correlations with the gross national product were 0.32 and 0.65. In a study that analyzed diet histories of
more than 4,000 subjects, Kolonel et al. (1981) observed that the correlation between total protein and total fat
consumption was 0.7.

Breast Cancer

In the study by Armstrong and Doll (1975) mentioned above, per capita intakes of total protein and animal
protein were significantly correlated with the incidence of and mortality from breast cancer. In a similar study,
Knox (1977) compared per capita intakes of individual foods and nutrients with the chief causes of mortality in
20 different countries: Canada, the United States, Japan, and 17 European countries. His results also indicated
that there was a strong correlation between the per capita intake of animal protein and mortality from breast
cancer. Armstrong and Doll (1975) found that there was a stronger association for animal protein than for total
protein, and in both of these studies, the correlations of breast cancer with per capita total fat intake were
generally as strong or stronger than those for animal protein.

Hems (1978) correlated 1970-1971 mortality rates for breast cancer in 41 countries with per capita food
intake for 1964-1966. He found a direct correlation with intake of protein, total fat, and calories from animal
products, independent of other components of the diet. However, time-trend data for breast cancer mortality and
per capita food intake
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in England and Wales supported the association with fat more strongly than the association with protein (Hems,
1980). Gray et _al. (1979) analyzed international incidence and mortality rates for breast cancer in relation to per
capita intake of animal protein. They found a direct correlation, even after controlling for height, weight, and age
at menarche.

Gaskill et al. (1979) examined age-adjusted breast cancer mortality in relation to per capita intake for
certain foods by state within the United States. Although they found a direct correlation between breast cancer
mortality and per capita protein intake, this finding was not statistically significant after controlling for age at
first marriage (as an indicator of age at first pregnancy). Kolonel et al. (1981) found a direct correlation between
consumption of animal protein and the incidence of breast cancer in five different ethnic groups in Hawaii based
on diet histories obtained by interview.

Of three case-control studies of diet and breast cancer, significant direct associations with dietary fat only
were found in two (Miller et al., 1978; Phillips, 1975), whereas direct associations with both animal fat and
protein were found in the third (Lubin et al., 1981).

Large Bowel Cancer

Gregor et al. (1969) reported a direct correlation between per capita intake of animal protein and mortality
from intestinal cancer in 28 countries. Armstrong and Doll (1975) observed that per capita intake of total protein,
animal protein, and total fat were all strongly correlated with the incidence of and mortality from colon and
rectal cancer for both sexes. Their findings for cancer at these sites were similar to those for breast cancer (i.e.,
there were stronger correlations for total fat and for animal protein than for total protein). These authors also
reported a strong association between the intake of eggs and cancer of the colon and rectum. This association
was greater than that for total protein. In contrast to these direct correlations, Bingham et al. (1979) found no
significant association for intakes of animal protein in a study correlating the average intakes of foods, nutrients,
and fiber in different regions of Great Britian with the regional pattern of mortality from colon and rectal cancers.

Jain et al. (1980) reported the only case-control study of large bowel cancer in which protein was
specifically examined. Although these investigators found a direct association between consumption of high
levels of protein and risk of both colon and rectal cancer, they found a stronger association for saturated fat.

The relationship of meat intake to risk of colorectal cancer has been examined in a number of studies, but
protein intake perse was not
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estimated in most of them. However, because meat is a major source of protein in the Western diet, findings in
these studies may reflect associations with protein. Berg and Howell (1974) and Howell (1975) correlated
international mortality rates for colon cancer with per capita intake data and found the strongest correlations for
meat, especially beef. In a study by Armstrong and Doll (1975), the correlations were stronger for meat than for
total protein and animal protein. In studies of the relationship between certain foods and cancer of the large
intestine, Knox (1977) reported the strongest correlations for eggs, followed by beef, sugar, beer, and pork. In
contrast, time-trend data for per capita beef intake and colorectal cancer incidence and mortality in the United
States showed no clear association (Enstrom, 1975).

Haenszel et al. (1973) studied cases of large bowel cancer and hospital controls among Japanese in Hawaii.
They found an association between cancer at this site and consumption of legumes, starches, and meats. The
association was strongest for beef. A similar study among Japanese in Japan (Haenszel et al., 1980) did not
reproduce these findings, nor did parallel case-control studies conducted in Norway and Minnesota (Bjelke,
1978) and at the Roswell Park Memorial Institute (Graham _et al., 1978). All four of these case-control studies
relied solely on frequency of consumption data for their assessments of dietary intake.

A somewhat contradictory observation was reported by Hirayama (1981), whose large-scale cohort study in
Japan indicated that there was a decrease in overall risk for cancer, including intestinal cancer, in association
with daily intake of meat.

Pancreatic Cancer

Lea (1967) examined the relationship between per capita intake of foods and nutrients and cancer mortality
resulting from up to 22 different types of neoplasms in each of 33 countries. One of the findings was a strong
direct correlation between intake of animal protein and pancreatic cancer. This result was reproduced by
Armstrong and Doll (1975). No case-control or cohort studies have confirmed this association specifically;
however, a study of pancreatic cancer cases and controls in Japan (Ishii et al., 1968), based on responses to a
mailed questionnaire completed mostly by relatives of deceased cases, showed an association of the disease with
consumption of high-meat diets by men. Hirayama (1977) reported a relative risk of 2.5 for daily meat intake and
pancreatic cancer incidence in Japan in a cohort of 265,118 subjects followed prospectively. Since meat is a
major source of protein in the diet, these findings offer tentative support for the results of correlation studies.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

(0]
(2]
©
o
o
.
(0]
©
(0]
(2]
£
>
T
g
C
[0
o
Q
[&]
[v]
c
(0]
[0
Ke]
[0
>
©
c
>
(0]
€
[2]
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
Z
[0
£
(o]
(1)
o
C
©
=l
[0
£
©
T
(0]
o
[0}
Ke)
=
[e]
c
C
(]
o
2
[0
>
[
2
o
N
-
C
=
(]
€
£
o]
S
ge)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(7]
[0
o
>
Z
-
(0]
L
<
(o]
ie)
C
©
@
2
>
=
2]
()]
£
©
©
[0
Ny
g
x
[43]
(0]
o
o
©
o
o
2
;
L
=
[®)]
c
K9]
[0
£
)
£
o
2
o
(0]
L
=
[e]
ie

o
iel
=
>3
2
=
=]
©
=
<}
Rel
c
kel
7]
&2
o
>
[
=
=
©
8
=
e}
<
=
>
®©
©
<
£
(2]
©
o
hel
=
T
o
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

PROTEIN 109

Other Cancers

Armstrong and Doll (1975) found a strong correlation (correlation coefficient = 0.8) between animal protein
and the incidence of renal cancer. However, in a subsequent case-control study, Armstrong etal. (1976) found no
clear association between renal cancer and consumption frequencies for several foods containing animal protein
(e.g., meat, poultry, seafood, eggs, milk, and cheese).

The incidence of prostate cancer was significantly correlated with consumption of total and animal protein
in the study by Kolonel et _al. (1981), whereas mortality from, but not the incidence of, prostate cancer was
similarly correlated in the study by Armstrong and Doll (1975). As noted in Chapter 5, Hirayama (1977)
reported a sharp increase in the intake of animal protein in Japan since 1950. During this period, the incidence of
prostate cancer in that country increased correspondingly. The intake of meat, especially beef, has also been
correlated with mortality from prostate cancer (Armstrong and Doll, 1975; Howell, 1974).

The incidence of endometrial cancer has also been significantly correlated with the intake of total protein
(Armstrong and Doll, 1975; Kolonel et al., 1981). This finding may simply reflect the high correlation between
the occurrence of endometrial cancer and breast cancer, since the latter has also been associated with protein
intake (see Chapter 16). No case-control studies have been conducted to examine this association.

EXPERIMENTAL EVIDENCE

There is much less literature on results of laboratory studies to determine the relationship between cancer
and dietary protein than has been published for certain other nutrients (e.g., fat). However, an inhibitory effect of
selected amino acid deficiencies on tumor responses in laboratory animals was claimed as early as 1936
(Voegtlin and Maver, 1936; Voegtlin and Thompson, 1936). During the subsequent 30 years, further studies
concentrated primarily on the effect of protein intake on experimental animal models. From the end of that
period to the present, attention became increasingly focused on epidemiological studies.

In general, animals fed minimum amounts of protein required for optimum growth have developed fewer
tumors than comparable groups fed 2 to 3 times the minimum requirements. Unfortunately, a number of these
earlier studies in animals are difficult to interpret for several reasons: several factors were being varied at the
same time (Engel and Copeland, 1952a; Gilbert et al., 1958; Ross and Bras, 1965); dietary levels of the
carcinogen were different in the high and low dietary protein groups (Harris, 1947); the total intake of food was
less for animals fed very high levels of protein (Gilbert et al ., 1958;
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Tannenbaum and Silverstone, 1949), and tumor growth is known to be inhibited at lower food (and lower
calorie) intake (Ross et al., 1970; Tannenbaum, 1945a,b); and a high dietary level of fat, which may have a
tumor-enhancing effect, was present in the experimental diet (Ross and Bras, 1973). Nonetheless, several of the
earlier reports have provided useful information either because they were well controlled or because they have
been confirmed by other studies.

When considering the effect of dietary protein, it is important to determine whether such an effect is
specific for a particular amino acid or is a general effect of protein. In a well-controlled study, Silverstone and
Tannenbaum (1951) reported that the spontaneous hepatomas in C3H mice were less frequent (measured as
percent of tumor-bearing animals) in animals fed a 9% casein diet than in animals fed 18% or 45% casein diets.
No significant difference in hepatomas was observed for the latter two dietary groups. All three diets were
isocaloric and were fed to the mice at equivalent time intervals. In additional experiments, this effect of protein
was still marked when the animals were fed diets that maintained their individual body weights. Therefore, the
investigators concluded that the effect of protein was neither confounded with total food or caloric intake nor
related to the change in body weight. Adding 9% gelatin to the 9% casein diet had little effect, whereas
supplementation of that diet with methionine and cystine (which is present in relatively low levels in gelatin)
increased the incidence of hepatomas to the level observed for the mice fed the 18% casein diet. Therefore, it is
the excess of total protein or its adequacy as indicated by amino acid balance that generates the increased tumor
response. The addition of gelatin may have resulted in extra total protein, but it did not compensate for the
growth-limiting sulfur amino acids. In one experiment, the effects of an animal protein (casein) and a plant
protein (isolated soy protein) were compared, but no significant difference in tumor incidence was noted
(Carroll, 1975).

In earlier studies, Larsen and Heston (1945) found that cystine added to a low casein diet given to Strain A
male mice increased the incidence of spontaneous pulmonary tumors from 28% to 54%. White and Andervont
(1943) observed that female C3H mice fed a cystine-deficient casein diet exhibited no mammary gland tumors
after 22 months, but almost all the animals quickly developed tumors after their diets were supplemented with
cystine. Similarly, White and White (1944) observed that mammary tumors occurred in only 25% of C3H mice
fed a lysine-deficient gliadin diet but in nearly all of the mice when the diet was supplemented with lysine. White
et al. (1947) later showed that only cystine (but not lysine and tryptophan) was able to enhance the incidence of
3-methylcholanthrene-induced leukemia in casein-fed mice. Thus, it appears that tumor enhancement by dietary
protein occurs only when there is amino acid balance, suggesting that the effect is not due to specific amino acids
or to amino acid imbalance.

Copyright © National Academy of Sciences. All rights reserved.
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The effect of dietary protein on tumor incidence has been observed both with and without pretreatment with
chemical carcinogens. That is, both “spontaneous” and chemically induced tumor responses may be influenced
by the level of dietary protein. These two kinds of responses may not be distinct, since certain so-called
spontaneous tumors may be related to the prior ingestion of, or other exposure to, some unknown initiator of
carcinogenicity. For example, Newberne et al. (1966) speculated that the occasional high incidence of liver
tumors observed in earlier studies may have been caused by aflatoxin contamination of peanut meal fed to
animals. Because it is now known that corn products may be similarly contaminated, results of earlier studies
using degerminated corn grit diets should also be reevaluated, especially when an unexpectedly high incidence of
liver tumors has been observed, as in the study of Engel and Copeland (1951). Similarly, the appearance of some
presumably spontaneous tumors may be due to the very potent mutagens produced in heated or cooked foods
(Sugimura, 1979).

Spontaneous Tumors

Ross and coworkers conducted extensive studies with large numbers of rats in order to examine the effects
of diet on mortality patterns and lifespan (Ross and Bras, 1965, 1973; Ross et al., 1970). They focused on the
influence of total food, caloric, and protein intake on the appearance of a variety of tumors of unknown etiology.
The total incidence of various types of tumors was directly related to the intake of calories, and the tumors
appeared sooner when the caloric intake was high (Ross and Bras, 1965).

Because the rats developed many types of tumors, the investigators could not compare the effect of diet on
specific types of tumors. The highest number of any tumor type for any one diet was 11--the number of
fibrosarcomas observed among the 210 animals in the 30% casein diet group. The authors did note, however,
that in two groups with identical caloric intake, there were more tumors in the group with the higher protein
intake. In these studies, only two of the four treatment groups differed in only one dietary variable--the ratio of
casein to sucrose. The diet with the higher ratio contained 30% casein; the one with the lower ratio contained 8%
casein. All other comparisons among the treatment groups were confounded by two or more simultaneous
variables.

In a later study, Ross et al. (1970) reported that the prevalence of chromophobe adenomas of the anterior
pituitary gland of male rats was directly related to the level of dietary protein (10%, 22%, or 51% casein).
However, the tumor prevalence was 2.4% or less in each treatment group, which would seem to invalidate any
such conclusion. Moreover, the simple composition of the diet used in these studies is now believed to be
inadequate for studies of this type (Anonymous, 1977). In their most recent study, Ross and Bras (1973)
examined the effect of

Copyright © National Academy of Sciences. All rights reserved.
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10%, 22%, and 51% casein on the development of 58 types of tumors, none of which involved more than 10% of
the rats. They found that protein had no effect on animals fed ad libitum, but that there were fewer tumor-bearing
animals in groups fed the lower protein diets if the daily food intake was restricted to 6 g.

In addition to the studies by Silverstone and Tannenbaum (1951) and White and Andervont (1943)
described above, other reports that dietary protein affects "spontaneous" tumors are those of Slonaker (1931),
White and White (1944), and Tannenbaum and Silverstone (1949). Although Ross and Bras (1973) have
interpreted the work of Slonaker (1931) as having demonstrated an inverse relationship between protein intake
and tumor incidence (mammary gland and ovarian tumors in female rats and skin tumors in male rats), further
inspection of Slonaker's report is necessary. Slonaker (1931) stated that the diets contained 10%, 14%, 18%,
22%, and 26% protein, but he did not describe the composition of the diets. Moreover, the numbers of tumor-
bearing female animals were 5/20, 6/19, 5/17, 2/16, and 4/21 for the low to high protein groups, and the author,
without providing histological evidence, concluded that the tumors “became cancer-like in appearance.” For the
males, skin cancers were found in 1/22, 1/21, 1/17, 0/14, and 0/13 animals for the low to high protein groups.
Therefore, no firm conclusions can be drawn concerning the association of protein intake with tumor appearance.

Tannenbaum and Silverstone (1949) described a study in which diets containing from 9% to 45% protein
were fed ad libitum to an inbred strain of mice. The incidence of spontaneous hepatomas in the animals fed 9%
casein diets was 11/44; in the animals fed 18% casein diets, it was 28/46. However, no significant effect on
either the incidence or the average time of appearance was observed for the spontaneous mammary tumors.

Chemically Induced Tumors

More studies have been conducted to determine the relationship of dietary protein to chemically induced
tumors than to spontaneous tumors.

When aflatoxin is fed with varying levels of protein, the incidence of liver tumors is depressed at lower
protein intakes. Madhavan and Gopalan (1968) intubated weanling or young rats with aflatoxin and then fed
them either 5% or 20% casein diets for 1 year. They observed that the incidence of hepatomas in the two groups
was 0/12 and 15/30, respectively. These data summarize results from experiments that used different protocols.
Wells et al. (1976) fed diets containing 8%, 22%, or 30% casein with 1.7 mg/kg aflatoxin B; (AFB;) to male
weanling rats for 3 months, then the same diets without AFB, for as long as 1 year. Hepatomas were found in
0/16, 6/9, and 8/10 rats, respectively. This finding confirmed the results

Copyright © National Academy of Sciences. All rights reserved.
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of Madhavan and Gopalan (1968). Similarly, Temcharoen et al. (1978) fed male rats an equal mixture of
aflatoxin B; and G; along with diets containing either 5% casein or 20% casein for 33 weeks. They found 4/47
hepatoma-bearing animals in the low protein group and 7/49 in the higher protein group, which is not in accord
with their conclusion that “in animals fed a low-protein diet, aflatoxin induced extensive . . . carcinogenic
effects.” In contrast to the incidence of hepatomas, the incidence of cystic lesions, cholangiofibrosis, cirrhosis,
and hyperplastic nodules was higher among the animals fed the low protein diets. This appears to be in
agreement with the observations of other investigators that the effect of the level of dietary protein on aflatoxin-
induced hepatotoxicity is the opposite of its effect on aflatoxin-induced carcinogenesis (Madhavan and Gopalan,
1965, 1968).

The effect of dietary protein on the emergence of precancerous lesions is not clear from these studies.
Madhavan and Gopalan (1968) reported fewer “prencoplastic lesions” in the animals fed the low protein diet.
But Temcharoen et al. (1978) observed more “hyperplastic nodules” and other esions in the low protein groups,
suggesting that their study might have been confounded by the simultaneous appearance of toxic and
carcinogenic lesions. Madhavan and Gopalan (1968) administered aflatoxin early in their studies and then
discontinued further administration; Temcharoen et al. (1978) appeared to have administered the toxin
throughout the study, although this was not explicitly stated. Part of the confusion about the association of low
protein intake and the hepatocarcinogenicity of aflatoxin results from the use of the terms hepatotoxicity and
hepatocarcinogenesis. These effects are different, and have been used without definition in some reports. Each of
the studies cited above (i.e., Madhavan and Gopalan, 1968; Temcharoen et al., 1978; Wells et al., 1976) is
singularly inconclusive, but collectively they support the hypothesis that a high protein diet enhances aflatoxin-
induced hepatocarcinogenesis.

Morris et al. (1948) found that more tumors of a greater variety appeared in rats treated with N -acetyl-2-
aminofluorene (2-AAF) and fed synthetic diets containing 18% and 24% casein than in similarly treated animals
fed diets containing 12% casein. Engel and Copeland (1952b) observed that dietary protein did not affect 2-AAF-
induced tumors in rats fed ad libitum with diets containing 9% to 27% casein. There was, however, a highly
significant reduction in the incidence of mammary tumors in rats fed diets containing 40% to 60% casein. When
the 9% and 60% protein diets were pair-fed, i.e., fed to two matched groups, the incidence of mammary tumors
was 80% and 12%, respectively. Ad libitum feeding of the 60% protein diet, however, overcame some of the
inhibition (77% incidence), indicating inhibition of tumorigenesis by very high protein diets can be overcome by
increasing food intake. Harris (1947) concluded that protein had no effect on carcinogenesis induced either by 2-
AAF or by aminofluorene (AF), which was applied to the

Copyright © National Academy of Sciences. All rights reserved.
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skin. In the 2-A AF-treated rats, reduction in the total incidence of tumors from 65% to 45% in males and from
80% to 70% in females resulted from a modest reduction in dietary casein from 20% to 13%. In animals
receiving the low protein diet, the incidence of liver tumors was depressed from 50% to 30% in males and from
20% to 0 in females.

Walters and Roe (1964) injected mice within 24 hours of birth with 9,10-dimethyl-1,2-benzanthracene
(DMBA) and then fed them diets containing either 25% or between 10% and 15% casein. The animals fed the
higher level of casein developed significantly more lung tumors. In contrast, other reports showed that a
reduction of the protein content of the diet enhanced the formation of DMBA-induced hepatomas (Elson, 1958;
Miller et al., 1941; Silverstone, 1948) and mammary tumors (Clinton et al., 1979) in rats. Clinton et al. (1979)
studied the effect of dietary protein levels on the incidence of DMBA-induced mammary tumors in rats and
observed that the effect of protein depended on whether the dietary treatment occurred before or after the
administration of the carcinogen.

Topping and Visek (1976) studied the effect of dietary protein on the induction of adenocarcinomas of the
small and large intestines of rats by 1,2-dimethylhydrazine. They observed that the tumors were larger and more
numerous in the rats fed diets containing 15% and 22.5% protein than in those given 7.5% protein diets.
Moreover, the 22.5% protein diets also caused an earlier appearance of keratin-producing papillomas of the
sebaceous glands of the external ear.

Shay et al. (1964) studied the effect of dietary protein on tumorigenesis induced by 3-methylcholanthrene.
They observed an increase in mammary adenocarcinomas in pretreated rats fed high levels of protein (27% to
64% casein). In an earlier study, White et al. (1947) reported that a high protein diet enhanced 3-
methylcholanthrene-induced leukemia in mice.

Extensive studies have been undertaken to determine the mechanism by which dietary protein alters AFB1-
induced tumorigenesis. A low protein intake depresses the mixed-function oxygenase (Mgbodile and Campbell,
1972) responsible for AFB1 metabolism as well as the in vivo formation of AFB ;-DNA covalent adducts
(Preston et al., 1976). Although Campbell (1979) suggested that modification of AFB; metabolism was
responsible for the effect of dietary protein on AFB; tumorigenicity, more recent studies indicate that the effect
of dietary protein on events occurring after initiation may be more important. For example, the development of y-
glutamyl transpeptidase hepatocelluular foci, which is an excellent early indicator of hepatocarcinogenesis
(Tsuda et al., 1980), is greatly depressed in rats fed a 5% casein diet compared to rats fed a 20% casein diet, both
given after the administration of AFB | is completed (Appleton and Campbell, 1981). This postinitiation effect
of the low protein diet was even capable of overcoming the potential carcinogenic effects of a higher AFB;-DNA
adduct

Copyright © National Academy of Sciences. All rights reserved.
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level, which had been established by feeding high levels of protein during AFB | administration.

Tumor Transplantation Studies

Low protein diets have also been associated with the general inhibition of the growth of transplanted
tumors. Haley and Williamson (1960) implanted HAD-1 tumors into rats fed a diet with no protein and rats fed a
20% casein control diet. They observed that the resultant tumors were smaller in the no protein diet group.
Earlier, Babson (1954) had found that increasing dietary casein from 0 to 18% increased tumor growth rates in
rats implanted either with the Sarcoma R-1 tumor or the Flexner-Jobling carcinosarcoma. According to Devik
etal. (1950), there was a prolonged inflammatory reaction to the implantation of the Walker carcinosarcoma 256
and incomplete connective tissue encapsulation in animals fed 5% casein diets, compared to animals fed 20%
casein diets.

White and Belkin (1945) studied the effect of low protein diets on the “take” of implanted mammary
carcinoma 15091a. Although the number of takes was higher (16/31) in the protein-deficient group than in the
adequate dietary protein group (10/31), the growth rate at 3 weeks was only 74% of the rate for the higher
protein diet. These tumor implantation studies were later summarized by White (1961).

The mechanism for the inhibition of tumor growth by low protein diets is not known. Jose and Good (1973)
have proposed that the cellular immune response may be involved. This response is enhanced through a
deficiency of blocking serum antibody production at low levels of protein intake.

An Evaluation of the Data from Animal Studies

The relationship of dietary protein to the carcinogenic process does not appear to be straightforward. Levels
of protein ranging from those somewhat below the minimum required for optimum growth (approximately 5% of
the diet) up to those generally consumed by mammals (15% to 20%) have been studied most extensively. In
many studies in animals, diets with low protein (near or below the requirement for optimum growth) have
generally been shown to suppress the carcinogenic process and the subsequent growth and development of
tumors. The only apparent exception to this effect is the increase in DMBA-induced tumor yield in animals fed
low protein diets. Although there is generally a tumor-enhancing effect from 20% to 25% dietary protein, higher
levels appear either to produce no further enhancement or, in fact, to inhibit tumor-igenesis (Appleton and
Campbell, 1981; Engel and Copeland, 1952b; Ross and Bras, 1973; Ross et al., 1970; Saxton et al., 1948;
Tannenbaum and Silverstone, 1949; Topping and Visek, 1976; Wells et al., 1976). It is not clear whether the
general inhibition or the absence of effect on

Copyright © National Academy of Sciences. All rights reserved.
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tumorigenesis at very high levels of dietary protein is due to a reduced intake of food and total calories or
whether it is due to other adverse effects, e.g., renal toxicity due to high levels of protein.

SUMMARY

Epidemiological Evidence

Epidemiological studies have suggested possible associations between high levels of dietary protein and
increased risk of cancers at a number of different sites. However, the literature on protein is much more limited
than the literature concerning fats and cancer. In addition, because of the very high correlation between fat and
protein intake in Western diets, and the more consistent and often stronger association of these cancers with fat
intake, it seems more likely that dietary fat is the more active component. Nevertheless, the evidence does not
completely preclude an independent effect of protein.

Experimental Evidence

In laboratory experiments, the relationship of dietary protein to carcinogenesis appears to depend upon the
level of protein intake. In most studies, carcinogenesis was suppressed by diets containing levels of protein at or
below the minimum required for optimum growth. Chemically induced carcinogenesis appears to be enhanced as
protein intake is increased up to 2 or 3 times the normal requirement; however, higher levels of protein begin to
inhibit carcinogenesis. There is some evidence to suggest that protein may affect the initiation phase of
carcinogenesis and/or the subsequent growth and development of the tumor.

CONCLUSION

Thus, evidence from both epidemiological and laboratory studies suggests that protein intake may be
associated with an increased risk of cancers of certain sites. Because of the relative paucity of data on protein
compared to fat, and the strong correlation between intakes of fat and protein in the Western diet, the committee
is unable to arrive at a firm conclusion about an independent effect of protein.

Copyright © National Academy of Sciences. All rights reserved.
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7

Carbohydrates

In contrast to lipids and protein, which are the other two macronutrients in the diet, very little attention has
been directed toward the study of carbohydrate intake and the occurrence of cancer. The principal carbohydrates
in foods are sugars, starches, and cellulose. Evidence pertaining to sugars and starches is evaluated in this
chapter. The data on cellulose are discussed under dietary fiber (Chapter 8).

EPIDEMIOLOGICAL EVIDENCE

There is little epidemiological evidence to support a role for carbohydrates per se in the etiology of cancer.
Fiber as a separate dietary component is discussed in Chapter 8.

Armstrong and Doll (1975) correlated per capita intake of foods and specific nutrients with cancer
incidence and mortality in 23 and 32 countries, respectively. They found a significant direct correlation between
sugar intake and pancreatic cancer mortality (but not incidence) in women only. They also reported a weak
association between liver cancer incidence and the intake of potatoes--a starch-rich vegetable. There are no
reports of case-control studies that support either of these findings.

Hems (1978) reported a study concerning the relationship of diet and breast cancer among women in 41
countries. He found that a high intake of refined sugar was one of the dietary components associated with
increased incidence of breast cancer. This finding is consistent with findings in laboratory experiments.
However, in an earlier study, Hems and Stuart (1975) found an inverse relationship between breast cancer
incidence and another dietary carbohydrate--starch.

Hakama and Saxén (1967) analyzed age- and sex-adjusted mortality rates for stomach cancer in 16
countries. They found a strong correlation (r = 0.75) with the per capita intake of cereal used as flour from 1934
to 1938. In a study of per capita food intake and cancer risk in 37 countries, Drasar and Irving (1973) observed a
direct correlation between breast cancer and the intake of simple sugars.

In a case-control study of gastric cancer, Modan et al. (1974) observed that high starch foods were
consumed more frequently by cases than by controls. This finding has not been reported in other studies of
gastric cancer. De Jong et al. (1974) studied cases of esophageal cancer and hospital controls in Singapore.
Among their findings was a direct association between consumption of bread and potatoes (major sources of
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dietary carbohydrates) and risk of esophageal cancer. Once again, other investigators who have studied cancer at
this site have not observed a similar association.

EXPERIMENTAL EVIDENCE

There have also been only a few laboratory experiments to study the relationship between carbohydrates
and cancer. These studies have generally been conducted by varying the concentration of the test substance, e.g.,
starch, sucrose, dextrin, or glucose, in a basal diet. Often, little attention has been given to the differences in the
caloric content of the control and experimental diets. Furthermore, the variation in carbohydrate content,
resulting from attempts to “balance” diets on a weight basis, has generally been disregarded. A few recent
studies have focused on the effects of long-term carbohydrate feeding on tumorigenesis.

Sucrose

The effects of long-term (more than 1 year) feeding or systemic administration of sucrose on spontaneously
occurring tumors have been studied in both mice and rats. Roe et al. (1970) fed sucrose to mice at 10% by
weight of the diet (~15 g/kg body weight [bw]), and Friedman et al. (1972) fed rats sucrose at 77% by weight of
the diet (~40 g/kg bw). In neither study was there an increase in the incidence of tumors. Intraperitoneal or
subcutaneous injections of sucrose given over various lengths of time (Nonaka, 1938; Takizawa, 1939; Zarattini,
1940) or systemic administration of 20% sucrose twice weekly for 2 years produced no evidence of
carcinogenesis in either rats or mice (Hueper, 1965).

Hunter et al. (1978a) fed CFLP mice 20% sucrose in the diet for 2 years. The females, but not the males,
exhibited a higher incidence of hepatocellular tumors. Parallel feeding studies by the same investigators in which
20% sucrose diets were fed to male and female Sprague-Dawley (CD) rats for up to 1 year and to male and
female beagle dogs for up to 2 years did not provide any evidence that sucrose contributed to tumorigenesis. This
study has not been repeated.

Hoehn and Carroll (1978) evaluated the effect of dietary carbohydrates on chemically induced tumors in
rats. After breast tumors were induced with 7,12-dimethylbenz[ a]anthracene, rats were fed diets containing
either refined sugar or complex starches. Significantly more breast tumors were observed in rats fed refined
sugar than in those fed starch.

Much more experimental work is required before a conclusion can be drawn about the relationship between
sucrose and carcinogenesis.
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Lactose

Gershoff and McGandy (1981) studied the interaction of dietary lactose (49%) or sucrose (43%-55% total
weight) with vitamin A deficiency in the production of primary urinary bladder calculi in male Charles River
rats. A small percentage of rats fed lactose in a diet with sufficient vitamin A developed vesicle stones.
Approximately 60% of the rats fed lactose in vitamin-A-deficient diets developed bladder calculi. The bladder
walls in most of the affected rats were grossly hypertrophic and had focal areas of transitional cell hyperplasia.
Histological changes consistent with grade I to II transitional cell carcinomas were observed in approximately
30% of the stone-containing bladders. It was not possible to discern whether the deficiency of vitamin A
contributed directly to bladder tumors or indirectly via stone formation and subsequent physical irritation of the
bladder. Sucrose-fed rats with or without super-imposed vitamin A deficiency did not exhibit calculi or
histological changes of the bladder. The authors remarked that this was the first study to demonstrate the
production of tumors by diet without an exogenous source of a carcinogen in animals not genetically predisposed
to tumor formation.

Glucose

A preliminary report by Ingram and Castleden (1981) implicated dietary glucose in the development of
carcinogen-induced tumors in the large bowel. In this study, male Wistar rats were fed Milne's Standard
Laboratory Diet and given drinking water ad libitum either with or without 1.6% glucose. Both groups were
injected subcutaneously with 1,2-dimethylhydrazine to induce bowel tumors. There were no differences in the
number of small bowel tumors observed in the two groups; however, the rats given the glucose solution
developed approximately twice the number of large bowel tumors observed in those given the drinking water
alone. These results are difficult to interpret because approximately 35% of the Milne Standard Laboratory Diet
is composed of carbohydrates, and this diet was fed to both groups of animals. The contribution of this diet to
blood glucose levels is considerably greater than that supplied by the 1.6% glucose-water drinking solution.
Thus, there is a possibility that the observed results were an indirect effect of the glucose-water solution rather
than a direct effect of glucose.

Xylitol

Xylitol is present in many natural foods (Washiittl et al., 1973). Its sweetness is approximately equal to that
of sucrose.

In a 2-year feeding study, CFLP male and female mice were fed 0, 2%, 10%, or 20% xylitol in the diet for
as long as 106 weeks (Hunter et al.,

Copyright © National Academy of Sciences. All rights reserved.
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1978b). In the mice fed the 10% or 20% xylitol diets, there was a reduction in spontaneous hepatocellular tumors
in the males, but not in the females. However, the males in these dietary groups had more crystalline bladder
calculi and an associated increase in hyperplasia, metaplasia, and neoplasia of the transitional epithelium of the
bladder than did the females fed similar diets, the control mice, or the mice fed 2% xylitol.

Sprague-Dawley CD male and female rats were fed 2%, 5%, 10%, or 20% xylitol in the diet for 26 weeks
without evidence of increased renal calculi or hepatocellular abnormalities at autopsy. However, the incidence of
adrenal medullary hyperplasia was greater in rats fed 5%, 10%, or 20% xylitol than in the controls (Hunter et al.,
1978b). In male and female beagle dogs fed 10% or 20% xylitol in their diets for 52 weeks, the single
remarkable pathologic change was an increased liver weight at autopsy. This slight hepatomegaly was associated
with hepatocyte enlargement and altered hepatocyte appearance in the periportal areas of the animals.

The quantity of xylitol in the 20% diet approaches the LDy, for xylitol in mice (Kieckebuch et _al., 1961).
In rats, ingestion of 20% xylitol may exceed the maximum metabolic turnover rate as calculated from rates
observed in humans (Bickel and Halmagyi, 1976).

SUMMARY

Epidemiological Evidence

The evidence concerning the role of carbohydrates in the development of cancer in humans is extremely
limited. In one study, the intake of sugar was correlated with increased mortality from pancreatic cancer in
women only, and the intake of potatoes was correlated with increased mortality from liver cancer in both sexes.
In other studies, a high intake of refined sugar and a low intake of starch have been associated with an increased
incidence of breast cancer. Frequent consumption of starch has been associated with a high incidence of gastric
cancer in one case-control study and with esophageal cancer in another. However, the evidence is insufficient to
permit any firm conclusions to be drawn.

Experimental Evidence

The data from the few laboratory experiments designed to study the role of carbohydrates in carcinogenesis
are difficult to interpret because of generally poor experimental designs and because there is uncertainty about
the actual carbohydrate content of the foods used in the test diets.

A few recent studies suggest that dietary lactose combined with vitamin A deprivation and long-term
feeding of high levels of sucrose and

Copyright © National Academy of Sciences. All rights reserved.
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xylitol may contribute to carcinogenesis. These observations require further study.

CONCLUSION

Thus, the evidence from both epidemiological and laboratory studies is too sparse to suggest a direct role
for carbohydrates (possibly exclusive of fiber) in carcinogenesis. However, excessive carbohydrate consumption
contributes to caloric excess, which in turn has been implicated as a modifier of carcinogenesis.

Copyright © National Academy of Sciences. All rights reserved.
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8
Dietary Fiber

Recently, attention has been directed toward the physiological significance of dietary fiber, which generally
includes indigestible carbohydrates and carbohydrate-like components of food such as cellulose, lignin,
hemicelluloses, pentosans, gums, and pectins. The principal characteristic of these indigestible substances is their
provision of bulk in the diet. The major categories of foods that provide dietary fiber are vegetables, fruits, and
whole grain cereals.

Because of the complex composition of dietary fiber, the physiological functions and metabolic activity of
its individual components have not been adequately studied. Most earlier analyses focused on the intake of so-
called “crude fiber.” Therefore, they generally underestimated the fiber content since crude fiber only determines
cellulose and lignin. Consequently, early reports provided incomplete data on the amount and type of fiber
consumed.

During the past few decades, the consumption of dietary fiber has decreased in many parts of the Western
world (National Academy of Sciences, 1980). On the basis of observations concerning the relationship of diet
and the incidence of disease, Burkitt and Trowell (1975) hypothesized that many chronic diseases including
cancer are associated with a low intake of dietary fiber.

EPIDEMIOLOGICAL EVIDENCE

The epidemiological data on fiber are related primarily to its possible role in protection against large bowel
cancer. Several different mechanisms have been proposed for this protective effect: Fiber can dilute carcinogens
present in the large bowel; it can decrease transit time, thereby decreasing contact time between carcinogen and
tissue; it can affect the production of putative carcinogens or procarcinogens in the stool such as the bile acids;
or, by influencing the composition and metabolic activity of the fecal flora, it can alter the spectrum of fecal bile
acids and their derivatives that are present in the stool. Most data on the fiber content of foods are incomplete,
because they pertain only to crude fiber. Since any effect associated with dietary fiber may be restricted to
selected components, epidemiological studies of dietary fiber will have limited value until detailed information
on each of its constituents becomes available.

Attempts to correlate the fiber content of diets with colorectal cancer risk have yielded mixed results.
Malhotra (1977) suggested that the differences in colon cancer incidence among northern and southern

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

o
o
(o)
@

o
@

Q2

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

e

=
£
S

E

-
o
e

X
o
o)

e
=
0]
o
I
o

©

£

2
=
o
o

°

=
£
o
2

E

O
9]

)
@
)
2
G
0

Q2

©=

—

=

X
£
o
2

E

O
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

Ko]
(%2}
@

N

X
<
o
2

©

£

2
=
o
o

=

=]

b
o
c

9

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

Q2

=

'_

RO

©=

L

)

o

R4

°

=

=
=}
o

!

<

[0
(2]
©
o
o
°
O
=
[0}
(2]
£
>
©
Io!
C
(0]
o
Q
[&]
@®@
c
[0
[0}
Ke]
(]
>
©
c
>
@®
IS
w
o
]
e
£
(0]
Q
<
Q.
[
o
D
o
o
>
2
(0]
€
(o]
(1)
©
C
©
o
(0]
£
©
&
[0
e
(0]
o]
-
o
c
C
®
o
~
(]
>
[}
2
o
N
&
C
E
@®
IS
£
]
o
L
=
[$]
[0
Q.
({J
D
C
£
[0}
(7]
[0
(o}
>
2
o
(0]
L
£
o
©
C
©
%)
@
>
=
2]
D
£
©
©
(0]
Ny
)
x
[
]
o
o
e
2
o
B
%)
L
S
D
c
K}
(0]
£
©
£
2
=
(]
(0]
L
S
o
Ie]

o
e
=

>3
Is!
=
=]

©
=
<}
Rel

c
Qo

7]

&2

o

>

[
=
=

©
8
=

e}
=
=

>

®©
©
<
=]

(2]

©

o
)
=

T

o
o)

>

a
i)
=
=
b

s}

c
Qo

7]

&2

o

>
=

c
=

S

©
<
=]

©

%}

S

DIETARY FIBER 131

populations in India might be explained by the high levels of roughage, cellulose, and vegetable fiber in the
northern Indian diet and the very low levels in the southern Indian diet. There was a virtual absence of the
disease in the Punjabis from the north. He also found that vegetable fibers were abundant in the stools of Indians
from the north, but completely absent in samples obtained from inhabitants of the southern regions. MacLennan
et al . (1978) observed similar differences after comparing the diets of adult men from Copenhagen, Denmark
(high risk group for colon cancer) and from Kuopio, Finland (low risk group). The Danes consumed less fiber
and their stools weighed less than those of the Finns. These findings lend support to the hypothesis that dietary
fiber plays a protective role in carcinogenesis. Bingham et al . (1979) calculated the average fiber intake by
populations in different regions of Great Britain. They found no significant correlation between total fiber intake
and corresponding mortality rates for colon and rectal cancers. However, the mean intakes of the pentosan
fraction of total dietary fiber and of vegetables other than potatoes were inversely correlated with mortality from
colon cancer. This finding suggested the importance of examining the specific components of fiber rather than
crude or total fiber in studies of large bowel cancer.

Other correlation analyses have not supported the hypothesis that fiber intake is inversely associated with
the risk of colon cancer. Liu et al. (1979) examined mortality from colon cancer in 20 industralized countries
between 1967 and 1973 and compared the rates to per capita food intake for these same areas from 1954 to 1965.
Although fiber intake was inversely correlated with colon cancer mortality, this relationship was no longer
significant in a partial correlation analysis controlling for cholesterol intake. The authors concluded that
cholesterol, not fiber, was an important risk factor for colon cancer. In other studies, Drasar and Irving (1973)
failed to find a correlation between colon cancer incidence in 37 countries and per capita intake of various fiber-
containing foods, and Lyon and Sorenson (1978) found little difference in fiber intake between the population of
Utah (low risk) and the population of the United States as a whole.

In a number of case-control studies, investigators have attempted to examine the relationship between
dietary fiber and risk of large bowel cancer, again with inconsistent results. Modan et al . (1975) assessed the
frequency with which certain food items were consumed by colon and rectal cancer cases and both hospital and
neighborhood controls. They found that the consumption of high-fiber foods by colon cancer cases was
significantly lower than that of both groups of controls, but there was no such difference between rectal cancer
cases and controls. Using a similar approach, Bjelke (1978) observed that the consumption of dietary fiber by
colorectal cancer cases was lower than that of controls in parallel studies conducted in Minnesota and Norway.

Dales et al. (1978) studied cases of colorectal cancer in U.S. blacks. Controls were selected from two
hospitals and a multiphasic

Copyright © National Academy of Sciences. All rights reserved.
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health check-up clinic. By assessing the frequency of consumption of selected food items, they found that the
cases consumed fewer fiber-containing foods than did the controls, and that there was a consistent dose-response
relationship. Significantly more cases than controls reported the consumption of a diet that was high in saturated
fat but low in fiber.

In a case-control study of diet and colorectal cancer in Canada, Jain et al. (1980) attempted to compute
consumption of dietary fiber based on the actual fiber content of food rather than on a simple grouping of food
items as other investigators had done. They found an elevated risk associated with increased consumption of
calories, total fat, total protein, saturated fat, oleic acid, and cholesterol, but no association with the consumption
of crude fiber, vitamin C, or linoleic acid. Unfortunately, data on the specific components of fiber were not
available for their analysis.

A direct association between fiber consumption and large bowel cancer was reported by Martinez et al.
(1979), who conducted a case-control study in Puerto Rico. Based on frequency-of-consumption dietary
histories, they found higher consumption of fiber and total residue in cases than in controls. They provided no
explanation for this unusual finding, which, however, is consistent with the observation of Hill et al. (1979) that
the highest socioeconomic group studied in Hong Kong had the highest incidence of colon cancer and a high
intake of fiber and calories, whereas the middle and lowest socioeconomic groups had correspondingly lower
incidence rates and intakes.

Glober et al. (1974, 1977), compared bowel transit-times in men from three different populations: Japanese
in Japan (low risk for colon cancer), Japanese in Hawaii (high risk for colon cancer), and Caucasians in Hawaii
(also high risk for colon cancer). They found that bowel transit-times were similar in both Japanese populations,
and were shorter than in the Caucasians. Mean stool weight, however, was similar in the two high-risk
populations and was notably less than that for the Japanese in Japan. Thus, their data did not support the
hypothesis that dietary fiber protects against colon cancer by decreasing transit time in the bowel, thereby
decreasing the contact time between carcinogens and tissues.

Dietary fiber can also affect the amount of bile acids excreted into the lumen of the intestine. However,
since dietary fat influences bile acid excretion as well, the relative effects of both of these dietary components
need further study. Studies of the composition of bile acids in the feces of humans are reviewed in Chapter 5.

EXPERIMENTAL EVIDENCE

A variety of chemical carcinogens cause colon cancer in rats. Among these are 1,2-dimethylhydrazine
(DMH), azoxymethane (AOM), methylazoxymethanol (MAM) acetate, 3,2'-dimethyl-4-aminobiphenyl (DAB),
and

Copyright © National Academy of Sciences. All rights reserved.
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nitrosomethylurea (NMU). Colon cancer can be induced in these laboratory animals by parenteral administration
of DMH, AOM, MAM, and DAB; by feeding DMH; and by intrarectal instillation of NMU. Bran protects rats
against DMH-induced colon cancer, regardless of whether the carcinogen is administered orally or
subcutaneously (Barbolt and Abraham, 1978; Chen et al., 1978; Wilson et al., 1977). However, it has no effect
on the incidence or number of tumors in the duodenum or cecum. Cellulose has been found to protect rats against
DMH-induced tumors (Freeman et al., 1978, 1980), but pectin does not (Freeman _et al., 1980). Cellulose does
not appear to protect against tumors induced by AOM or NMU (Ward et _al., 1973; Watanabe et al ., 1978).

Fleiszer et al. (1980) have studied the effects of different levels of fiber on DMH-induced colon cancer in
rats. Four diets were used: very high fiber (28%) supplied as bran cereal; high fiber (15%) supplied as a special
rat chow; low fiber (5%) supplied as standard rat chow; and a fiber-free, semipurified diet. Fewer cancers
occurred in the rats fed the very high fiber and high fiber diets, than in those given the low fiber diet. Because the
basal diet for the fiber-free group was considerably different, the response of these animals cannot be reasonably
compared with those of the other animals.

Although components of dietary fiber generally appear to exert a protective effect against DMH-induced
carcinogenesis, Glauert et _al. (1981) recently reported that dietary agar (a fiber-rich component of the diet)
enhanced DMH-induced colon cancer in mice.

The effects of dietary fiber have been compared in rats treated with AOM or NMU (Watanabe et al., 1979).
The substances tested were alfalfa, pectin, and wheat bran fed as 15% of a diet that also contained 5% cellulose.
When the carcinogen was given parenterally, pectin exerted a protective effect but alfalfa and bran were
ineffective. When the carcinogen was given by intrarectal instillation, alfalfa enhanced carcinogenesis, but pectin
and bran were not protective.

Alfalfa has a relatively strong ability to bind bile acids (Story and Kritchevsky, 1976). Cassidy et al. (1981)
demonstrated that substances with this binding capacity disrupt the topography of the colonic mucosa. The
denuded epithelium would then be susceptible to the action of a locally administered carcinogen.

Although some data suggest that some types of fiber (e.g., bran and cellulose) can protect rats from the
action of certain chemical carcinogens, the collated data from different experiments are difficult to compare or
interpret, primarily because of the lack of uniform experimental protocols. The strains of rats, their diets, age, the
carcinogens used, and routes of administration all differ. The animal model is useful to study the effects of fiber
on carcinogenesis in the large bowel, but the lack of standardization must be borne in mind when assessing or
comparing data.

Copyright © National Academy of Sciences. All rights reserved.
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SUMMARY

Epidemiological Evidence

Both correlation and case-control studies have yielded results that either support or contradict the
hypothesis that dietary fiber protects against colorectal cancer. In both types of studies, most analyses have been
based on total fiber consumption estimated by grouping foods (such as fruits, vegetables, and cereals) according
to their fiber content. However, in the only case-control study and the only correlation study in which the total
fiber consumption was quantified rather than estimated from the fiber-rich foods in the diet, no association was
found between total fiber consumption and the risk of colon cancer. Thus, the epidemiological evidence
suggesting an inverse relationship between total fiber intake and the occurrence of colon cancer is not yet
compelling.

In the only study in which the effects of individual components of fiber were assessed, there was an inverse
correlation between the incidence of colon cancer and the consumption of the pentosan fraction of fiber (found in
whole wheat products). Thus, it seems likely that further epidemiological study of fiber will be productive only if
the relationship of cancer to specific components of fiber can be analyzed.

Experimental Evidence

A few laboratory studies have also shown that some types of high fiber ingredients (e.g., cellulose and bran)
depress the tumorigenicity of certain chemical carcinogens. However, the data are inconsistent--especially with
respect to the type of fiber or specific chemical carcinogen. Moreover, they are difficult to equate with the results
of epidemiological studies because most laboratory experiments have examined specific fibers or their individual
components, whereas most epidemiological studies have focused on fiber-containing foods whose exact
composition has not been determined. Further information is needed on the basic chemistry and biological
effects of fiber and its components to pursue experimental studies that will produce meaningful results.

CONCLUSION

The committee found no conclusive evidence to indicate that dietary fiber (such as that present in fruits,
vegetables, grains, and cereals) exerts a protective effect against colorectal cancer in humans. Both
epidemiological and laboratory reports suggest that if there is such an effect, specific components of fiber, rather
than total dietary fiber, are more likely to be responsible.

Copyright © National Academy of Sciences. All rights reserved.
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9

Vitamins

In recent years, there has been considerable interest in the role of vitamins A, C, and E in the genesis and
prevention of cancer. In contrast, little attention has been paid to the B vitamins and others such as vitamin K.
The evidence concerning vitamins A, C, E, and selected B vitamins is discussed below.

VITAMIN A

Of the entire collection of chemically diverse substances classified as vitamins, those subsumed under the
general term “vitamin A” are of the greatest current interest in terms of their possible association with the
process of carcinogenesis. The only well-understood function of vitamin A is its role in the visual cycle. The
involvement of this vitamin in cell differentiation, although less well documented, provides a rational basis for
examining its relationship to cancer.

Ingested vitamin A is absorbed in the bloodstream and stored in the liver, and can reach toxic levels if large
amounts are consumed. Blood levels of vitamin A are regulated by a feedback mechanism, but they do not
usually reflect the amounts consumed in the diet or stored in the liver.

Epidemiological Evidence

The impact of vitamin A on carcinogenesis is of considerable interest. Several epidemiological
investigations, mostly case-control studies, have indicated an inverse relationship between “vitamin A” intake
and a variety of cancers. With few exceptions, the estimates of vitamin A were based on frequency of ingestion
of a group of foods (e.g., green and yellow vegetables) known to be rich in -carotene (a provitamin that may be
enzymatically converted to vitamin A in vivo) and a few foods such as whole milk and liver containing
preformed retinol (vitamin A). Thus, to a large extent, these studies have measured indirect indices of B-carotene
intake. In this discussion the term vitamin A will also be used to include B-carotene, since the two components
are not distinguished in most of the reports.

Lung. Bjelke (1975) was one of the first investigators to report epidemiological data suggesting that vitamin
A plays a protective role against cancer. Using frequency data collected by a questionnaire
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mailed to a cohort of Norwegian men, he derived a vitamin A index based on limited sources of the vitamin. He
observed lower values for lung cancer cases than for controls after controlling for cigarette smoking. MacLennan
et al. (1977) found an inverse association between consumption of green, leafy vegetables rich in “vitamin A”
and lung cancer in a case-control study among Chinese females in Singapore.

In a case-control study conducted by Gregor et al. (1980), hospital outpatients, mostly from a rheumatology
clinic, were used as controls. These investigators found that significantly less vitamin A had been consumed by
male lung cancer cases than by controls, mainly because cases had consumed fewer vitamin A supplements and
less liver. The few female cases had a different proportional distribution of tumor cell type than the males and
showed an opposite (direct) overall association with vitamin A intake, although they also consumed fewer
vitamin A supplements than the controls.

The use of vitamin A supplements was inversely associated with cancer, including lung cancer, in men (but
not women) in a case-control study reported by Smith and Jick (1978). Mettlin et al. (1979) reported results of a
case-control study in which an index of vitamin A consumption, based on frequency of consumption of a group
of food items, was inversely associated with lung cancer in males, after controlling for cigarette smoking. In 28
patients with bronchial carcinoma, plasma levels of vitamin A were lower than those in a small group of controls
(Basu et al., 1976; Sakula, 1976).

Shekelle et al. (1981) reported the findings of a 19-year follow-up study of 1,954 men in Chicago. Lung
cancer incidence was inversely associated with carotene intake both with and without adjustment for cigarette
smoking. There was no significant association of lung cancer with the intake of preformed vitamin A.

Larynx. Graham et al. (1981) studied male cases of laryngeal cancer and controls. After controlling for
cigarette smoking and alcohol consumption, they found an inverse relationship (with a dose-response gradient)
between cancer risk and indices of both Vitamins A and C intake based on frequency of consumption of selected
foods. They reported similar results for vegetable consumption in general, but not for cruciferous vegetables in
particular.

Bladder. In a case-control study designed like the one conducted on lung cancer, Mettlin et al. (1979)
reported a similar inverse association of a vitamin A consumption index with bladder cancer, after controlling for
coffee consumption, smoking, and occupational exposure.

Esophagus. Wynder and Bross (1961) reported that frequencies of consumption of milk, and of green and
yellow vegetables (sources of vitamin A and B-carotene, respectively) were lower for esophageal cancer cases
than for controls. Mettlin et al. (1981) reported a

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

[0
(2]
©
o
o
°
O
=
[0}
(2]
£
>
©
Io!
C
(0]
o
Q
[&]
@®@
c
[0
[0}
Ke]
(]
>
©
c
>
@®
IS
[2]
o
]
e
£
(0]
Q
<
Q.
[
o
D
o
o
>
2
(0]
€
(o]
(1)
©
C
©
o
(0]
£
©
&
[0
e
(0]
Ke)
-
o
c
C
®
o
~
(]
>
[}
2
o
N
&
C
E
@®
IS
£
]
o
L
=
[$]
[0
Q.
({J
D
C
£
[0}
(7]
[0
(o}
>
2
o
(0]
L
£
o
©
C
©
%)
@
>
=
2]
D
£
©
©
(0]
Ny
)
x
[
]
o
o
e
2
o
B
%)
L
S
D
c
K}
(0]
£
©
£
2
=
(]
(0]
L
S
o
Ie]

o
iel
=
>3
2
=
=]
©
=
<}
Rel
c
kel
7]
&2
o
>
[
=
=
©
8
=
e}
<
=
>
®©
©
<
£
(2]
©
o
hel
=
T
o
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

VITAMINS 140

similar inverse association and a dose-response gradient for frequency of consumption of fruits and vegetables in
a study of male cases and controls, after controlling for cigarette smoking and alcohol consumption. Although
they also found an inverse relationship for an index of vitamin A consumption based on selected foods, there was
an even stronger inverse relationship for an index of vitamin C consumption. Also consistent with these findings
were observations of populations in the Caspian littoral of Iran (a region of particularly high esophageal cancer
incidence) indicating that consumption of green vegetables and fresh fruit and estimated vitamin A and C intake
in high risk areas were lower than in areas of low risk (Hormozdiari et al., 1975; Joint Iran-International Agency
for Research on Cancer Study Group, 1977). In a subsequent case-control study in this region, investigators also
found that cases had consumed smaller amounts of uncooked vegetables (as well as fruits) than had controls
(Cook-Mozaffari, 1979; Cook-Mozaffari et al., 1979).

Stomach. Among other findings, Hirayama (1967) reported an inverse association between daily
consumption of milk (a vitamin A source) and stomach cancer in a case-control study in Japan. More recently,
Hirayama (1977) reported a similar “protective” effect of milk based on data from a prospective cohort study
involving 265,118 subjects. There was also a lower risk for stomach cancer among nonsmokers who consumed
green and yellow vegetables.

Graham et al. (1972) reported higher consumption of uncooked vegetables (likely sources of B-carotene) by
controls than by cases in a case-control study of gastric cancer in New York State. A similar inverse association
with consumption of raw vegetables was noted by Haenszel et al. (1972) in a case-control study in Hawaii.

Colon/Rectum. In ongoing cohort studies in Norway and Minnesota, Bjelke (1978) has found that milk and
several vegetables have been consumed with less frequency by colorectal cancer cases than by controls. An
index of vitamin A intake (which was highly correlated with consumption of vegetables) showed the same
inverse relationship.

Prostate. In a study on prostate cancer, Schuman et al. (1982) found that foods rich in vitamin A (e.g., liver)
and B-carotene (e.g., carrots) were consumed less frequently by cases than by controls.

General. In three recent reports based on data from cohort studies in the United States and England, the
investigators observed that there was an inverse relationship between serum levels of vitamin A and subsequent
risk of cancer in general (Cambien et al., 1980; Kark et al., 1980; Wald et al., 1980). The relationship between
dietary intake of vitamin A and its level in serum (which is under homeostatic control) is not yet clear in
populations such as these, which are generally not deficient in this nutrient.

Copyright © National Academy of Sciences. All rights reserved.
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VITAMINS 141

Experimental Evidence

In the following discussion, the term “vitamin A” is used to include: vitamin A itself, synthetic analogues of
vitamin A called retinoids, and naturally occurring plant constituents, the carotenoids, which can be converted to
vitamin A in vivo.

Vitamin A is necessary for normal differentiation of epithelial cells in many tissues. A deficiency of this
vitamin results in metaplasia, a pathological condition in which a keratinizing squamous epithelium replaces the
form of epithelium that is normal to various tissues (Wolbach and Howe, 1925). In the bronchial mucosa, for
example, the mucus-secreting columnar epithelium is replaced by a stratified squamous epithelium. Of relevance
to the relationship between vitamin A and cancer is the occurrence of metaplasia, early in the evolution of many
neoplasms. In the tissue undergoing malignant transformation, the normal differentiation pattern is lost and a
new form of epithelium appears.

Vitamin A Deficiency. Since the appearance of metaplasia is common to both vitamin A deficiency and
early neoplasia, a deficiency of this vitamin might enhance the neoplastic response to chemical carcinogens. In
vitro experiments in organ cultures have supported this concept. In an organ culture of mouse prostatic tissue,
vitamin A was shown to prevent the induction of metaplasia induced either by a culture medium deficient in
vitamin A or by carcinogenic polycyclic aromatic hydrocarbons (Lasnitzki, 1963). In organ cultures of hamster
tracheas, vitamin A inhibited the induction of squamous cell metaplasia and proliferative epithelial lesions by
benzo[a]pyrene (Crocker and Sanders, 1970).

Some in vivo experiments have produced similar results. For example, Nettesheim and Williams (1976)
reported that the induction of neoplastic lesions of the lungs by 3-methylcholanthrene was enhanced in rats
deprived of vitamin A intake. This conclusion was based on observations of squamous nodules in the lungs,
which have been demonstrated to be precursors of squamous cell carcinomas. Vitamin A deficiency also affects
the mucosa of the urinary bladder, producing squamous cell metaplasia as well as a high incidence of cystitis,
ureteritis, and pyelonephritis. The effects of vitamin A deficiency have been investigated in rats given N-[4-(5-
nitro-2-furyl)-2-thiazolyl]-formamide (FANFT), a compound that causes cancer of the bladder. In Sprague-
Dawley rats maintained on a diet deficient in vitamin A, there was an acceleration in the neoplastic response to
FANFT, resulting in an earlier appearance of urinary bladder tumors and the development of ureteral and pelvic
carcinomas (Cohen etal., 1976).

Although squamous cell metaplasia in the mucosa of the large bowel does not occur with vitamin A
deficiency, several studies have been

Copyright © National Academy of Sciences. All rights reserved.
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VITAMINS 142

conducted to determine the effect of such a deficiency on carcinogen-induced neoplasia of the large bowel in the
rat (Narisawa et al., 1976; Newberne and Rogers, 1973; Rogers et al., 1973). Rogers etal. (1973) studied the
effects of a low vitamin A intake on response of rats to intragastric administration of 1,2-dimethylhydrazine.
They observed a slight increase in the incidence of tumors of the large bowel in the animals on the low vitamin
A diet. Different results were obtained by Narisawa et al. (1976), who administered the carcinogen N-methyl-N'-
nitro-N-nitrosoguanidine (MNNGQG) intrarectally to rats. In this study, animals fed a diet free of vitamin A
developed fewer neoplastic lesions of the large bowel than those supplemented with vitamin A or fed a
commercial chow diet with adequate vitamin A content.

An experiment of a somewhat different nature was conducted by Newberne and Rogers (1973). In this
study, rats were exposed to the carcinogen aflatoxin and were fed diets containing various amounts of vitamin A.
Animals deficient in vitamin A developed tumors of the large bowel, whereas rats fed a diet containing adequate
amounts of vitamin A did not. Neoplasms of the liver developed in both groups of animals; however, there were
fewer liver tumors in the group deficient in vitamin A. Thus, the overall effect was a shift in site of neoplasms
rather than an overall change in tumor incidence (Newberne and Rogers, 1973).

In summary, studies in animals indicate that a deficiency of vitamin A can result in an increased
susceptibility to carcinogen-induced neoplasia; however, there are exceptions.

Excess Intake of Vitamin A. Investigations have also been conducted to determine the effect of excess
vitamin A on the occurrence of neoplasia in animals. Saffiotti et al. (1967) demonstrated that a high intake of
vitamin A protected against benzo[a|pyrene-induced metaplasia and squamous cell neoplasms of the
tracheobroncial tree in hamsters. Supporting data reported by Nettesheim and Williams (1976) indicated that
vitamin A protects against 3-methylcholanthrene-induced squamous cell metaplasia and early neoplastic lesions
of the lung in rats. In contrast, Smith et al. (1975) observed that an intake of high levels of vitamin A increases
the incidence of respiratory tract tumors in hamsters. Retinyl acetate has also been shown to enhance hormone-
induced mammary tumorigenesis in female GR/A mice (Welsch et al., 1981). In studies of other target sites, Chu
and Malmgren (1965) and Shamberger (1971) observed that a high intake of vitamin A inhibited formation of
tumors of the forestomach and cervix in hamsters and the skin of mice. Rogers et al. (1973) reported that the
induction of neoplasia in the large bowel of rats by 1,2-dimethylhydrazine (DMH) was slightly enhanced by a
high intake of the vitamin.

To summarize, studies in animals indicate that an increased intake of this vitamin has a protective effect
against the induction of cancer by chemical carcinogens in most, but not all, instances.

Copyright © National Academy of Sciences. All rights reserved.
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VITAMINS 143

Retinoids. Results from the studies of vitamin A have stimulated efforts to find analogues with a greater
inhibitory effect on neoplasia, less toxicity, and a capability of reaching target tissues in concentrations higher
than those of the naturally occurring vitamin. Many such compounds, the retinoids, have been synthesized, but
are not normal constituents of the diet. Experiments to study the inhibition of carcinogen-induced neoplasia of
the breast, urinary bladder, skin, and lung by these analogues have produced impressive results (see review by
Sporn and Newton, 1979, 1981; Sporn et al., 1976). These compounds have also been responsible for regression
of skin papillomas in mice (Bollag, 1971). The effects of these compounds buttress observations from studies of
naturally occurring vitamin A.

Carotenoids. In plants there is a group of compounds, the carotenoids, that can be converted into vitamin A
in vivo. These compounds can also be absorbed unchanged from the gastrointestinal tract and exist in tissues in
their original form. In a recent review of epidemiological data on vitamin A and related compounds, Peto et al.
(1981) considered the possibility that B-carotene itself rather than its derivative, vitamin A, may have the
capacity to inhibit carcinogenesis in epithelial cells. Only a few studies have been conducted to investigate the
effects of carotenoids on neoplasia in laboratory animals. Recently, Mathews-Roth et al. (1977) observed that -
carotene, canthaxanthin (4-4'-diketo-f -carotene), and phytoene can produce a significant protective effect
against the development of UV-induced skin tumors in hairless mice. Since canthaxanthin and phytoene are
carotenoids that do not have vitamin A activity, the protective effect appears to reside in the carotenoid structure
per se. In an earlier study, Shamberger (1971) reported experiments in which p-carotene applied to the skin of
mice concomitantly with croton oil increased the formation of epidermal tumors previously initiated by 7,12-
dimethylbenz-[a]anthracene (DMBA). Considerable further research is necessary to evaluate the effects of
carotenoids on carcinogenesis in laboratory animals.

Summary

Epidemiological Evidence. A growing accumulation of epidemiological evidence indicates that there is an
inverse relationship between the risk of cancer and the consumption of foods containing vitamin A (e.g., liver) or
its precursors (e.g., some carotenoids in dark green and deep yellow vegetables). Most of the data, however, do
not show whether the effects are due to carotenoids, to vitamin A itself, or to some other constituents of these
foods. In these studies, investigators found an inverse association between estimates of “vitamin A” intake and
carcinoma at several sites, e.g., the lung, the urinary bladder, and the larynx. All these cancers involve epithelial
cells.

Experimental Evidence. Studies in animals indicate that vitamin A deficiency generally increases
susceptibility to chemically induced

Copyright © National Academy of Sciences. All rights reserved.
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neoplasia, and that an increased intake of the vitamin appears to protect against carcinogenesis in most, but not
all, cases. Because high doses of vitamin A are toxic, many of these studies have been conducted with its
synthetic analogues, retinoids, which lack some of the toxic effects of the vitamin. These analogues have been
shown to inhibit chemically induced neoplasia of the breast, urinary bladder, skin, and lung.

Conclusion

The committee concluded that the laboratory evidence shows that vitamin A itself and many of the retinoids
are able to suppress chemically induced tumors. The epidemiological evidence is sufficient to suggest that foods
rich in carotenes or vitamin A are associated with a reduced risk of cancer. The toxicity of vitamin A in doses
exceeding those required for optimum nutrition, and the difficulty of epidemiological studies to distinguish the
effects of carotenes from those of vitamin A, argue against increasing vitamin A intake by the use of supplements.

VITAMIN C (ASCORBIC ACID)

Epidemiological Evidence

The associations of vitamin C with cancer in epidemiological studies are mostly indirect since they are
based on the consumption of foods known to contain high concentrations of the vitamin. In general, the data
suggest that vitamin C may lower the risk of cancer, particularly in the esophagus and stomach.

In 1964, Meinsma noted that the consumption of citrus fruits by cases of gastric cancer was lower than that
by controls. Similar inverse associations between fresh fruit consumption or vitamin C intake and gastric cancer
have been reported by Higginson (1966), Haenszel and Correa (1975), Bjelke (1978), and Kolonel et al. (1981).
These observations are consistent with the hypothesis that vitamin C protects against gastric cancer by blocking
the reaction of secondary and higher amines with nitrite to form nitrosamines (Correa et al., 1975).

As noted in the discussion of vitamin A, Mettlin et al. (1981) found inverse associations of indices of both
vitamin A and vitamin C consumption with esophageal cancer, based on frequency of consumption of selected
food items by male cases and controls. The relationship was stronger for vitamin C than for vitamin A, however,
and only the association with vitamin C was statistically significant after controlling for smoking and alcohol
use. In studies of human populations on the Caspian littoral of Iran, inverse associations have

Copyright © National Academy of Sciences. All rights reserved.
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been found between esophageal cancer and consumption of fresh fruits and estimated intake of vitamin C, based
on correlational and case-control data (Cook-Mozaffari, 1979; Cook-Mozaffari et al., 1979; Hormozdiari et al.,
1975; Joint Iran-International Agency for Research on Cancer Study Group, 1977).

A protective role for vitamin C in laryngeal cancer was also inferred in a case-control study conducted by
Graham et al. (1981). These investigators found an inverse relationship between cancer risk and indices of both
vitamins C and A, after controlling for cigarette smoking and alcohol consumption. There was a similar
relationship for vegetable consumption in general, but not for cruciferous vegetables in particular.

Wassertheil-Smoller et al. (1981) recently reported a similar inverse association between vitamin C
consumption (calculated from analysis of 3-day records of foods and a 24-hour recall) and uterine cervical
dysplasia in a case-control study of women in New York. The findings persisted after the investigators controlled
for age and sexual activity in the analysis.

In contrast, Jain et al. (1980) found no association between vitamin C consumption and colon cancer in a
case-control study based on quantitative data obtained from dietary histories.

Experimental Evidence

Vitamin C has also been studied for its effects on cancer under a variety of experimental conditions. The
simplest studies are those that have demonstrated that ascorbic acid can prevent the reaction of nitrites with
amines or amides to form carcinogenic nitroso compounds. Ascorbic acid effectively competes for the nitrite,
thereby inhibiting the formation of the carcinogenic nitroso compounds (Ivankovic et al., 1975; Mirvish, 1981;
Mirvish et al., 1972, 1975). Investigations of this phenomenon in vitro and in vivo have been published by a
number of scientists. In a prototype in vitro study, Mirvish et al. (1972) demonstrated that ascorbic acid inhibited
formation of nitroso compounds resulting from the reaction of nitrites with oxytetracycline, morpholine,
piperazine, N-methylaniline, methylurea, and dimethylamine. In subsequent in vivo studies, they showed that
ascorbic acid inhibits formation of nitroso carcinogens in mice (Mirvish et al., 1975). In their experimental
model, Swiss and Strain A mice were fed amines or amides in the diet and were given nitrite in their drinking
water. Under these conditions, pulmonary tumors developed. The addition of ascorbic acid to the diet resulted in
a marked inhibition of these tumors. Ascorbic acid also consistently produced an inhibitory effect in other in
vivo studies when nitrite and amino compounds were administered by the same routes (Ivankovic et al., 1975;
Mirvish, 1981; Rustia, 1975).

The effect of vitamin C on carcinogenesis resulting from exposures to already formed carcinogens is not
clearly understood. Experiments to study this are complicated by the fact that the guinea pig is

Copyright © National Academy of Sciences. All rights reserved.
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the only laboratory animal that, like primates, does not synthesize vitamin C. Moreover, the endogenous
synthesis of vitamin C responds easily to various stimuli, e.g., exposures to certain xenobiotic compounds. Data
presented in two abstracts indicate that ascorbic acid inhibited neoplasia of the large bowel in rats given 1,2-
dimethylhydrazine (Logue and Frommer, 1980; Reddy and Hirota, 1979). Kallistratos and Fasske (1980)
reported that administration of a high dose of ascorbic acid in the diet of rats inhibited the induction of sarcoma
by benzo[a]pyrene. Only a few animals were used in this investigation. Soloway et al. (1975) reported that
ascorbic acid had no effect on the occurrence of neoplasia in the rat bladder after administration of FANFT.
Overall, the reported protective effects of ascorbic acid on neoplasia are not impressive, except for those brought
about through an indirect mechanism, i.e., the prevention of the formation of carcinogenic N-nitroso compounds.
In only two instances have investigators reported inhibition of carcinogenesis in the same tissue, i.e., the large
bowel (Logue and Frommer, 1980; Reddy and Hirota, 1979). However, since these studies were reported only in
abstract form, their results warrant further investigation.

In a study with a small number of guinea pigs, a high dietary intake of ascorbic acid had a slight enhancing
effect on the induction of sarcoma by 3-methylcholanthrene (Banic, 1981). Russell et al. (1952) also studied the
induction of sarcoma by the same compound in three groups of guinea pigs: a group deficient in vitamin C, a
group receiving vitamin C but on a food-restricted diet, and a group fed ad libitum. The number of animals
developing tumors was similar in all three groups, but the latent period was slightly shorter in the vitamin-C-
deficient group, indicating that the response produced by vitamin C deficiency was very slight or nonexistent.

Recently, observations on the effects of vitamin C on cells in culture have indicated that ascorbic acid can
affect cellular manifestations of malignancy. When C3H/10T1/2 mouse embryo cells are exposed to 3-
methylcholanthrene, morphological transformation occurs. However, the transformation is prevented if ascorbic
acid is added to the culture medium. Addition of the ascorbic acid as late as 23 days after the treatment with 3-
methylcholanthrene still completely inhibits transformation. Under some circumstances, it is possible to cause
reversion of chemically transformed cells to normal-appearing morphological phenotypes by adding ascorbic
acid to the culture medium (Benedict et al., 1980). The mechanism for inhibition and reversion is presently
unknown.

The effects of ascorbic acid on human leukemia cells in culture have also been studied. Low concentrations
of ascorbic acid were found to suppress growth of human leukemia cells from patients with acute
nonlymphocytic leukemia under conditions in which growth of normal myeloid colonies was not suppressed
(Park et al., 1980).

Copyright © National Academy of Sciences. All rights reserved.
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Summary

Epidemiological Evidence. The epidemiological data pertaining to the effect of vitamin C on the occurrence
of cancer are not extensive. Furthermore, they provide mostly indirect evidence since they are based on the
consumption of foods, especially fresh fruits and vegetables, known to contain high concentrations of the
vitamin, rather than on actual measurements of vitamin C intake. The results of several case-control studies and a
few correlation studies suggest that the consumption of vitamin-C-containing foods is associated with a lower
risk for certain cancers, particularly gastric and esophageal cancer.

Experimental Evidence. In the laboratory, ascorbic acid can inhibit the formation of carcinogenic N-nitroso
compounds, both in vitro and in vivo. On the other hand, studies of its inhibitory effect on the action of
preformed carcinogens have not provided conclusive results. In recent studies, the addition of ascorbic acid to
cells grown in culture prevented the chemically induced transformation of these cells and, in some cases, caused
reversion of transformed cells.

Conclusion

The limited evidence suggests that vitamin C can inhibit the formation of some carcinogens and that the
consumption of vitamin-C-containing foods is associated with a lower risk of cancers of the stomach and
esophagus.

VITAMIN E (A-TOCOPHEROL)

Epidemiological Evidence

There are as yet no epidemiological data associating vitamin E with cancer risk, and such data may prove
difficult to obtain for several reasons. First, vitamin E is present in a wide variety of foods (e.g., vegetable oils,
whole grain cereal products, and eggs), which makes it difficult to identify groups of people with substantially
different levels of intake. In addition, a clear-cut deficiency has not been established in humans. Vitamin E is
also relatively unstable during storage, and its concentration can vary greatly within individual foodstuffs.

Experimental Evidence

Of the various tocopherols, vitamin E a-tocopherol) is most widely distributed among different foods and
has the greatest biological activity (Harris et al., 1972). The vast majority of studies of the relationship of the
tocopherols and cancer have been conducted

Copyright © National Academy of Sciences. All rights reserved.
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with a-tocopherol. Like vitamin C, a-tocopherol competes for available nitrite, thereby blocking the formation of
carcinogenic nitroso compounds from reactions between nitrite and nitrosatable substrates such as amines or
amides (Fiddler et al., 1978; Mergens et al., 1978, 1979). An important difference between these vitamins is their
solubility. Ascorbic acid is water soluble, whereas a-tocopherol is soluble in lipids. Thus, the inhibitory effects
of a-tocopherol would take place largely in a lipid milieu.

There have been no in vivo studies to determine the effects on neoplasia resulting from a-tocopherol-
induced inhibition of nitroso compound formation. However, Kamm et al. (1977) have reported that the in vivo
formation of nitrosamines from precursor compounds resulted in hepatotoxicity. In this study, rats were
intubated with a solution containing sodium nitrite and aminopyrene. This was followed by oral administration
of a-tocopherol or vehicle. Animals receiving the vehicle had elevated SGPT (serum glutamic-pyruvic
transaminase), indicating liver damage. Rats receiving a-tocopherol had either a lower elevation of SGPT or no
elevation at all, depending on the dose of a-tocopherol administered. These investigators also reported that the
rats receiving a-tocopherol had a markedly lower level of nitrosamines in their serum than did the corresponding
controls.

Efforts to inhibit neoplasia by administering increased amounts of vitamin E have a long history. In one of
the earliest studies, Jaffe (1946) reported that the number of mixed tumors resulting from intraperitoneal
injection of 3-methylcholanthrene was lower in rats receiving a diet with added wheat germ oil than in rats on a
control diet. Subsequently, Haber and Wissler (1962) studied the effect of a-tocopherol supplements on
subcutaneous sarcomas induced by injecting mice with 3-methylcholanthrene. Their data suggested that a-
tocopherol inhibited the occurrence of these sarcomas. In studies by Epstein et al. (1967), a-tocopherol and a
number of other phenolic antioxidantsdid not suppress the formation of subcutaneous sarcomas induced in mice
by injections of 3,4,9,10-dibenzpyrene. More recently, Wattenberg (1972) reported that addition of a-tocopherol
to the diet prior to administration of the carcinogen failed to inhibit DMBA-induced neoplasia of the forestomach
of mice.

Several investigators have studied the effects of a-tocopherol on DMBA-induced formation of mammary
tumors. Wattenberg (1972) reported that ingestion of high levels of a-tocopherol only during the period before
DMBA was administered did not inhibit the occurrence of mammary tumors. In a brief report, Harman (1969)
presented data showing that a large vitamin E supplement in a semipurified diet fed from 11 days prior to
DMBA administration until completion of the study decreased the number of tumor-bearing rats by slightly less
than one-half. In another brief report, Lee and Chen (1979) indicated that rats fed diets either lacking o-
tocopherol or containing one-half the minimum level recommended had an increased tumor incidence as
compared to animals receiving a diet with adequate or excessive amounts of vitamin E.

Copyright © National Academy of Sciences. All rights reserved.
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The effects of vitamin E on epidermal neoplasia have also been studied. In one study, an increased intake of
vitamin E was reported to have no inhibitory effect in mice (Wattenberg, 1972); in another, it was observed to
produce a small degree of inhibition of mammary tumors in rats (Lee and Chen, 1979). Shamberger (1970)
reported that addition of vitamin E to a solution containing tumor promoters (e.g., croton oil, croton resin, and
phenol) inhibited formation of tumors in some instances, but this was not a consistent effect.

Cook and McNamara (1980) compared the effects of high and low doses of vitamin E on
dimethylhydrazine-induced neoplasia in the large intestine of mice. The diet fed to the mice consisted of natural
constituents fortified by vitamins and minerals, and contained 26% fat. Although the tumor incidence was
similar in both groups, the average number of tumors per animal was less in the high vitamin E group than in the
low vitamin E group.

Studies of the effects of vitamin E on carcinogenesis do not show severe or consistent inhibitory effects. It
is possible that vitamin E can inhibit under certain conditions, but a reproducible experimental model in which
vitamin E consistently inhibits neoplasia has not yet been found.

Summary and Conclusions

There are no reports of epidemiological studies concerning vitamin E intake and the risk of cancer.

Vitamin E (a-tocopherol), like ascorbic acid, inhibits the formation of nitrosamines in vivo and in vitro.
However, there are no reports on the effect of this vitamin on nitrosoamine-induced neoplasia. There is limited
evidence suggesting that vitamin E may inhibit tumorigenesis in several model systems.

The data are not sufficient to permit any firm conclusion to be drawn about the effect of vitamin E on
cancer in humans.

CHOLINE AND SELECTED B VITAMINS

Since the B vitamins are essential components of any adequate diet and are necessary for the continued
maintenance of cellular integrity and metabolic function, severe deficiencies in any of them will clearly reduce
the growth rate of tumor cells and interfere with the normal functioning of the organism (Young and Newberne,
1981). However, only a few of these vitamins, such as thiamine, riboflavin, pyridoxine, vitamin B,, and folic
acid, are discussed in this chapter because data for others are inadequate. Choline, although not a vitamin by
strict definition, is generally included in the vitamin B complex. To consider

Copyright © National Academy of Sciences. All rights reserved.
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the roles of choline and the B vitamins in carcinogenesis, one must recognize the complex interrelationships of
these vitamins with each other and with other components of diet, such as dietary protein and total calories. For
example, secondary changes in protein, nucleic acid, carbohydrate, fat, and/or mineral metabolism can account
for many of the effects observed with specific vitamins. Thus, although certain models have defined the roles of
several of these vitamins at the molecular level, their overall contribution to modulation of carcinogenesis is
difficult to assess.

Epidemiological Studies

No epidemiological studies have been conducted on the role of the B vitamins in carcinogenesis.

Experimental Studies

In much of the work demonstrating effects of specific B vitamins on carcinogenesis in model systems, there
has been no control for intake of other dietary constituents, notably protein and calories. Thus, many results of
such efforts are not useful since these two major components have considerable effect on the overall outcome of
carcinogenesis. Notable early exceptions are studies by Tannenbaum and by Boutwell. These studies show that
intake of B vitamins has either no effect, or at most a minimal effect, on carcinogenesis. Tannenbaum and
Silverstone (1952) reported that there were no significant differences in the incidence of tumors among groups of
animals fed minimal, moderate, or high levels of the B vitamins. In three of four experiments, however, the rate
of tumor development was faster in mice ingesting moderate amounts of vitamins than in mice ingesting either
high or low amounts. Boutwell et al. (1949) detected no effects of specific components, although when intake of
all B vitamins was low, the incidence of tumors in mice was decreased.

Enzymatic activation or deactivation of procarcinogens involves competing pathways. These metabolic
pathways can be modulated by dietary constituents such as vitamins and other nutrients, which in turn modulate
carcinogenesis. For example, Kensler et al. (1941) demonstrated that riboflavin provided partial protection
against hepatic cancer caused by orally administered dimethylaminoazobenzene in rats by enhancing the
detoxification of that carcinogen by a flavin-dependent enzyme system (Miller and Miller, 1953; Miller et al.,
1952). It seems likely that the opposite effect, i.e., enhancement of carcinogenic potential, might be observed if
vitamin B, (riboflavin) were required for activation to the ultimate carcinogen. The cumulative effect of
riboflavin-supplemented diets on hepatocarcinogenesis caused by other compounds and on tumorigenesis at
other sites has not been adequately assessed. Thus, despite the existence of one clearly defined effect, which has
a molecular basis, it is difficult to generalize about the role of vitamin B, in carcinogenesis.

Copyright © National Academy of Sciences. All rights reserved.
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The complex interrelationships between the B vitamins and other dietary components have been thoroughly
examined in studies of diets deficient in lipotropes (e.g., methionine, choline, and folate) and high in fat content
(Rogers and Newberne, 1980). Although the major lipotropes are choline and methionine, folate (and to some
extent vitamin B,,) can also exert lipotropic action. Modulation of carcinogenesis by other vitamins, such as
inositol and vitamin Bg, may contribute to the overall lipotropic activity of these diets. Individual B vitamins
may have enhancing effects on carcinogenesis, depending on experimental conditions. Thus, only carefully
controlled experiments can shed light on the specific contribution of each of the B vitamins. The overall results
clearly demonstrate that the effects of B vitamins on carcinogenesis depend on the specific chemical carcinogen,
the target organ, and the strain and sex of the animal. The relative importance of the individual dietary
components may vary, depending on experimental conditions.

The relationship of the results of the short-term tests to those from in vivo studies for carcinogenicity of
chemicals in animals adds a further complication. These differences in the findings from these two types of
studies have been reviewed for various compounds including aflatoxin B; (Rogers and Newberne, 1969), N-
nitrosodiethylamine (Rogers, 1977), N-nitrosodibutylamine, N-nitrosodimethylamine, N-2-fluorenylacetamide,
7,12-dimethylbenzanthracene, 1,2-dimethylhydrazine, and 3,3-diphenyl-3-dimethylcarbamyl-1-propine (Rogers
and Newberne, 1980). Rogers and Newberne (1980) observed that the most consistent results obtained with
lipotrope-deficient diets in rats were enhancement of hepatocarcinogenesis and, to a lesser extent, of colon
carcinogenesis. These diets do not have a consistent effect on tumor induction in target organs other than the
liver and colon (Rogers, 1977). In many cases, abnormalities in the metabolism of carcinogens can be
demonstrated; however, their effects on tumor incidence cannot always be predicted.

Recently, considerable effort has been expended to determine whether or not the metabolism and transport
of vitamins or the binding of the appropriate coenzyme forms to apoenzymes are altered in tumor cells (Thanassi
et al., 1981; Tryfiates, 1981). For instance, in Morris hepatoma cells, the transport and phosphorylation of
pyridoxine appear to be severely impaired (Thanassi et al., 1981). Effects on the metabolism of riboflavin have
also been reported (Rivlin, 1973), but it is not known whether the observed alterations have any influence on the
modulation of carcinogenesis. The alterations in vitamin Bg metabolism may be due to secondary changes in the
metabolism of amino acids, especially tryptophan (Bell, 1980; Bell et al., 1972; Byar and Blackard, 1977).

The effects on carcinogenesis by the B vitamins cannot be ascribed solely to effects modulating the stages
of initiation or promotion

Copyright © National Academy of Sciences. All rights reserved.
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(Pitot and Sirica, 1980). These vitamins may also modulate other processes such as immunosurveillance, which
may affect the ultimate outcome of carcinogenesis. Impairment of the immune function has been demonstrated in
pyridoxine-deficient animals (Axelrod and Trakatellis, 1964), and it seems likely that major disruption of energy
or carbohydrate metabolism by deficiencies of riboflavin or thiamine, as well as disruption of normal cell
replication by deficiencies in folate or vitamin Bj,, would affect immune surveillance. Because of the
interrelationships among the B vitamins and their relationships with other major dietary components, it is
difficult to explain specifically the effects on promotional events (Diamond et al., 1980).

The modulation of carcinogenesis by the B vitamins under conditions of normal dietary intake is probably
minimal. However, a change of intake of a specific B vitamin may be warranted when a specific chemical
carcinogen is present.

Summary and Conclusions

The relationship of dietary B vitamins to the occurrence of cancer has not been studied epidemiologically.
There have been a few inadequate laboratory investigations to determine whether there is a relationship between
the various B vitamins and the occurrence of cancer. Therefore, no conclusions can be drawn.

Copyright © National Academy of Sciences. All rights reserved.
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10

Minerals

Very few epidemiological studies have been conducted to determine the relationship between minerals and
the incidence of cancer in humans. This is due partly to the difficulty of identifying populations with
significantly different intakes of the various minerals. In contrast, there have been numerous studies in laboratory
animals. In these investigations, the carcinogenic effects of many metals, administered at high doses to the
animals parenterally, have been well established and have been reviewed extensively (Furst, 1979; Sunderman,
1977). However, the results of these studies have shed little light on the potential carcinogenic risk posed by
trace elements in the amounts occurring naturally in the diet of humans.

Very few feeding studies have been conducted to test the carcinogenicity of trace elements in animals. The
carcinogenic action of these elements is difficult to test in animals because some of them are toxic at levels that
exceed dietary requirements, and because it is difficult to control synergistic interactions of the element under
investigation with other elements that may contaminate air, diet, and drinking water. This chapter contains an
evaluation of a few of those trace elements that are nutritionally significant and suspected of playing a role in
carcinogenesis. The committee sought evidence primarily from those experiments in which the element was fed
to the animal or from epidemiological reports of exposure through diet. Results obtained from laboratory
experiments using other routes of exposure, or evidence from occupational exposure of humans, are described
briefly when sufficient information about dietary exposure could not be found. The effects of both the
deficiencies as well as excessive intakes of minerals are also discussed in this chapter.

Schroeder and his associates investigated the carcinogenicity of trace elements in a series of large
experiments extending over 15 years (Kanisawa and Schroeder, 1967; Schroeder and Mitchener, 1971a,b, 1972;
Schroeder et al., 1964, 1965, 1968, 1970). Animals were raised in an environment that permitted maximum
control of trace element contamination; they were fed one diet of known composition; and they were observed
for their lifetime. The following elements were studied in at least 50 mice and/or rats per treatment: fluorine,
titanium, vanadium, chromium, nickel, gallium, germanium, arsenic, selenium, yttrium, zirconium, niobium,
rhodium, palladium, cadmium, indium, tin, antimony, tellurium, and lead. These elements were added to the
drinking water at levels of 5 mg/liter, except for selenium (3 mg/liter) and tellurium (2 mg/liter). These levels
(approximately 100 times greater than the concentrations present naturally in the diet) did not significantly affect
growth and survival of the animals. The interpretation of these findings of no

Copyright © National Academy of Sciences. All rights reserved.
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effects or minimally significant effects must be cautious, in view of the small number of animals used. Only
rhodium and palladium (tested in mice only) showed any signs of carcinogenicity, but as Schroeder and
Michener (1971a) stated, “The results were at a minimally significant level of confidence.” Further studies are
needed to confirm these findings. Schroeder also reported that selenate, but not selenite, increased the incidence
of spontaneous malignant mammary and subcutaneous tumors in rats after lifetime exposure (11 in 75 controls
vs 20 in 73 selenate-fed animals). These results were not confirmed in similar studies in mice. (The effects of
selenium on carcinogenesis are discussed in further detail below.) None of the remaining elements examined
increased tumor incidence. A significant reduction in tumor incidence was observed in mice fed arsenic and
cadmium and in mice and rats fed lead.

SELENIUM

Signs of chronic selenium toxicity in animals have been recognized for almost 700 years, but selenium was
not identified as the responsible agent until the 1930's. Twenty years later, the economic importance of selenosis
and selenium deficiency for animal producers became apparent. This discovery stimulated the mapping of
selenium distribution in the soils, forages, and tissues of humans in several continents. Extreme differences of
exposure were delineated, even within individual countries. This knowledge enabled investigators to make
epidemiological correlations of diseases, including cancer, in humans and animals and to conduct laboratory
experiments to test the resulting hypotheses (National Academy of Sciences, 1971).

Epidemiological Evidence

Selenium has been reported as having a possible protective effect against cancer. Shamberger and
colleagues correlated selenium levels in forage crops (grouped into high, medium, and low categories) with
cancer mortality by state in the United States (Shamberger and Frost, 1969; Shamberger and Willis, 1971;
Shamberger et al ., 1976). They found an inverse relationship in both males and females, especially for cancers
of the gastrointestinal and genitourinary tracts. In other studies, Schrauzer and coworkers correlated per capita
intake with cancer mortality rates in more than 20 countries (Schrauzer, 1976; Schrauzer et al., 1977a,b). The
consumption estimates were based on international food disappearance data for major food sources (e.g., cereals,
meat, and seafoods) to which the investigators attributed plausible mean selenium values. They found an inverse
relationship between selenium intake and leukemia as well as with cancers of the colon, rectum, pancreas, breast,
ovary, prostate, bladder, lung (males), and skin. Using pooled blood samples from healthy donors in 19 U.S.
states and 22 countries, they also correlated blood levels of selenium with corresponding cancer mortality rates.
They found significant inverse relationships for most of these same sites.

Copyright © National Academy of Sciences. All rights reserved.
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Shamberger et al. (1973) compared the blood selenium levels in more than 100 cancer patients with those in
48 normal subjects attending a clinic. The levels in patients with gastrointestinal cancers and Hodgkin's disease
were significantly lower than those in the normal subjects, but there were no differences between the normal
subjects and patients with cancers at other sites, such as the breast. It is not clear from this study whether the
observed difference in the selenium levels was the result or the cause of the cancers.

Jansson et al. (1975, 1978) examined cancer mortality rates in the United States by county. They compared
the rates in the northeastern part of the country with corresponding levels of selenium in the water supply. In
contrast to other investigators, they reported a direct correlation between mortality from colorectal cancer and
selenium levels in the drinking water.

Experimental Evidence

Carcinogenicity. During the past 40 years selenium has been alternately described as a carcinogen and an
anticarcinogen, on the basis of experiments on animals. Because studies conducted during the 1940's showed that
high levels of selenium induced or enhanced tumor formation, the Food and Drug Administration until recently
prohibited the enrichment of animal feeds with selenium, even in areas with established selenium deficiency. In
contrast to the results of the earlier investigations, more recent studies by several independent investigators have
established that dietary selenium has a protective effect against tumors induced by a variety of chemical
carcinogens or at least one viral agent.

A critical review of the experimental conditions suggests that the earlier studies demonstrating carcinogenic
or promoting properties of selenium can be faulted on the basis of experimental design. Nelson et al. (1943) fed a
12% protein diet to 18 control rats and to 126 rats whose diet was enriched with selenium (5, 7, and 10 p g/g) as
seleniferous grain or selenides. Fifty-three of the test animals and 14 of the controls survived to an age of 1.5 to 2
years. The livers of the control rats were normal, but all animals fed the high selenium diet had liver cirrhosis. Of
these, 11 had developed nonmetastasizing adenomas and the rest showed hyperplasia. These findings can be
attributed to a combination of two insults: the near toxic levels of selenium and the marginal protein content of
the diet.

Harr et al. (1967) investigated the effect of selenium on tumor formation in 1,437 rats fed a range of
selenium levels for as long as 30 months. Eighty-eight rats were also fed 2-acetylaminofluorene (2-AAF) along
with selenium. The experimental design also included a repetition of the earlier experiment by Nelson et al.
(1943), i.e., a marginal protein diet was supplemented with selenium as selenate at 0.5, 2.4, or 8 pg/g. As
expected, diets containing selenium in concentrations

Copyright © National Academy of Sciences. All rights reserved.
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higher than 8 p g/g were toxic and killed the rats within the first month. The rats fed the two lower levels
survived for more than a year. Autopsies and histological examinations performed on 1,123 of the rats on various
dietary treatments provided no evidence for a carcinogenic effect of selenium. Forty-three tumors occurred in 88
of the rats fed 50 or 100 pg/g of AAF diet without added selenium; the rest of the autopsied animals exibited 20
neoplasms, randomly distributed, regardless of the level of dietary selenium. Although there were no hepatic
tumors in any autopsied animals that did not receive the carcinogen, approximately half of the selenium-
supplemented rats that survived for more than 9 months had hyperplastic lesions in the liver, whereas none
occurred in the controls.

In another series of studies, Volgarev and Tscherkes (1967) measured the effect of selenium in 200 rats, but
they did not use a selenium-free control group. In the first experiment, 40 rats were fed selenium as selenate at
4.3 to 8.6 pg/g of diet. All animals developed liver cirrhosis, 10 had neoplastic tumors, 4 had precancerous
lesions, and 9 were unaffected. In a second experiment, only 5 neoplasms were observed among 60 rats. The
third experiment failed to produce any tumors in 100 animals.

Schroeder and Mitchener (1971b, 1972) studied the effect of selenium supplementation (2 to 3 mg/liter in
drinking water as selenate or selenite) in lifetime experiments with rats and mice. Neither form of selenium
affected the incidence of tumors in mice, and selenite had no effect in rats. Specifically, no hepatic cirrhosis was
observed. However, following an epidemic of pneumonia in the rat colonies, there were 30 tumors in 73 animals
in the selenate group, but only 20 in 75 animals in the controls.

Antitumorigenic Effects. A large accumulation of evidence indicates that supplementation of the diet or
drinking water with selenium protects against tumors induced by a variety of chemical carcinogens and at least
one viral agent (Table 10-1). Although most investigators found that tumor incidence in the selenium-
supplemented animals was approximately one-half that of the control animals, Schrauzer et al. (1978) reported
that spontaneous breast tumors in female C3H mice were reduced from 82% in controls to 10% in the selenium-
supplemented animals. In all but two of the experiments, comparisons were made between controls receiving
diets with nutritionally adequate selenium levels and test animals fed diets supplemented with selenium levels 20
to 50 times higher than the animal's requirements. In the remaining two experiments, Harr et al. (1972) and Ip
and Sinha (1981) used selenium-deficient diets and demonstrated beneficial effects of selenium supplementation
at levels close to the physiological requirement. Of special nutritional importance is their finding that the
incidence of tumors induced by 7,12-dimethylbenz[a] anthracene (DMBA) was enhanced by diets high in
polyunsaturated fatty acids and by dietary deficiency of selenium. Supplementation with physiological levels of
selenium (0.1 pg/g diet) resulted in protection against tumor formation (Ip and Sinha, 1981).
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MINERALS

TABLE 10-1 Effect of Selenium on Tumor Incidence

Carcinogen or Tumor Type Method of Dose of Effect References
Application Selenium (pg/g
Diet)
3'-Methyl-4- In diet for 2 weeks, 5 50% reduction in Clayton and
dimethylaminoazobenzene (3'- then selenium in tumor incidence Baumann, 1949
MeDAB) diet for 4 weeks
7,12-Dimethylbenz[a] In diet 1.0 Reduced Shamberger, 1970
anthracene (DMBA) incidence of skin
papilloma
2-Acetylaminofluorene (2-AAF)  In selenium- 0.5,2.5 Reduced Harr et al., 1972
deficient diet for incidence of
200 days hepatic and
mammary
neoplasia
1,2-Dimethylhydrazine (DMH) Weekly injection 4 50% reduction in Griffin, 1979
incidence of
colon cancer
Methylazoxymethanol (MAM) Weekly injection 4 No effect Griffin, 1979
3'-MeDAB In diet for 8 weeks 6 Reduced Griffin, 1979
incidence of liver
tumors
3'-MeDAB In diet for 9 weeks 2,4 Reduced Griffin, 1979
incidence of liver
tumors even
when selenium
was given during
final stage of
study
Spontaneous mammary tumor Virally transmitted 2 Decreased tumor Schrauzer et al.,
incidence; no 1978
effect on
transplanted
tumor
Mammary tumor Virally transmitted 2,6 Decreased tumor Medina and
incidence; no Shepherd, 1980
effect on
transplanted
tumor
N-Nitrosomethylurea (NMU) One intraperitoneal 5 Reduction of Thompson and
injection 7 days after cancers per rat Becci, 1980
injection of
carcinogen
Ascites tumor cells One intraperitoneal 2 ng/g body Reduction of Greeder and
injection wt.; 9 injections tumor growth Milner, 1980
in 3 weeks
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MINERALS 167

Although these data indicate that selenium has an antitumorigenic effect, they provide no information on the
mechanism of action or on the stage of tumor development during which selenium might exert its protective
action. In at least two studies, selenium was introduced only after the carcinogen was applied and led to a
reduction in tumor incidence. Schrauzer et al. (1978) stated that the selenium levels in the recipient animals do
not influence the fate of transplanted tumor cells; others observed a strong reduction in the growth of inoculated
Ehrlich ascites cells in recipient animals injected with high doses of selenium compounds for 3 weeks after the
inoculation (Greeder and Milner, 1980).

Mutagenicity. In vitro studies have not shed much light on the mechanisms of action of selenium. On the
one hand, selenium concentrations from 0.1 to 40 mM exert antimutagenic effects against a variety of mutagens
in vitro, including the naturally occurring mutagen malonaldehyde (Jacobs et al., 1977; Shamberger et al., 1978).
On the other hand, similar concentrations of selenium have been reported to increase DNA fragmentation and
chromosome aberrations in human and microbial cell cultures (Lo et al., 1978; Nakamuro et al., 1976). These
contrasting reports cannot be reconciled.

Potential Mechanisms of Action. There are data suggesting that selenium in vitro and in vivo may decrease
the activity of hydroxylating enzymes that activate procarcinogens and may increase a detoxifying enzyme--
glucuronyl transferase (Griffin, 1979). These results suggest that selenium acts during the early stages of
initiation.

The best known functions of selenium at nutritionally adequate, but not at excessive, levels are its role as a
part of the enzyme glutathione peroxidase and its interaction with heavy metals. Glutathione peroxidase destroys
hydroperoxides and lipoperoxides, thereby protecting the constituents of the cells against free radical damage. Ip
and Sinha (1981) have shown that selenium, through its function in glutathione peroxidase, could well be
involved in protecting against cancer induced by high intakes of fat, especially polyunsaturated fatty acids.
Glutathione peroxidase activity in human blood increases with increasing selenium intakes, but reaches a plateau
at intakes well below those customary in the United States (Thomson and Robinson, 1980). Thus, if the
antitumorigenic effect of selenium is mediated through its function in glutathione peroxidase, attempts to
increase the enzyme activity by selenium supplementation, superimposed on an adequate diet in the United
States, would not be successful.

The second function of selenium is to protect against acute and chronic toxicity of certain heavy metals.
Although selenium is known to interact with cadmium and mercury, the mechanism of action is not known.
Selenium does not cause an increased elimination of the toxic elements, but, rather, an increased accumulation in
some nontoxic form (National Academy of Sciences, 1971). It is conceivable that carcinogenic effects of these,
and perhaps other heavy metals, could be counteracted by selenium, in a manner similar to its protection against
their general toxicity.

Copyright © National Academy of Sciences. All rights reserved.
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Summary

Epidemiological Evidence. The epidemiological evidence pertaining to the relationship between selenium
and cancer is derived from a limited number of geographical correlation studies in which the risk of cancer was
correlated with estimates of per capita selenium intake, with the selenium levels in blood specimens, or with
selenium concentrations in water supplies. Although these studies generally demonstrated an inverse relationship
between the level of selenium and the risk of cancer, it is not clear whether this relationship applies to all cancer
sites or only to specific cancer sites, such as those in the gastrointestinal tract. There are as yet no data from case-
control or cohort studies.

Experimental Studies. Numerous experiments in animals have demonstrated an antitumorigenic effect of
selenium. The relevance of most of these studies to the risk of cancer for humans is not apparent since the levels
of selenium used far exceeded dietary requirements and often bordered on levels that might be toxic. However,
one experiment has demonstrated increased susceptibility to DMBA-induced tumors when selenium deficiency
was aggravated by high dietary levels of polyunsaturated fatty acids, and protection by a physiological
supplement of selenium (0.1 pg/g) to the diet (Ip and Sinha, 1981). The interpretation of these results is further
complicated because of the varied protocols used in these experiments and the knowledge that selenium interacts
with many other nutrients, such as heavy metals in the diet.

The minimum requirement for selenium in mammalian species is 0.05 pg/g of diet, one-hundredth of the
levels used in many studies of carcinogenesis. A level of 4 or 5 pug/g may not be acutely or even chronically toxic
when fed along with a well-balanced, nutritious diet, but it becomes chronically toxic when the quality of the diet
is lowered, for example when the protein content is reduced. At least two experiments have demonstrated that
selenium deficiency enhances carcinogenesis and that physiological amounts of selenium have a significant
protective effect. The effectiveness of doses in the wide range between the nutritionally adequate and the higher,
effective level used in many antitumorigenic studies has not yet been adequately investigated. The data on the
mutagenicity of selenium compounds are also contradictory. However, these experiments provide sufficient
evidence to suggest that the antitumorigenic effect of selenium should be investigated further. Recent data do not
support the earlier reports that elenium per se is carcinogenic.

Conclusion

Both the epidemiological and laboratory studies suggest that selenium may offer some protection against
the risk of cancer. However, firm conclusions cannot be drawn on the basis of the present limited evidence.
Increasing the selenium intake to more than 200 pg/day (the

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/371.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

(0]
(2]
©
o
o
.
(0]
©
(0]
(2]
£
>
T
g
C
[0
o
Q
[&]
[v]
c
(0]
[0
Ke]
[0
>
©
c
>
(0]
€
[2]
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
Z
[0
£
(o]
(1)
o
C
©
=l
[0
£
©
T
(0]
o
[0}
Ke)
=
[e]
c
C
(]
o
2
[0
>
[
2
o
N
-
C
=
(]
€
£
o]
S
ge)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(7]
[0
o
>
Z
-
(0]
L
<
(o]
ie)
C
©
@
2
>
=
2]
()]
£
©
©
[0
Ny
g
x
[43]
(0]
o
o
©
o
o
2
;
L
=
[®)]
c
K9]
[0
£
)
£
o
2
o
(0]
L
=
[e]
ie

o
iel
=
>3
2
=
=]
©
=
<}
Rel
c
kel
7]
&2
o
>
[
=
=
©
8
=
e}
<
=
>
®©
©
<
£
(2]
©
o
hel
=
T
o
s}
>
a
k2
<=
S
b
s}
c
kel
7]
&2
o
>
=
c
=
S
©
<
£
©
%}
S

MINERALS 169

upper limit of the range of Safe and Adequate Daily Dietary Intakes published in the Recommended Dietary

Allowances [National Academy of Sciences, 1980b]) by the use of supplements has not been shown to confer

health benefits exceeding those derived from the consumption of a balanced diet.

ZINC

Zinc is an essential constituent of more than 100 enzymes and is essential for life. Through its function in
nucleic acid polymerases, zinc plays a predominant role in nucleic acid metabolism, cell replication, tissue
repair, and growth (Prasad, 1978). Severe zinc deficiency in humans has been known for 20 years; more
moderate forms have been linked to protein-energy malnutrition. Marginal zinc deficiency is suspected to occur
in a substantial number of infants and older children in the United States (Prasad, 1978).

Pronounced zinc deficiency in animals and humans results in depressed immune functions. Both tissue-
mediated and humoral responses are affected. Golden etal. (1978) have observed that impairment of delayed
hypersensitivity reactions to Candida albicansantigen in malnourished children can be normalized by topically
applied zinc preparations, but it is not known whether or to what degree immunocompetence is impaired by
marginal zinc deficiency.

Epidemiological Evidence

There have been few epidemiological studies of the relationship between exposure to zinc and risk of
cancer. Stocks and Davies (1964) correlated cancer mortality with the zinc and copper content of soil in 12
districts of England and Wales. They found higher zinc levels and higher ratios of zinc to copper in the soil of
vegetable gardens near houses in which a death from gastric cancer had occurred than in the soil of gardens near
houses in which there was a death attributed to another cause. The levels near houses with deaths from “other
cancers” did not differ from those of the noncancer households. These analyses were made only when the
deceased had resided in the same house for 10 or more years. Since the copper levels in soil varied little, the
differences could be attributed to zinc.

Schrauzer et al. (1977a,b) examined per capita food intake data in 27 countries. They found a direct
correlation between estimated zinc intake and age-adjusted mortality from leukemia and cancers of the intestine,
breast, prostate, and skin. Based on these findings and the inverse correlation between zinc and selenium
concentrations in blood, they suggested that zinc increases cancer risk by its antagonism of selenium.

Van Rensburg (1981) observed that wheat and corn are the primary dietary staples in many populations at
high risk for esophageal cancer

Copyright © National Academy of Sciences. All rights reserved.
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around the world. In contrast, the staples in low-risk populations include millet, cassava, yams, and peanuts.
Since diets based on wheat and corn generally contain low concentrations of zinc, magnesium, nicotinic acid,
and possibly riboflavin, he suggested that a deficiency of one or more of these micronutrients might be
etiologically related to esophageal cancer.

A number of investigators have examined the relationship between cancer and levels of zinc in blood and
other body tissues. Schrauzer et al. (1977b) found that mean zinc concentrations in pooled blood from healthy
donors in 19 U.S. collection sites correlated directly with corresponding mortality rates from cancers of the large
bowel, breast, ovary, lung, bladder, and oral cavity. Zinc and selenium levels in the blood were inversely
correlated with each other. Strain et al. (1972) compared zinc and copper levels in the serum of patients with
bronchogenic carcinoma and the levels in the serum of controls. Although zinc levels did not differ between the
two groups, the copper levels were lower in the controls, resulting in higher ratios of zinc to copper in the cancer
patients. On the other hand, Davies et al. (1968) reported that zinc levels in the plasma of bronchogenic
carcinoma patients were lower than those of other cancer patients and lower than normal laboratory values.

Lin et al. (1977) examined serum, hair, and tissues from Chinese men in Hong Kong for levels of zinc and
other minerals. They found that levels of zinc in serum and diseased esophageal tissue from esophageal cancer
patients were much lower than those in other cancer patients and in normal subjects. Zinc levels in hair were
lower in both cancer groups than in normal subjects. The serum of esophageal cancer patients also contained
slightly elevated copper levels and much lower iron levels than the serum of normal subjects. Gydrkey et al.
(1967) reported that zinc concentrations in malignant prostatic tissue were lower than those in normal tissue,
whereas benign hypertrophied prostatic tissue contained higher zinc levels. In all of these studies, the altered zinc
levels may have followed, rather than preceded, the onset of the cancers.

Experimental Evidence

Experiments in animals have demonstrated both enhancing and retarding effects of zinc on tumor growth.
Several reports suggest that a zinc deficiency strongly inhibits the growth of transplanted tumors in animals and
prolongs survival time. The studies by Petering et al. (1967) with transplanted Walker 256 carcinoma in rats
were confirmed by DeWys et al. (1970) and extended to other types of tumors, such as leukemias, Lewis lung
carcinoma (DeWys and Pories, 1972), Ehrlich ascites tumor (Barr and Harris, 1973), P388 leukemia (Minkel et
al., 1979), and plasmacytoma TEPC-183 (Fenton et al., 1980). The results of these studies are consistent with the
knowledge that rapidly growing tumor cells require zinc for growth; however, they do not suggest zinc
deficiency as a therapeutic modality because zinc deficiency by itself, with or without concomitant malignancies,
results in death of the animals.

Copyright © National Academy of Sciences. All rights reserved.
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The results of these studies contradict reports indicating that zinc deficiency enhances chemically induced
carcinogenesis. For example, Fong et al. (1978) observed that the incidence of esophageal tumors induced by
nitrosomethylbenzylamine (NMBA) was significantly higher in zinc-deficient rats than in control rats. The
intragastric intubation of NMBA in a dose of 48 pg/g body weight resulted in a 15% incidence of carcinoma in
control rats fed ad libitum and a 43% incidence in rats maintained on zinc-deficient diets. In two consecutive
experiments, lowering the dose of NMBA to 34 pg/g body weight produced no cancer in the control rats, but
83% and 33% in the zinc-deficient animals. In contrast, some studies have indicated that zinc intake greatly
exceeding nutritional requirements suppresses carcinogenesis induced by DMBA in Syrian hamsters (Poswillo
and Cohen, 1971) or by azo dyes in rats (Duncan and Dreosti, 1975). But Schrauzer (1979) demonstrated that
high concentrations of zinc (200 mg/ liter) in the drinking water of C3H mice countered the protective effect of
selenium against spontaneous mammary carcinoma and resulted in a significant increase in tumor growth.

These contradictory reports are not easily reconciled. Perhaps there are two different mechanisms of action
by which zinc influences two different phases of carcinogenesis: Zinc, perhaps through its effect on the immune
system, may be protective during the early phases of transformation, whereas the demonstrated role of zinc in
cell proliferation may explain the protective effect of zinc deficiency against the growth of established tumors.
Furthermore, numerous interactions of zinc with other trace elements, such as selenium, are incompletely
understood. Thus, the evidence is insufficient to determine the answer to an important question: Does marginal
zinc deficiency, believed to be widespread, especially among children, present a risk for or provide protection
against carcinogenesis?

Summary

Epidemiological Evidence. There are few epidemiological data concerning dietary zinc and cancer. Some
studies have suggested that higher levels of dietary zinc are associated with an increase in the incidence of cancer
at several different sites, including the breast and stomach, and other studies have reported lower levels of zinc in
the serum and tissue of patients with esophageal, bronchogenic, and other cancers, compared to corresponding
levels in controls. However, the possibility that the lower serum and tissue levels resulted from the cancer itself
has not been ruled out.

Experimental Evidence. Experiments in animals have shown that zinc can either enhance or retard the
growth of tumors. Zinc deficiency appears to retard the growth of transplanted tumors, whereas it enhances the
incidence of some chemically induced cancers. In some experiments, dietary zinc exceeding nutritional
requirements has been shown to suppress chemically induced tumors in rats and hamsters, but when given in

Copyright © National Academy of Sciences. All rights reserved.
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drinking water it counteracts the protective effect of selenium in mice. These data are insufficient to explain the
effects of zinc and of interactions between zinc and other minerals on tumorigenesis.

Conclusion

The epidemiological evidence concerning zinc is too sparse and the results of laboratory experiments too
contradictory to permit any conclusion to be drawn. In view of the important nutritional role of zinc and of its
many interactions with other minerals involved in carcinogenesis, additional research is warranted to resolve the
contradictory results.

IRON

Epidemiological Evidence

Iron deficiency has been associated with cancers of the upper alimentary tract including the esophagus and
stomach. In epidemiological studies conducted in Sweden, iron deficiency was associated with Plummer-Vinson
(Paterson-Kelly) syndrome, which in turn was associated with increased risk for cancer of the upper alimentary
tract (Larsson et al., 1975; Wynder et al., 1957). Improved nutrition, especially with regard to iron and vitamins
in the diet, has been associated with the virtual elimination of new cases of Plummer-Vinson disease in areas of
Sweden where it had formerly been highly endemic (Larsson et al., 1975).

Broitman et al. (1981) studied iron-deficient patients with antecedent lesions of gastric carcinoma in an area
of Colombia with high risk for this cancer. They found that hypochlorhydria and achlorhydria, which are
associated with chronic atrophic gastritis resulting from iron deficiency, permitted bacterial colonization of the
stomach. The investigators postulated that these bacteria could reduce ingested nitrate to nitrite, leading to the
formation of nitrosamines that are carcinogenic in the stomach of laboratory animals, and are suspected of being
carcinogenic in humans. A similar mechanism was suggested by Ruddell et al. (1978) to explain the increased
risk of gastric cancer in patients with pernicious anemia.

There have been no epidemiological reports of cancer associated with increased dietary intake of iron,
although heavy inhalation exposure to high levels of iron xide has been related to increased risk for lung and
laryngeal cancers in miners of iron ore, metal workers, and workers in iron foundries (Cole and Goldman, 1975).
In addition, sarcomata have developed in patients at sites of injection of iron-dextran solutions (MacKinnon and
Bancewicz, 1973; Robinson et al., 1960), and many clinical reports have associated hemochromatosis with an
increased risk for

Copyright © National Academy of Sciences. All rights reserved.
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hepatomas and possibly other hepatic and extrahepatic cancers (Armann et al., 1980; Scott and Theologides,
1974; Steinherz et al.,