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The hypothesis I want to discuss have to do
with fats, fiber, and vitamin A. First, a word
about the various methods of study, particu­
larly in epidemiology. Experiment is the sci­
entific instrument par excellence and as uti­
lized in intervention trials in epidemiology has
been called the most powerful epidemiologic
tool. An example in dietary epidemiology is
the current trial going on among American
doctors whereby they are taking carotene or a
placebo on a random basis.

The criteria for intervention trials have to
be observed very carefully: there has to be ev­
idence in favor of a salutary effect of the sub­
stance being tried. There has to be evidence
that there is no long-term toxicity, and there
has to be the likelihood that the human par­
ticipants will comply with the stated regimen
for years, sometimes, and that the individuals
on the placebo will stay on the placebo. For
various reasons, past large-scale human inter­
vention trials, although costing many millions
of dollars and absorbing huge amounts of time
of investigators, have yielded convincing re­
sults in only a few instances.

The least powerful tool of epidemiology is
the international correlational study. I don't
have to dwell on the drawbacks of these. A
typical study relates the mortality from colon
cancer to the ingestion of fats in populations
in different countries (1). Even though there
is a correlation, this does not prove that fats
cause colon cancer. The proportion of people
involved in manufacturing can be related to
colon cancer in a similar fashion. There is
growing evidence that exercise reduces risk of
colon cancer. We might hypothesize that those
nations requiring a great deal of physical labor;
that is, those nations in which large propor­
tions are not involved in manufacturing sub­
iect their oooulations to much more exercise,
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and this could account for their low mortality
from colon cancer.

A number of people have suggested the
study of nutrients in biological materials to
examine their epidemiological role. This has
the potential for contributing a good deal to
the total of epidemiological evidence, just as
the other two methods do. But even here there
are difficulties. Among other things, we are
interested in the level of serum nutrients be­
cause they may reflect the human behavior
responsible for them. Ifwe are able to identify
dietary behavior which might raise or lower
the level of a given nutrient in the serum, and
which is also related to risk, we may have ev­
idence that this behavior should be changed,
that is, either eliminated or intensified. The
difficulty is, however, that serum nutrients do
not necessarilyreflect dietary behavior. Walter
Willett's inquiry comparing plasma carotene
with that reported in a questionnarie, indicated
a fair amount of correlation, around 0.30 (2).
The same was true of a-tocopherol, but no
correlation was found between dietary retinol
and serum retinol. Hyman did a similar study
and found little correlation between serum
cholesterol and cholesterol as reported in sur­
vey research interviews or 3-day food records
(3). When one considers that the levelof serum
nutrients further might be altered by the dis­
ease or by the therapy for the disease in case­
control studies, one can see other problems.
There are ways of making this tool productive,
however, and we may get to these later.

One way out of the difficultyis a prospective
design; that is, you take blood samples, mea­
sure the level of cholesterol or other nutrient,
and then examine the incidence of disease in
individuals with various levels of the nu­
trient-in this case, cholesterol. An example
is the famous cohort, that from Framingham,
Massachusetts (4). Of course, these studies cost
tremendous amounts of money and take
enormous amounts of time. In some senses
they are definitive, but they rarely yield enough
numbers for multivariate analyses.
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Another approach to study is the analysis
of reported diets by interviews and question­
naires in either case-control studies, retro­
spectively, or in prospective studies. There are
methods of interviewing that can get at dietary
behavior in an approximate but useful way.
There is a good deal of evidence for this. In
1963, we did our first reinterview study where
we compared the answers of individuals to a
food frequency questionnaire to what they had
said on the same questionnaire an average of
18 months earlier (5). On the average, about
89% of the answers on the second interview
reflected those on the first. More recently, we
compared answers of men with those of their
wives as to the men's dietary behavior, and
found that the proportion of spouses agreeing
within one category ranged from 77 to 95%
(6). There was not a great deal of difference
between case-spouse pairs and control-spouse
pairs.

These results are similar to those found by
Kolonel and his colleagues in Hawaii (7).
There have been a fair number of other in­
quiries into the reliability of diet studies and
they concur in assessing the method adequate
to assess dose-response relationships (8, 9).

A very serious problem with dietary ques­
tionnaires is that the most cogent diet for the
test of hypotheses may be that throughout life.
It would include the diet at the time a disease
might have been initiated, maybe two decades
ago, as well as the diet a year or two prior to
the onset ofsymptoms. Thus, the investigator
needs to study diet at various times in life. In
1982, Tim Byers reinterviewed individuals we
had first interviewed in the period 17 to 25
years earlier (10). He found a high correlation
between the original diet and the current diet,
but that a better correlation with original diet
is the current recollection of the original diet.
Thus, in interview studies it is important to
assess changes in diet throughout life.

Another approach hallowed by tradition is
to use animals by studying the way they re­
spond to exposure to given substances. The
difficulties of generalizing from species to spe­
cies are well known. A couple of striking ex­
amples in dietary epidemiology are in the
studies of saccharine, which readily produces
tumors in animals, but which has yet to pro­
duce tumors in people. When Robert Hoover
did a large, nationwide study of the relation-

ship between bladder cancer and uses of pri­
marily saccharine, he found no relationship
(11). Another instance of a contradiction be­
tween human and animal findings is in the
study of alcohol and cancer of the mouth,
esophagus, and larynx. We found an increase
in risk of oral cancer associated with an in­
crease in alcohol consumption (12). A similar
finding was obtained in studies in cultures as
disparate as a group in Puerto Rico (13), in
Paris (14), a couple of populations in New
York City (15), and in Brittany (16). None­
theless, no one has been able to produce tu­
mors in animals with alcohol. Not even Fred
Bock, who tried it with bourbon (17). I would
image that most epidemiologists and nonepi­
demiologists, however, would buy the finding
in humans in spite of the negative finding in
animals.

So all of the various approaches to the study
of human nutrition and risk of cancer have
some drawbacks. On the other hand, they all
have some advantages, and I think it is im­
portant in resolving this dilemma to look for
corroboration from studies of a variety of sorts.
Where this has not been possible, as in the
relationship of alcohol and cancer of the upper
alimentary tract, I think we must rely on ex­
tensive replication in humans to nail the find­
ing down.

The first of the hypotheses I want to discuss
has to do with fiber and colon cancer. Dennis
Burkitt first promulgated the notion that a
high-fiber diet speeds transit time, which less­
ens the amount of time any carcinogen in the
fecal stream might have contact with the gut
lumen. Moreover, high fiber increases bulk
and dilutes any carcinogen present. He based
this hypothesis on the observation that Afri­
cans have much less colon cancer than the
English, and that African school boys have a
lot more fiber in their diets than English school
boys (18). The fact that he was generalizing
from a very young age group to a very old age
group, from one race to another, and from
one culture to another did not deter him. But
there is a certain logic to the hypothesis. Fiber
does seem to dilute the fecal stream, but transit
time seems to be affected in various ways by
fiber. We will hear more later regarding the
production of tumors in animals with fiber.

The most convincing epidemiologic study
is by Baruch Modan, in Isreal (19). I helped.
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We found that colon cancer cases ate signifi­
cantly less fibrous foods than either neighbor­
hood controls or surgical controls in five hos­
pitals in Tel Aviv.However, there are relatively
few other convincing studies. Bjelke seemed
to find a small relationship (20), and Dales in
a study of 77 Blacks in the Bay Area found
that persons with low fiber and high fats inges­
tion had a two-fold risk (21). Our own study,
recently concluded, compared casesfrom Erie,
Niagara, and Monroe counties, the three
counties of Buffalo, Niagara Falls, and Roch­
ester. We found no relationship between the
dietary fiber ingested per month and the risk
of cancer of the colon in either males or fe­
males (22). Our logistic analyses examining
fiber adjusted for fats and calories found,
however, a significantly decreased risk. This is
not unlike Dales' finding. A closeexamination
of risk associated with fiber in deciles of con­
sumption of fats suggested that fiber seems to
have a protective effectin individuals with low
and moderate exposures to fat but has no effect
given high exposure to fat. Despite the real
paucity of case control or prospective data
linking dietary fiber to colon cancer, the hy­
pothesis persists in even what might be called
the best circles, perhaps because of its simple
logic as well as the amount of publicity it has
received. Of course, other nutrients are found
in the same foods that furnish fiber, for ex­
ample, vitamin A.

Vitamin A might be hypothesized to reduce
risk of cancer because of its effecton squamous
epithelial tissue. Lack of vitamin A compro­
mises the integrity of such tissue, perhaps
through increasing the permeability of cellular
walls and their accessability to a carcinogen.
Studies with animals will be examined later.

One of the firststudies in epidemiologydone
on this subject was a cohort study of some
8000 Norwegian males in which their diets
were characterized by Eric Bjelke, using a vi­
tamin A index (20).Dr. Bjelkecompared those
on a low and high index of vitamin A who
smoked various amounts of cigarettes, and he
found that the incidence of lung cancer in
these individuals varied very substantially in
terms of the amount of vitamin A they re­
ported in their diets. For those who had ever
smoked, the incidence was about 7 per 1000
in those ingesting a low amount of vitamin A
as compared to 1.7per 1000 in those ingesting

a large amount. Similar differences with the
two levels of vitamin A occurred throughout.
Our case-control study among Roswell Park
patients came up with a similar finding (23).
The smoking and age-adjusted relative risk of
cancer of the lung decreased with increases in
level of dietary vitamin A ingested. High levels
of retinoids, mainly carotene, in the diet were
involved in statistically significant decreases
in risk for cancer of the lung, bladder, mouth,
larynx, breast, cervix, and ovary. There was
no effect for the gastrointestinal cancers or
cancer of the endometrium. Note especially
that there is an increase in risk of cancer of
the prostate.

The dietary questionnaire which we used in
those days was primitive and contained ques­
tions dealing mainly with vegetable sources of
vitamin A. Note that many of the cancers for
which the carotene seemed to decrease risk
were cancers of squamous cell types. Tim
Byers, as a result, was moved to examine the
relationship between dietary vitamin A and
lung cancer of squamous cell and adenocar­
cinoma types (24). He found the expected in­
hibition of risk with increases in ingestion of
vitamin A for squamous cell carcinoma of the
lung but not for adenocarcinoma of the lung.
Our more recent studies in the three western
New York counties indicated again that car­
otene, but not preformed vitamin A, decreased
risk for cancer of the lung, larynx, and blad­
der (25).

The anomaly in all of this was revealed
when we examined the relative risk of prostate
cancer by monthly ingestion of a number of
nutrients and particularly vitamin A. We
found that as ingestion of vitamin A increases
from the lowest to the highest frequency, the
risk of cancer of the prostate increases signif­
icantly. Larry Kolonel at the University of
Hawaii found the same thing. Heshmat et al.
had a similar finding in a study of 188 Blacks
in Washington, D.C. (27). Although the con­
tradiction is disturbing, it may not be a con­
tradiction at all. I see no reason why a given
anticarcinogen necessarily must be an anti­
carcinogen for all types of cancer. Indeed, var­
ious retinoids have been found to enhance tu­
mors in animals under certain special circum­
stances. The potential vis-a-visincreasing risk
in humans is especially disturbing. We ob­
viously need to study this further, and as soon
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as possible, to determine whether there might
be a true enhancement of risk of cancer of the
prostate and the other diseases with increases
in ingestion of carotene.

The final hypothesis which I wish to discuss
with you is that dietary fats might increase risk
of cancer at a number of sites.

A number of epidemiologic serum choles­
terol studies have been done in prospective
settings. For example, Robert Hiatt studied the
subsequent incidence of cancer of the breast
in 87,000 women who had their serum cho­
lesterol measured earlier and found no differ­
ence in incidents with increases in serum cho­
lesterol (28). Similarly, Manning Feinleib
summarized results of a large number of pro­
spective studies which assessed serum choles­
terol at the beginning of the study and mea­
sured the subsequent cancer mortality among
those individuals exhibiting various levels of
serum cholesterol (29). He found an inverse
relationship in these particular studies, that is,
an increase in serum cholesterol was associated
with a decrease in total cancer mortality. In
Framingham, this was true even after sub­
tracting cases which developed within 10 years
of taking the bloods (4). In an equally large
number of studies, he found no relationship
(29). In no instance did he find that an increase
in serum cholesterol was related to an increase
in incidence of cancer.

One of the earliest dietary studies was that
done by Haenszel among the Japanese ofHa­
waii and the Japanse of Japan (30). He ob­
tained contradictory results. Thus, the Ha­
waiian Japanese, who frequently ingested beef
had a twofold relative risk as compared to
those who infrequently ingested beef. In Japan,
however, no such difference was observed. The
same thing was found for total meat and pork.
On the other hand, there are a large number
of studies which are positive. Lubin et al.
found an increase in risk ofbreast cancer with
increases in ingestion of meats and fish, beef
and pork, and total animal fat (31). All of this
was indicated in a very brief dietary question­
naire. They found no difference for foods con­
taining cholesterol. Hinds et al. did a similar
study of cancer of the lung as related to dietary
cholesterol and found an increase in risk with
an increase in ingestion as measured by an
index based upon reported diet (32).

Results of our study of cancer of the cervix
showed increased risk associated with in­
creased ingestion of animal fat (33). Also, in­
dividuals eating high levels of carotene were
at only 22% of the risk of individuals not doing
so. In our study of cancer of the prostate in
RPMI patients, there was an increase in risk
with increases in ingestion of animal fats for
both the younger and the older patients (34).

In the case of cancer of the esophagus, two
studies, one by Ziegler on 120 Blacks in
Washington, D.C. (35) and another by Tuyns
on 740 cases and 1300 controls in Calvados,
France (36), showed decreases in risk with in­
creasing ingestion of fresh meat and fish and
vegetables and fruits, adjusted for tobacco and
alcohol ingestion. This replication of findings
at oods with the current fat hypothesis in two
very careful and sophisticated studies suggests
either there is an exception to the theory for
this specific site or that the fats hypothesis in
general needs further examination.

Our current study, which is now in the pro­
cess of analysis, based upon the three western
New York counties, shows an increase in risk
of cancer of the mouth and colon with an in­
crease in fats ingestion. The relationship is not
simple, however. To focus on cancer of the
colon specifically, fats, calories, obesity, and
caloric expenditure may interact in a complex
fashion to affect risk. Risk of cancer of the
colon increases with an increase in the inges­
tion of fats per month as reported on dietary
interviews. Moreover, there was an increase
in risk of cancer of the colon with increases
in ingestion of total calories.

One might hypothesize on the basis of these
data that the obese individual would have the
higher risk of cancer. Indeed, as the Quetelet
Index increased, suggesting higher obesity, the
risk of colon cancer similarly increased both
for males and females. When we examined
the risk associated with obesity adjusted for
fats, calories, and fiber in a logistic analysis,
obesity continued to be related to higher risk
of cancer of the colon. Thus, it could be that
the ingestion of calories not expended may
lead to the obesity which carries higher risk.
This suggests the potential importance of
physical exericse.

There have now been five inquiries into the
relationship between exercise and risk of colon
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cancer, including our two (37-41). Our first
study examined the relationship between co­
lon cancer and exercise required on all jobs
held throughout life. As the proportion oflife
in sedentary activity increased, so did the risk
of cancer of the colon, adjusted for age (37).
In our second inquiry, we found something
similar in the Washington State population
(38). In females we found a reduction in risk
of breast and colon cancer associated with in­
creased physical activity. Exercise thus may
function to reduce risk, but this certainly needs
further replication.

In a very impressionistic way, my own as­
sessment ofthe current state ofknowledge with
regard to fats and carotene is as follows: It
would appear that there are a very few studies
suggesting that fats increase risk of cancer of
the mouth, larynx, lung, colon, bladder, pros­
tate, cervix, and breast, and there are a very
few studies suggesting that carotene is asso­
ciated with decreases in risk of cancer of the
mouth, larynx, esophagus, lung, bladder, cer­
vix, ovary, and breast. However, in almost ev­
ery case, the risks associated with these factors
are small, ranging from 1.8 to 2.5.

There is very little replication of the rela­
tionship between diet and a number of very
important sites such as breast, prostate, colon,
and lung cancer, and none on less frequently
occurring cancers such as melanoma and can­
cer of the mouth, cervix, bladder, endome­
trium, and ovary. Again, there are very im­
portant anomalies, particularly the possibility
that carotene may increase risk of prostate
cancer and the decrease in risk of esophageal
cancer with increases in fats ingestion. We
might ask ourselves whether some apparent
nutrient villians might decrease risk in some
situations. One could ask why has gastric can­
cer decreased over the last three offour decades
in such precipitous fashion.

The finding with regard to the Quetelet In­
dex, suggesting an increase in risk of colon
cancer with an increase in obesity, has been
found in the past also for cancer of the breast
and endometrium. It needs to be investigated
for a large number of different cancers, and
this implies that we need to conduct further
studies of the relationship between exercise,
calories ingestion, fats ingestion, obesity, and
disease. Exercise, more and more, is beginning

to appear as a panacea, just as fats may be a
culprit, in the risk for coronary heart disease
as well as cancer. As so often in modem epi­
demiology, we are again involved in multifac­
toral etiologies. We have more and more to
be aware of the interaction of factors to either
enhance or inhibit risk.
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