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I. Introduction

There is growing interest, both within the scientific community and the
general public, in the relationship between diet and cancer etiology. Attest-
ing to this interest is a rapidly expanding scientific literature as well as many
articles in commonly read lay periodicals and newspapers. This literature,
considered in sum, is complex and frequently contradictory and is thus
confusing for the critical reader.

Much of the complexity in nutrition—cancer literature results from the
multidisciplinary nature of the field. Nutritionists, clinical physicians, epi-
demiologists, biochemists, pathophysiologists, and a variety of other profes-
sionals, each sharing a common conviction that nutritional factors are of
some consequence in cancer risk, must glean from the language and logic of
each other’s discipline those findings which integrate with their own. The
complexity of the literature, however, is also reflective of the underlying

1
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2 TIM BYERS AND SAXON GRAHAM

complexity and uncertainty of the nutrition—cancer connection itself. At the
present stage of incomplete understanding, we often must take large in-
ferential leaps as we travel the road from jncomplete biological understand-
ing to personal dietary choices to public dietary policy.

Awareness of the possible relationship between diet and health is not new.
Over 400 years before the birth of Christ, Hippocrates wrote (Adams, ed.,
1939):

this I know, moreover, that to the human body it makes a great difference whether the
bread be fine or coarse; with or without the hull, whether mixed with much or little water,
strongly wrought or scarcely at all, baked or raw. . . Whoever pays no attention to these
things, or, paying attention, does not comprehend them, how can he understand the
diseases which befall man? For, by everyone of these things, man is affected and changed
this way or that, and the whole of his life is subjected to them, whether in health,
convalescence, or disease. Nothing else, then, can be more important or more necessary
to know than these things.

Despite Hippocrates’ early interest in diet and health, research in the area of
the nutritional factors in cancer etiology is still in its early stages of develop-
ment, particularly investigations involving humans. Because of the advan-
tages of experimental study designs, we know much more about the nutri-
tional requirements and the implications of nutritional excesses and de-
ficiencies in most experimental animals than we do about the human species.
Understanding the relationship between nutritional factors and cancer risk
in humans has been impeded until recently by the necessity to restrict
research to observational rather than experimental studies. Within the
framework of observational studies, there are many uncertainties, the most
important of which in diet and cancer research is the valid measurement of
diet.

In recent years there have been several assessments of the literature of
nutritional factors and cancer etiology. These essays have varied in scope,
detail, and emphasis. Table 1 lists a selected sampling of the more recent
reviews on nutrition and cancer etiology, but it is by no means a complete
listing. The purpose of this article is to review critically and in more detail
than previously the various observational studies of diet and cancer etiology
in humans. Because of this emphasis, we will mention only briefly the
pertinent experimental research which generates or tests hypotheses for
human epidemiologic research. The reader who wishes more detailed infor-
mation regarding experimental or metabolic studies is referred to the appro-
priate references in Table I. Only nutritional factors which occur prior to the
onset of cancer will be discussed. The many nutritional consequences of
cancer, which are extremely important in the clinical management of the
cancer patient, have been addressed by other authors (Van Eys, 1979) and
will not be included in this review.
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TABLE 1
SELECTED Essays ON THE RELATIONSHIP
BETWEEN DiETARY FACTORs AND CANCER

Date Principal author Reference
General
1976 Alcantra 2
1976 Wynder 266
1977 Lowenfels 158
1977 Gori 70
1977 Wynder 267
1977 Modan 187
1978 Gori 71
1979 Wynder 268
1979 Doll 48
1979 Gori 72
1979 Shils 231
1979 Wells 261
1980 Alderson 3
1980 Werther 262
1980 Masek 174
1980 McMichael 176
1980 Reddy 221
1980 Graham 75
1980 Shils 232
1980 Miller 184
1981 Doll 49
1981 Correa 35
1981 Wynder 280
1981 Kritchevsky 152
1981 Graham 82
1981 Ellison 54
1981 Silverman 234
1982 McBean 175
1982 Newell 202
1982 Enstrom 59

Focus on gastrointestinal cancer only

1975 Wynder 265
1975 Graham 74
1976 Walker 252
1977 Reddy 219
1977 Kritchevsky 151
1978 Cummings 38
1979 Reddy 216
1979 Graham 81
1980 Zaridze 283

(continued)
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TABLE 1 (Continued)

Date Principal author Reference
1980 Joossens 137
1980 Hill 106
1980 Cummings 39
1981 Joossens 138
1981 Reddy 217
1982 Burkett 22
1982 Weisburger 260

Focus on breast cancer only

1978 Hankin 97
1979 Dickerson 47
1980 Carroll 27
1982 de Waard 46

Focus on experimental or
metabolic studies only

1975 Carroll 26
1975 Clayson 29
1979 Roe 223
1979 Weisburger 256
1979 Wattenberg 254
1980 Weisburger 259
1981 Stout 245
1981 Vitale 250
1981 Newberne 200
1982 Weisburger 260

We will first discuss the general methods of epidemiologic inquiry, focus-
ing on considerations of study design which are specific to the study of
nutrition and cancer and on problems of the measurement of diet. We will
then review the evolution of observational studies of diet and cancer over the
last 50 years and will integrate, site by site, the various human observational
studies with pertinent findings from experimental studies, both in human
and nonhuman systems. Finally, we will provide an overall assessment of the
current “state-of-the-art” of epidemiologic inquiry in nutrition and cancer,
and we will outline some strategies for the future,

There are a variety of means by which dietary factors might be related to
cancer risk. Specific agents contained within foods, either naturally occur-
ring (Hilker, 1980) such as mycotoxins, added during processing such as
preservatives or colorants (Fairweather, 1980; Slaga, 1981), or unintentional
contaminants such as pesticides may be either carcinogenic or anticar-
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cinogenic (Conney, 1982). In these cases, food acts only as a vehicle by
which agents affecting risk can be delivered to the individual. Cancer causa-
tion in these ways is a conceptually simple process and one which should be
empirically testable given means of measurement of carcinogens in foods. It
is quite clear that there are many hundreds of mutagens in foods commaonly
eaten by all of us with the potential of causing DNA structural changes which
could result in tumor initiation (Sugimura, et al., 1981). It is extremely
important that we identify these potential carcinogens and limit their quan-
tities in the foods that we eat, but specific carcinogenic contaminants of foods
may not explain much of the overall variance in cancer incidence.

More important than simple foodborne contaminants may be nutritional
factors themselves. Specific nutritional deficiencies and/or excesses may
lead to somatic changes in body structure or function which increase the
susceptibility to cancer development, either alone or in combination with
other factors. It is clear from many experimental studies that dietary defi-
ciencies of such nutrients as vitamins or inorganic ions, as well as dietary
excesses of fats or total calories, may create a variety of somatic changes
which can impair proper function. The immune system is a very important
bodily function not only in combating infectious disease but also perhaps in
preventing cancer. There have been several reviews of the experimental
evidence that a variety of alterations in immune function occur with dietary
excesses and deficiencies (Axelrod, 1980; Good, 1981; Gross and Newberne,
1980; Hoffman-Goetz and Blackburn, 1981). The concept of cancer causation
by dietary factors is consistent with the clinical observation that nutritional
deficiencies and excesses can lead to many clinically apparent somatic
changes. It is also consistent with the commonly held notion that “we are
what we eat.”

Either additives to foods or nutrients themselves could theoretically act to
increase or decrease risk either at the initiation or the promotion stages of
carcinogenesis. In animal and in vitro carcinogenesis literature much atten-
tion is focused on the activity of carcinogens according to the stage of their
action (Farber, 1982). In the epidemiologic literature, on the other hand, we
have not yet developed enough precision in our methods to be able to define
the time during which dietary factors may be acting. Although our inference
from animal experimental studies is that dietary factors often seem to be
more active in the promotional stages of cancer development, there are
many reasons to believe that they may also be important in initiation as well.

As both scientists and citizens, those of us interested in nutrition and
cancer find ourselves in a difficult position. Despite considerable progress in
our understanding of the possible relationship between nutrients and cancer
etiology and several exciting leads for future research, we find ourselves still
in the early stages of research in this field. Many hypotheses and, in particu-
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lar, investigative methodologies are still in the developmental stage. Draw-
ing firm inferences from existing data is therefore very difficult. Nonethe-
less, chronic degenerative diseases including cancer continue to take their
toll. In most of the Western world, cancer ranks as the second leading cause
of death. Thus there is understandably a large public demand for dietary
“prescriptions” for cancer prevention. Some have searched for the “optimal
diet” (Hegsted, 1979), while others have attempted to define a “prudent
diet” (Wynder, 1976). In the absence of definitive scientific evidence, how-
ever, public demand often results in both superstitious behavior by the
public (Darby, 1979; Young and Newberne, 1981) and the overinterpreta-
tion of inconclusive studies by the scientific community.

In epidemiologic inquiry, there are a number of pitfalls which make causal
inference difficult to draw. Associations observed in epidemiologic studies
may be a result of a number of factors, including measurement bias, sam-
pling bias, confounding, and chance alone, particularly when multiple fac-
tors are investigated simultaneously. Causal inferences can be made only
after integrating epidemiologic information with existing knowledge from
other scientific disciplines, which is a very difficult process. The judgment as
to whether to take or, more importantly, to recommend preventive action on
the basis of inconclusive data is a very difficult and complex one. The Com-
mittee on Diet, Nutrition, and Cancer of the Assembly of Life Sciences of
the National Research Council has been charged with the task of reviewing
all scientific evidence, both epidemiologic and otherwise, related to nutri-
tion and cancer risk. Based on this comprehensive review (1982), it was their
judgment that there now exists sufficient evidence of a causal relationship
between certain dietary factors and cancer risk to make some specific recom-
mendations on diet alterations for the American public. Their recommenda-
tions, presented as “interim dietary guidelines” are as follows: (1) decrease
fat intake to 30% of total calories, (2) include fruits, vegetables, and whole-
grain cereals in the diet, (3) minimize consumption of foods preserved by salt
curing or smoking, (4) attempt to minimize possibly carcinogenic nonnutri-
tive additives to foods, (5) increase testing of foods for mutagenicity, and (6)
minimize the consumption of alcohol.

These recommendations seem rational and modest enough and, for-
tunately, are consistent with coronary heart disease prevention and sound
nutritional practices in general. Nevertheless, future research may suggest
important exceptions even to these modest recommendations. Other more
radical recommendations for dietary changes and nutrient supplementation
which appear in the lay literature are more difficult to evaluate with regard
to their risk/benefit ratio. What is becoming clear from animal experimental
work is that the relationship between cancer risk and many nutrients is not a
simple one. For example, some vitamins may inhibit cancers in conjunction
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with some carcinogens yet promote them with others, or they may inhibit
cancer in one organ and promote it in another. We need to conduct a great
deal more research in vitro, in vivo, and in human population settings to
shed light on such conflicting findings and to arrive at more definitive
grounds for prescribing diets which can enhance the public health.

Il. Methods of Inquiry

Nutritional factors in cancer etiology can be studied by epidemiologic
methods, which are largely observational, or by experimental methods in
the laboratory. Laboratory methodology involving animals and in vitro
methods in nutrition and cancer research have both distinct advantages and
disadvantages as compared to human observational research. In animal sys-
tems and in vitro, exposure to nutrients can be carefully controlled and the
outcome can be precisely measured while the risk of cancer can be experi-
mentally manipulated with known carcinogens. Many animal models have
demonstrated strong relationships between nutrient intake and cancer risk.
Likewise, in vitro systems, which more recently have included human cell
culture studies, have more precisely defined the relationships between mi-
cronutrients and the morphology and function of the cell and many subcellu-
lar components. Particularly exciting and relevant to nutrition and cancer
work is the growing capability of researchers to study nutrient effects on
DNA and its associated proteins.

However, extrapolation from effects measured on cells grown in culture to
the in vivo situation or from an animal model to man, or even from one
species of rat to another, is often very difficult. Despite the many similarities
in the various systems, it appears that the relationship between nutrients
and cancer risk may be highly dependent on the specific metabolic milieu
examined. Marked differences in the apparent effect of nutrient deficiencies
or excesses from species to species, from organ system to organ system, and
from situation to situation have been observed. Despite differences, howev-
er, there are similarities in results among animal and in vitro models and the
human system, such that laboratory experiments are an essential component
of the entire research effort in human carcinogenesis. Experimental research
complements human observational research, both by uncovering new leads
of inquiry and by confirming the biologieal importance of observed associa-
tions. Integrating findings in animal and in vitro experiments with human
observations is an important step in the complex process of drawing valid
inferences from the general body of knowledge of carcinogenesis.

Human epidemiologic studies of diet as a causal factor in cancer have been
generally of four types: ecological studies, case—control studies, prospective
studies, and intervention studies. In the sections which follow, we will



8 TIM BYERS AND SAXON GRAHAM

discuss the methodologic considerations of each type of study as it relates to
diet and cancer research, and we will review selected previous studies as
examples of the ways in which the study designs have been employed.

A. EcoLocIcAL STUDIES

Ecological studies are inquiries in which cancer rates for defined popula-
tions are correlated with rates of suspected risk factors as measured in these
same populations. Thus these studies are based on populations as the units of
analysis. Ecological studies have been useful in generating hypotheses re-
garding possible human dietary factors in cancer etiology. Stavraky (1976)
presented a review and critique of the role of ecological studies of disease.
Although this discussion focuses specifically on colon cancer, the concepts
can be generalized to most ecological studies of human cancer and diet.
More recently, Morgenstern (1982) has reviewed the methodological and
statistical problems encountered in ecological analysis.

Associations between cancer risk and dietary factors observed in such
studies are very difficult to infer as being causal, both because of the hetero-
geneity of diets within any defined population and because of the problem of
many potential confounding variables. As we correlate cancer rates and
dietary factors for defined groups of individuals, we cannot account for what
is often rather marked individual variation of diet within each group and
must, by design, make the implicit assumption that everyone within each
group eats the same diet in order to draw inferences about cancer causation
for individuals. This may be, of course, an untenable assumption. The
Health and Nutrition Examination Survey (HANES) (Department of Health,
Education and Welfare, 1979) in the United States, for example, showed
that there is considerable variation in the diet of Americans, as shown in
Table II. Ecological studies may only by chance describe the specific diet of
cancer patients.

In addition to the problem of heterogeneity of diet within a population,
ecological studies also are often not able to account for important confound-
ing variables. Because diets of countries often correlate very strongly with
many other factors which may be directly or indirectly related to cancer risk,
there is an immense problem of potential confounding variables in such
studies. Any factor associated with the population which experiences high
cancer rates might, in an ecological study design, be implicated as poten-
tially causal. In breast cancer, for instance, where the rates are highest in
developed, Western nations, ecological studies based on international statis-
tics would likely find strong associations with factors such as the per capita
use of hair dryers and aluminum foil, though there are no compelling reasons
to presume that these factors are causal. In addition, there are also strong
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TABLE 11
NUTRIENT INTAKE BY PERCENTILES OF TIHE POPULATION AS MEASURED IN THE
HANES SuRrvEYa

Percentile of Population

5th 10th 20th 50th 75th 90th  95th X SD

Daily protein (g)
8813 males 36 46 62 84 114 153 179 93 45
11930 females 25 31 43 59 79 102 119 64 31

Daily vitamin A (IU)

8813 males 801 1184 2057 3503 5951 9796 13770 5138 7245
11930 females 575 872 1548 2714 4781 8581 12625 4431 8016
a Ref. No. 45.

associations between various elements of diet. Cereal consumption tends to
be negatively associated with meat consumption so that international cor-
relational studies find positive correlations with cereal (Hakama and Saxen,
1967) and negative associations with meat (Gregor et al., 1969). It is often
difficult to be sure, on the basis of ecological studies alone, which dietary
factor, if any, is the causally important one.

There is striking variability from country to country in the international
mortality and incidence rates for cancers of the various sites (Doll and Wa-
terhouse, 1970; Segi and Kurihara, 1972). This striking variation, in conjunc-
tion with the observation that migrants tend to adopt cancer risks of the area
to which they moved (within one or two generations) and leave behind the
cancer risks from their native land, has led to the general belief that most
human cancers seem to be environmentally caused. The use of the word
“environment” in this context simply means “nongenetic,” rather than im-
plying causation necessarily by factors commonly held to be environmental,
such as air and water pollutants (Higginson, 1979; Higginson and Muir,
1979). Adverse health behavior such as cigarette smoking and unhealthy
diets, as well as the complexities of the entire social-psychological fabric,
would be considered environmental causes in this context.

Ecological studies have been conducted using countries as the units of
analysis, regions within countries, or special populations such as migrant or
ethnic groups. Table III summarizes selected previous studies of human
cancer which have been based on an ecological design. This table is not an
exhaustive enumeration of all such studies but represents the major studies
which are most frequently cited, as well as studies which are representative
of their type. Included in this category, for the purpose of this review, are
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TABLE 111

SELECTED EPIDEMIOLOGIC STUDIES OF DIETARY FACTORS AND CANCER BASED ON

Ecorocicat. DESIGNS

Cancer site(s) Reference
Date Principal author studied Country number
Studies based on international cancer and food statistics
1967 Hakama Stomach Many 96
1969 Gregor All GI Many 86
1973 Drasar Colon, breast Many 52
1973 Shennan Kidney Many 230
1973 Irving Colon Many 129
1974 Howell Many Many 125
1975 Wogan Liver Many 264
1975 Armstrong Many Many 7
1977 Wynder Many Many 267
1978 Hems Breast Many 99
1979 Gray Breast Many 85
1979 Lui Colon Many 161
1981 van Rensburg Esophagus Many 249

Studies based on cancer and food statistics for regions within a single country

1971
1973
1975
1975
1975
1975
1975
1976
1976
1977
1977
1978
1979
1979
1979
1980

1980

1980
1980
1981
1981
1982

Alpert

Peers

(Study group)
Jansson
Armijo
Howell
Enstrom
Cuello

Peers

(Study group)
Enstrom

Enig

Hill

Gaskill
Bingham
Pawlega

Rawson

Yang
Hems
Armijo
Ziegler
Nagi

Liver

Liver
Esophagus
All GI
Stomach
Colon, rectum
Colon, rectum
Stomach
Liver
Esophagus
Colon, rectum
Many

Colon

Breast

Colon, rectum
Breast

Many

Esophagus

Breast

Stomach

Colon

Stomach, esophagus

Uganda 4
Kenya 208
China 34
United States 133
Chile 5
United States 126
United States 56
Columbia 37
Swaziland 209
Iran 136
United States 57
United States 55
Hong Kong 109
United States 68
Britain 11
United States 206
(Iowa)
United States 215
(Southwest)
China 281
Britain 100
Chile 6
United States 285

Japan 199
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TABLE III
Cancer site(s) Reference
Date Principal author Country number
Studies based on migrant populations
1968 Haenszel Many Japan to United 91
States
1980 McMichael Many Europe to 177
Australia
1981 Locke Many Japan to United 157
States
1981 Kolonel Stomach Japan to United 148

1976

1978

1980

1980

1980

1980

1981

1981

1982

1982

1982

States

Studies based on special ethnic or religious groups within a single country

Lyon
Lyon

Phillips

Enstrom
Hinds
Lyon
Kolonel
Kolonel

Kinlen

Gardner

Gardner

Many
Colon

Many

Many
Many
Many
Many
Many

Many

Many

Many

United States
(Mormons)
United States
(Mormons)
United States
(Seventh-Day
Adventists)
United States
(Mormons)
United States
(Hawaii)
United States
(Mormons)
United States
(Hawaii)
United States
(Hawaii)
Britain
(Religious
orders)
United States
(Mormons)
United States
(Mormons)

163

162

211

58

110

164

149

150

145

65

66

studies which correlate changes in cancer rates with dietary changes that
occur in a single population over a period of time. Although such studies are
in fact longitudinal studies, because of differences in the ascertainment of
both independent and dependent variables over time within a country, the
problems in interpretation are similar to those encountered in international
correlational studies. In addition, included in this section are studies based
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on ethnic groups and migrant populations, which are extremely important in
studying the relative contribution of environmental as opposed to genetic
factors in the etiology of cancer.

In international studies, typically cancer incidence and/or mortality rates
are compared directly to per capita consumption of various foods or nutrients
as measured either in special surveys or, more commonly, as inferred from
routinely collected food production or consumption data. Armstrong and
Doll (1975) presented a comprehensive correlational study of cancer inci-
dence rates for 27 types of cancer in 23 countries and mortality rates for 14
types of cancer in 32 countries with a variety of dietary variables including
whole foods and nutrients. This study serves as perhaps the stereotypic
example of international correlational studies of its type, and is frequently
cited to support various hypotheses relating diet to cancer. Studies of this
type generally present simple correlation coefficients or, in some cases,
multiple regression analyses to control for possible confounding variables.
Other types of higher order statistical analysis have been attempted as well.
Howell (1974) produced what was termed a “Westernization factor” of foods
associated with cancers common to Western countries employing a factor-
analysis approach.

Correlational studies conducted using regions of a single country as units
of analysis, although based on somewhat less variation in cancer incidence
and/or dietary factors as compared to international studies are nonetheless
important because, within a single country, there is less likely to be signifi-
cant variation in the ascertainment of either independent or dependent
variables. The studies of the correlation of dietary aflatoxins and liver cancer
within African countries (Alpert et al., 1971; Peers and Linsell, 1973; Peers
et al., 1976) and esophageal cancer in China (Yang, 1980) are good examples
of the strength of correlational studies when a specific plausible etiologic
factor can be measured.

When there is no clearly identifiable specific carcinogen in the diet, how-
ever, the interpretation of the significance of observed correlations is more
difficult. Several studies have been conducted within the United States
comparing food consumption data by state or region with cancer incidence or
mortailty. Enstrom (1975) concluded that U.S. regional data were not con-
sistent with a strong correlation between beef and fat consumption and
colorectal cancer risk. He based this on the observation that colorectal can-
cer rates are relatively low in the Western United States where a high
amount of beef is consumed. In a study relating food demand based on food
marketing data to breast cancer mortality, Gaskill et al. (1979) found a artic-
ularly strong association between milk demand and breast cancer. An in-
teresting study conducted by the American Cancer Society and presented by



EPIDEMIOLOGY OF DIET AND CANCER 13

Howell (1975) was based on the interview in 1957 of 1 million Americans as
part of a national survey of cancer risk factors. Food frequency data for 16
items were collected. Regional comparisons were made between the north-
ern and southern regions of the United States, which differ significantly in
colorectal cancer rates. Additionally, these one million respondents were
subsequently followed up in a prospective study, which will be discussed
later.

Several similar correlational studies within regions of other countries have
been conducted. Bingham et al. (1979) compared large bowel cancer mor-
tality rates for nine regions of Great Britain with survey dietary data. The
strength of this study is that dietary intake was measured by survey tech-
niques and therefore may have greater reliability than studies based on
population food consumption data. This allowed for more detailed analysis of
the nutrient content of the diet. A similar study by Hems (1980) examined
rates of breast cancer and consumption of fats or sugar in regions of Great
Britain. Armijo and Coulson (1975) studied the variability of gastric cancer
mortality rates in various regions of Chile. Similarly, Cuello et al. (1976)
studied gastric cancer rates in Colombia. Both studies focused on the asso-
ciation between potential nitrate exposure (as inferred from regional agri-
cultural activity) or water (as inferred for regional mean water nitrate levels)
and cancer rates. A follow-up study by Armijo et al. (1981), which was based
on individuals as the units of exposure instead of on regional groups, yielded
results in the opposite direction as observed in the ecological study, demon-
strating that inferences based on ecological studies alone must be guarded.
Correa et al. (1983) are continuing their ecologic studies of diet and gastric
cancer in Colombia by comparing nutritional survey findings in villages
where gastric cancer rates are high with those where they are lower.

In studies involving a single population over a period of time, or in mi-
grant studies, there is often an element of internal control not present in
more typical ecological studies. This makes causal inference a bit easier to
draw because of fewer concerns regarding measurement bias and confound-
ing variables. Even these studies, however, are plagued by the same uncer-
tainties inherent in correlational studies based on international statistics.
Means of measurement of both independent and dependent variables may
change over time, and the populations studied have usually been migrating
from one country to another. Hence, problems of noncomparability of inter-
national statistics are considerations in these studies as well. Studies of a
single population over time are often constrained because of the lack of good
quality data for the distant past. Enig et al. (1978), however, studied U.S.
cancer mortality trends as related to animal and vegetable fat consumption,
and Hems (1980) and Ingram (1981) studied the correlation in England of fat
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and sugar consumption one to two decades earlier and subsequent breast
cancer mortality. However, it is very difficult to conclude that any such
correlations over time are due to causal factors.

Studies of migrant groups are extremely important in cancer epidemiol-
ogy, particularly in diet and cancer, as people tend to change their diet
rather significantly after migration. Kmet (1970) presented an excellent re-
view of the role of migrant studies in cancer research. More recent essays on
this topic have been written by Modan (1980) and Miller (1982). An impor-
tant study by Haenszel and Kurihara (1968) compared the mortality of Ja-
panese immigrants in the United States with that of Japanese in Japan and
with other United States citizens. They noted a tendency of Japanese immi-
grants to adopt mortality risks similar to the United States and dissimilar to
their native Japan, which suggests that environmental factors are more
important in cancer risk than genetic factors for many cancer sites. Dietary
factors were proposed as being perhaps of principal importance in this re-
gard. McMichael et al. (1980) studied migrants to Australia and presented
data which demonstrated a similar phenomenon for European immigrants to
Australia.

Studies of racial, ethnic, and religious groups are particularly important in
hypothesis generation. This is because these groups often differ significantly
in their diet as compared to others of the same general population. In the
United States, members of the Mormon Church and Seventh-Day Adventist
Church have been found to have lower cancer rates than the remainder of
the United States. Lyon et al. (1976) in Utah and Enstrom (1980) in Califor-
nia compared cancer incidence rates of Mormons to non-Mormons and hy-
pothesized that health behavior resulting from religious proscription, such as
less tobacco and alcohol use, and also perhaps from less meat consumption,
might account for the lower rates observed in cancers of many sites. Two
studies presented by Gardner and Lyon (1982a,b) further examine the rela-
tionship between Mormonism and low cancer risk by studying subsets of the
Mormon population in Utah by church activity level. Philipps et al. (1980)
showed lower cancer rates among members as compared to nonmembers of
the Seventh-Day Adventist Church, a religious group which generally does
not smoke and is lacto-ovo-vegetarian in diet. Within the Seventh-Day Ad-
ventists population, comparisons have been made for vegetarians as com-
pared to nonvegetarians.

Kolonel in Hawaii has studied cancer patterns in Japan and the United
States, including Japanese and United States whites in Hawaii (Kolonel et
al., 1981b,c). Annually, a 2% random sample of Hawaiian households is
interviewed by the Hawaiian Department of Health. In a followup to these
interviews, Kolonel added a food frequency history containing approx-
imately 80 items. Correlations were then made by ethnicity (Japanese born
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in Japan, Japanese born in Hawaii, whites born in Hawaii, or whites born in
the United States) and diet of each of the four ethnic groups. Cancer inci-
dence rates from the Hawaii Tumor Registry were then compared to typical
diets of each of the four ethnic groups.

As can be seen from this brief review, a variety of approaches have been
used in conducting correlational and ecological studies of nutritional factors
in cancer. It is not likely that improved computing capabilities or new statis-
tical procedures will add materially to our knowledge of cancer based on this
type of study design. Perhaps use of data from special dietary surveys in
conjunction with biological markers of nutrient intake or food contaminants
will lead to more progress in this area in the future. Regardless, findings
from ecologic investigations need corroboration from those of other types of
inquiry.

B. Case—CONTROL STUDIES

Ideally in human observational studies, instead of using groups of indi-
viduals as the units of analysis, one would prefer to use individuals them-
selves. In this way potential confounding variables can be accounted for, and
there is no need to make untenable assumptions of homogeneity of diet
within a population. Both case-control (retrospective) studies and cohort
(prospective) studies of diet and cancer avoid these difficulties, yet they also
introduce their own unique problems. Case-control studies, being more
efficient than cohort studies in both time and cost, have been predominant
in the literature. In these studies, a series of patients with a specified type of
cancer is assembled, either from a single hospital, a group of hospitals, or a
total community and are questioned with regard to their diet as well as other
potentially important nondietary cancer risk factors. Similar questioning is
then performed on a control group of individuals drawn from the same
hospital or community but not affected with cancer. Direct comparisons of
the reported diets of cases and controls can then be made. Potential con-
founding variables can be controlled for, either by design in the selection of
control patients through matching or by using statistical control methods in
the analysis. Although very efficient in design, this type of study is plagued
by uncertainties regarding the representativeness of both the case and con-
trol groups and regarding the validity of the dietary measures.

Although the findings from ecological studies have generated many widely
accepted hypotheses regarding nutritional risk factors for human cancer, the
findings from case-control studies have often failed to confirm them. This has
led some investigators to question the adequacy of retrospective study meth-
ods in diet and cancer. Whether the failure to confirm the strong associations
suggested in ecologic studies is a result of the many confounding factors
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which may be present in them but which are controlled in case-control
studies, or whether it is a result of the inability of case-control studies to
make sufficiently valid measurements of diet, is yet to be seen. Various
explanations have been advanced, including both that case-control studies
are conducted in populations in which diet is too homogeneous so that no
case-control differences can be expected and also that diet cannot be mea-
sured because it is, in fact, too heterogeneous. The general pattern, none-
theless, which has emerged over the last 20 years is that case-control studies
tend to demonstrate much weaker dietary effects on cancer risk than might
be predicted from correlational studies alone. Table IV summarizes the case-
control research in nutrition and cancer in the last 50 years.

The study by Stocks and Karn (1933) in England is prototypical of all
subsequent case-control studies of diet and cancer. In this study, cancer
cases from several English hospitals were matched to controls by age and
sex, and interviews were conducted using the food frequency technique.
Although much of the analysis was presented for multiple cancer sites con-
sidered together, it is interesting that important findings demonstrated by
Stocks and Karn were replicated in later work. For instance, there was a
negative association observed between cancer risk and consumption of sev-
eral vegetables, including carrots, cauliflower, and cabbage, as well as for an
index of vegetable consumption which was based on seven vegetables. In
addition, in this early study, foods were classified according to their relative
content of the various vitamins, including A, B, C, and D.

The conclusion of Stocks and Karn (1933) would not be out of place in the
conclusion of almost any diet and cancer study report today. They stated that
“further research, experimental and statistical, should be carried out to
confirm or refute (these preliminary findings). . . . Important practical ef-
fects in the reduction of cancer incidence might conceivably be brought
about by a modification of diets, or better still, some substance preventive of
cancer might be isolated.” In retrospect, it is disappointing that, over these
subsequent 50 years, we have not managed to improve our understanding of
the epidemiology of diet and human cancer more substantially. Table IV
presents a listing of case-control studies which have included dietary factors.
This is not an exhaustive list, but it includes the more important and fre-
quently referenced studies, as well as studies which represent special ap-
proaches and techniques. Inquiries which are limited to alcohol consump-
tion as the only nutrient measured are not included in this table.

Most of the early work done in the 1940s through 1960s focused on dietary
factors in gastrointestinal cancer. These sites were certainly the most logical
place to first look for dietary factors and cancer risk because of the close
contact of the gastrointestinal mucosa with foods. Much of the early work
was designed to search for specific foods which might increase risk. The



TABLE 1V
SELECTED Case-CONTROL STUDIES WHICH HAVE INCLUDED DIETARY FACTORS

Statistically
Approximate significant findings
Number of number of
Year of Principal food items Risk Protective
Cancer site(s) publication author Study location  Cases Controls measured factors factors Reference
Stomach 1946 Dunham Chicago 40 40 6 None None 53
1957 Segi Japan 2000 4000 NP« Rice, soy 228
sauce,
“miso” soup,
“sake”
1957 Stocks England 200 9000 37 Fried foods 242
1960 Pernu Finland 1606 1773 NP Meat, animal 210
fat
1963 Wynder New York 154 154 16 None None 277
City
Japan 268 362 16 Hot foods
Iceland 48 82 16 None None
Yugoslavia 51 55 16 None None
1964 Acheson England 100 200 48 None None 1
1964 Meisma Netherlands 340 478 7 Bacon Citrus fruits 178
1966 Higginson Kansas 93 1020 22 Cooked fats None 102
1967 Graham Buffalo, New 276 2200 33 Cabbage 77
York
1967 Hirayama Japan 454 454 NP Salted foods Milk 113
1972 Haenszel Hawaii 220 440 100 Pickled vegeta- Raw vegetables 92

bles and salt-
ed fish

(continued)
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TABLE IV (Continued)
Statistically
Approximate significant findings
Number of number of
Year of Principal food items Risk Protective
Cancer site(s) publication author Study location  Cases Controls measured factors factors Reference
1973 Bjelke Norway 228 1394 50 Vegetables and 13
fruits
1973 Bjelke Minnesota 83 1657 50 Cereals, Vegetables, 13
smoked fish fruits
1974 Modan Israel 166 498 243 Starchy foods 189
1976 Haenszel Japan 783 1566 100 Lettuce, celery 94
Colon 1969 Wynder Japan 69 307 20 Rice, fruit, 278
milk
1973 Haenszel Hawaii 179 357 100 Legumes, 93
starches
1975 Modan Israel 198 396 243 Fiber-contain- 190
ing foods
1978 Graham Buffalo, New 256 783 33 Vegetables 80
York
1980 Jain Canada 348 542 NP Fat 131
1980 Sorenson Utah 300 600 NP Vitamin C 238
Rectum 1969 Wynder Japan 88 307 20 None None 278
1978 Graham Buffalo, New 330 628 33 None None 80
York
1980 Jain Canada 194 542 NP None None 131
Colon and 1957 Stocks England 300 9000 37 Beer 242
rectum
1960 Pernu Finland 666 1773 NP None None 210
1966 Higginson Kansas 340 1020 22 None None 102
1967 Wynder New York 791 309 i5 None None 272

City



61

Mouth

Esophagus

Mouth and
esophagus

All GI sites

1973
1973

1978

1980
1957

1977

1961

1973
1974

1979

1981

1981

1957

1969

1968

Bjelke
Bjelke

Dales

Haenszel
Wynder

Graham
Wynder

Bjelke
deJong

Cook-Mazaf-
fari

Mettlin

Ziegler

Wynder

Martinez

Paymaster

Norway
Minnesota

San Francisco

Japan

New York
City

Buffalo, New
York

New York
City

Minnesota

Singapore

Iran

Buffalo, New
York

Washington,
D.C.

Sweden

Puerto Rico

India

278
373

99

588
659

584

150

52
131

344

147

120

400

1441

1394
1657

280

1176
439

1222

150

1657

688

264

250

1200

1314

50
50

89

50
13

36

33

31

10

NP

High fat foods

Cabbage
None

Alcohol

Alcohol
Hot beverages

Alcohol

None

Hot coffee,
spices,
alcohol

Vegetables

Vegetables,
fruits

High fiber
foods

None

Vegetables,
milk

Potatoes,
bananas
Raw vegeta-

bles, fruits
Vitamin A

index
Fish, meats,

vegetables,

dairy

products
None

Vegetarian diet
with dairy
products

13
13

40

95
274

79

269

13
44

182

285

275

173

207

(continued)
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TABLE 1V (Continued)

Statistically
Approximate significant findings
Number of number of
Year of Principal food items Risk Protective
Cancer site(s) publication author Study location Cases  Controls measured factors factors Reference
1981 Modan Israel 406 812 243 Foods contain- 191
ing B-
carotene
Lung 1977 MacLennan  Singapore 245 NP 100 Green, leafy 166
vegetables
1979 Mettlin Buffalo, New 292 801 33 Vitamin A 181
York index
1980 Gregor England 100 173 10 Vitamin A Vitamin A 87
(females) (males)
Larynx 1956 Wynder New York 93 209 5 None None 273
City
1981 Graham Buffalo, New 374 381 33 Alcohol Vitamin A 76
York index
Bladder 1963 Wynder New York 250 250 NP None None 276
City
1971 Cole Boston 468 498 (Coffee only) Coffee 30
1975 Simon New England 135 390 (Coffee only) Coffee 235
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Breast

Liver

Rhabdomyo-
sarcoma
Glioma

Many sites
combined

1979
1980

1978
1981

1982

1933

1978

Mettlin
Howe
Miller
Lubin

Graham

Bulato-Jayne

Grufferman

Preston-
Martin

Stocks

Smith

Buffalo, New
York
Canada
Canada
Alberta

Buffalo, New
York
Africa

North Caro-
lina
Los Angeles

England

Boston

569

480

577

2024

209

462

1025 33
480 NP
400 NP
826 8

1463 33

9N NP
99 12
209 6
435 20

3433 (Vitamin

pills only)

Vitamin A
index
Coffee
Fat
Beef, pork,
sweet
desserts
Vitamin A
Alcohol and
aflatoxin-con-
taining foods
Organ meats,
cured meats
Vegetables,
milk
Vitamin A

181
122
186
160

83

18

89

213

243

237

a NP, not presented.
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selection of foods to be investigated was often guided by observations of
international or interethnic variation in cancer risk. The comparison of one
study to the next becomes very difficult because various investigators have
chosen very different lists of foods to measure. Almost universally, the tech-
nique of ascertainment of diet in case-control studies was by the food fre-
quency method. Nonetheless, just as there is not a standard list of foods,
there is no generally accepted standard for measuring food frequency. Cate-
gory options range from a simple dichotomous “ever” or “never” to (more
commonly) three to six frequency options based on usual weekly or monthly
frequencies. The analysis may be presented by all food frequency levels
measured, or more commonly, food frequency categories may be combined
into larger categories, or sometimes, simply the extremes of frequency are
compared.

The combining of frequency categories in the analysis presents another
problem with making statistical inference. With no clear a priori rationale for
the combination of food frequencies, the way in which the frequency catego-
ries are combined may tend to artificially inflate or deflate relative risk
estimates. This problem is always encountered in collapsing data in categori-
cal analysis. Stable estimates of risk must be based on an adequate number of
cases in each category, especially the base (reference) category. Thus the use
of the same categories in two different studies where numbers in the base in
one are not adequate to give a stable estimate will yield questionable, non-
comparable estimates. This is equally true for studies of different sites or of
the same sites in populations with different dietary habits. Investigators
should, when possible, present numbers of cases and controls in the various
exposure categories as well as relative risk estimates, and they should be
careful to have adequate numbers of cases in base (reference) categories.
With no clear a priori rationale for category definition, using tertiles, quar-
tiles, or quintiles of the study population distribution would seem logical.

The largest case-control study of stomach cancer and diet to date was
conducted in Japan (Segi et al., 1957). In this study, more than 2000 patients
with stomach cancer were compared with 4000 controls that were recruited
from over 400 health centers. All patients were interviewed regarding fre-
quency of consumption of various food items as well as preference for various
food items. Another massive study, conducted in Finland (Pernu, 1960), was
based on over 1600 patients with stomach cancer and 666 patients with
colorectal cancer. Although these studies were strong in numbers of pa-
tients, there were some serious problems with the procedures used for the
selection of controls. These problems may have resulted in selection biases
which make the interpretation of the results difficult.

Among the earliest case-control studies of diet and cancer conducted in
the United States were those by Wynder in New York City. Although other
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investigators focused their attention initially on cancer of the stomach and
colorectum, Wynder and colleagues investigated first the dietary factors of
the upper alimentary tract and larynx. The first report for laryngeal cancer in
a series of case-control studies of various sites was presented in 1956 (Wyn-
der et al., 1956). It is not clear exactly how many food items were included,
but the dietary history was apparently only a very small part of the entire
interview schedule. The analysis was based on five general categories of
food, with case-control comparisons being made for the percentage of cases
as compared to hospital controls that were deficient in each of the five
categories, though “deficiency” was not precisely defined.

Later, Wynder presented studies of oral cancer (Wynder et al., 1957a),
esophageal cancer (Wynder and Bross, 1961), and bladder cancer (Wynder
et al., 1963a) in New York City and cancer of the upper alimentary tract in
Sweden (Wynder et al., 1957b). These studies, based on the same dietary
questions used in the laryngeal cancer study, found that there was no signifi-
cant difference between cases and controls in the frequency of dietary defi-
ciencies for each of the five food categories, except for esophageal cancer in
which a deficiency of milk and vegetables was seen in cases. Generally, only
the conclusions were given and very little data were presented. In a four-
country study by Wynder et al. (1963b), dietary data for sets of cases and
controls in New York City, Japan, Yugoslavia, and Iceland are presented.
After the completion of several studies which generally failed to demonstrate
the expected case-control differences in diet as measured, Wynder con-
cluded that the retrospective method may not be adequate in nutrition and
cancer research because “a retrospective study cannot obtain quantitative
differences in respect to dietary intake” (Wynder et al., 1974).

Acheson and Doll (1964) conducted an important case-control study of
gastric cancer and diet in England. Although based on only 100 cases and
200 controls, the study was designed with careful matching and, important-
ly, was methodologically rigorous, containing a built-in validity component.
The dietary interview was based on the food frequency technique, which
also included information regarding the means of preparation of each food
item, the temperature of the food as eaten, and characteristics of eating
patterns. An important element in this study is the reinterview of 63 of the
study subjects in order to assess the repeatability of the food frequency
questions. Although repeatability was certainly not perfect, it did appear to
be sufficiently high to allow the investigators to confidently place individuals
within broad categories of food consumption.

Higginson (1966) conducted a study of gastrointestinal cancer as related to
diet based on interviews of cases and controls in the State of Kansas. Ninety-
three patients with stomach cancer and 340 patients with colorectal cancer
along with 1020 controls were interviewed based on the food frequency
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technique. Thirty-seven of the study subjects were reinterviewed in a relia-
bility study. Although there was some variability in recall, similar to that
observed by Acheson and Doll, the author’s conclusion was that the reliabili-
ty was “good enough for group data.” Nonetheless, Higginson, finding no
apparent dietary risk factors, was led to question, like Wynder, the role of
retrospective studies in diet and cancer.

Stocks and Davies (1964) presented an ingenious study of the mineral
content of soils in the gardens of individuals who had recently died from
gastric cancer as compared to that found for individuals who had recently
died from other nonmalignant causes. Zinc/copper ratios were high in the
soil from gardens of cases as compared to controls, particularly if the gardens
were vegetable gardens and if the individual had lived at the house for over
10 years. Although this was by no means a definitive study, it employed an
interesting study design which includes both case-control and ecological
components.

The first in a series of studies based on data collected at the Roswell Park
Memorial Institute (RPMI) in Buffalo, New York, was conducted by Graham
et al. (1967). During the years 1957 to 1965, all patients admitted to RPMI
were interviewed at the time of their admission regarding a variety of poten-
tial cancer risk factors including diet. This dietary interview was based on
the food frequency technique for 33 selected food items. On the average, the
dietary interviews took approximately 15 min. The interviewer was unaware
of the patient’s suspected diagnosis or chief complaint at the time of the
interview, and most of the patients were unaware of their own diagnosis,
because most of the admissions were for diagnostic workup for possible
cancer. Subsequent analyses have compared the recorded dietary history of
groups of individuals with cancers at various sites as compared to a group of
patients who were subsequently found not to have cancer and matched for
various characteristics.

The analysis of the first study (Graham et al., 1967) was based on a com-
parison between gastric cases and controls of the reported frequency of
ingestion for specific food items. A reanalysis of these same data by Graham
et al. in 1972, however, which matched controls to cases for ethnic back-
ground, showed an opposite pattern of the association between cabbage and
risk. The second report in the series of studies based on the RPMI data
concerned oral cancer in men (Graham et al., 1977). This study focused
mostly on alcohol, smoking, and dentition factors but showed no significant
differences between cases and controls when comparing frequency of inges-
tion of specific food items. However, a subsequent reanalysis of these data
(Marshall et al., 1982) in which indices of vitamin A and vitamin C consump-
tion were generated from the food frequency data in combination with food
composition data showed significant vitamin A and vitamin C deficiencies in
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the diets of cases as compared to those reported by controls, even when
controlling for smoking and alcohol ingestion using multiple regression tech-
niques. Thus it is important to consider reanalyses of previously collected data.

Many subsequent case-control studies have been conducted based on the
RPMI data collected between 1957 and 1965. A study of colon cancer
(Graham et al., 1978) used individual food items as the units of comparison.
Nutrient indices have been compared to cancer risk for lung (Mettlin et al.,
1979), bladder (Mettlin and Graham, 1979), larynx (Graham et al., 1981),
esophagus (Mettlin ef al., 1981), and breast (Modan et al., 1974). Similarly,
case—control studies have been completed on cancer of the prostate (Graham
et al., 1983), ovary (Byers et al., 1983a), cervix (Marshall et al., 1983), and
uterus (J. Marshall, personal communication). Studies on lymphoma, leuke-
mia, Hodgkin’s Disease, and other more rare sites are planned to be con-
ducted soon.

Bjelke (1971) reported a case-control study of gastric and colorectal cancer
in Norway which was later followed by a similar study that included esopha-
geal cancer cases in Minnesota (1973). Bjelke’s study of gastrointestinal can-
cers in Norway and Minnesota contained elements of both ecological studies
and case-control studies and, later, prospective as well. His approach to the
epidemiologic investigation of these cancers in these populations stands as a
classic example of a rational comprehensive approach. The case-control com-
ponent of his investigation was based on food frequency interviews covering
approximately 50 food items. The analysis was conducted by comparing both
individual food items and nutrient indices between cases and controls.

Haenszel, building on earlier correlational studies of Japanese migrants,
conducted a case-control study of stomach cancer (Haenszel et al., 1972) and
colon cancer (Haenszel ef al., 1973) in Japanese immigrants in Hawaii. The
ascertainment of diet was by the food frequency technique. Though the
specific number of food items was not present, it was stated as “over 100.”
Later, Haenszel attempted to replicate these case-control studies on Ja-
panese in Japan (Haenszel et al., 1976, 1980). However, even though the
same study design and questionnaire were used, the results observed in
Hawaii were not replicated in the Japanese studies. Haenszel speculated
that the reason for the negative findings in Japan might be related to more
homogeneity in the Japanese diet which would tend to make case-control
studies of dietary factors less sensitive.

Modan presented case-control studies of diet and gastric cancer (Modan et
al., 1974) and colon cancer (Modan et al., 1975) in Israel. These studies,
though similar in design to previous studies of gastric cancer and diet, in-
volved much more extensive questioning regarding diet. The food frequency
technique was used for 243 separate food items. The large number of food
items was necessitated apparently by the tremendous cultural diversity
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found in Israel, which results in an extremely diverse diet. For analysis, the
food items were grouped into similar types of foods. Seventy-three food
items, for example, constituted the group of foods containing significant
amounts of dietary fiber. Similarly, Dales et al. (1978) presented data based
on a case-control study of colorectal cancer in Blacks in the San Francisco
area. The food frequency technique was used to ascertain diet, based on 89
food items. In an analysis similar to that by Modan, Dales grouped foods into
those containing high levels of specific nutrients, especially fat and fiber.

Two interesting studies were presented in 1978 which are unusual in
design. Smith and Jick (1978) conducted a case-control study comparing the
frequency of supplemental vitamin usage in cancer patients as compared to
controls. Although not precisely a dietary study, in that no dietary history
was ascertained, this study is of importance because of earlier suggestive
evidence that foods containing vitamin A might be protective against cancer.
Nomura et al. (1978) conducted a unique type of case-control study of breast
cancer. This study is unusual in that the cancer patients were not inter-
viewed. Instead, two sources of existing data were combined in order to
make inferences about the probable diets of breast cancer cases. Dietary
histories of men which had been earlier collected for a heart disease study
were combined with data from the Hawaii Tumor Registry so that the di-
etary histories of 68 men whose wives developed breast cancer could be
compared to those men whose wives did not develop breast cancer. The
assumption that must be made here is that diets of husbands are adequate
surrogate measures of diets of their wives. Subsequent methodological stud-
ies, however (Lee and Kolonel, 1982), have suggested that, although there
are certain similarities in the diets of husbands and wives, there also may be
marked differences as well,

Miller et al. (1978) conducted a case-control study of dietary factors as
related to breast cancer risk in four regions of Canada. This study is of
importance because of the methodological rigor with which it was con-
ducted. Controls were matched to cases by age, sex, race, and neighborhood
of residence. More importantly, the dietary histories were carefully col-
lected, and several different measures of diet were made in order to assess
the validity of the various methods. Details of the validation studies have
been presented by Morgan et al. (1978). These studies included comparison
of 24-hr recall, 4-day diet diaries, as well as diet histories taken by the food
frequency method based on both the last two months and on the two-month
period ending six months prior to interview. The detailed dietary histories
collected by Miller have allowed for a detailed analysis of nutrient intake,
including various subtypes of dietary fat.

Gregor et al. (1980) conducted a case-control study of lung cancer and diet
in England. Frequency of ingestion of various food items both immediately
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before symptoms as well as 20 years prior to diagnosis in addition to personal
preferences for various foods were measured by interview. Vitamin indices
constructed from these food frequency responses were then correlated with
case status.

Jain et al. (1980) presented the results of a case-control study of diet and
colorectal cancer in Calgary and Toronto. Colon and rectal cancer cases from
a population-based registry were compared to neighborhood age- and sex-
matched controls as well as hospitalized controls who had previously under-
gone abdominal operations for nonmalignant disease. Using the same ques-
tionnaire evaluated by Morgan, the frequency of ingestion of selected food
items for cases both two months prior to diagnosis as well as for a two-month
time period ending six months prior to diagnosis was compared to controls.
Another Canadian study conducted with very different methodology was
presented by Lubin et al. (1981). Women with newly diagnosed breast
cancer in Alberta were questioned regarding diet based on the frequency of
consumption of only eight food items. Their responses were then compared
to those of controls selected as a random sample of Alberta women.

A study conducted by Ziegler et al. (1981b) based on esophageal cancer in
Black men in the Washington, D.C., area is of methodological interest
because cases were never interviewed. Case diets were reported by the
“next of kin” for individuals who were recently deceased of esophageal
cancer. Diets for the control group were ascertained in a similar way by
interviewing next of kin of men who had recently died of nonmalignant
conditions. The usual diet prior to 1974 was specified. Although this meth-
odology is attractive in diet and cancer research in that it may be a way to
collect dietary information on patients who have rapidly fatal disease, or
whose disease causes such disability that they cannot be interviewed, the
reliability of ascertaining diet from the surviving next of kin must be better
tested before this technique will gain wide acceptance.

A case-control study of primary liver cancer presented by Bulato-Jayne et
al. (1982) was based on interviews conducted by a single nutritionist who was
blinded as to the diagnoses of the patients. Although details of the dietary
histories were not given, the interviews were said to last 1.5 hr and included
details of dietary changes throughout the subject’s life. Analysis was based
on the estimated level of aflatoxin exposure in the diet as reported.

There are many case-control studies of cancer currently underway which
include dietary measures. Table V summarizes these studies. Of particular
importance because of their strong emphasis on dietary measures are the
studies by Kolonel, Jain, Zaridze, Graham, Nomura, and Hinds. These
newer studies generally use population-based case and control selection
procedures and involve detailed dietary histories. In most cases, reliability
studies are a part of the research design.
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TABLE V
Case-ConTROL STUDIES NOow IN PROGRESS WHicH INCLUDE TuE STUDY OF DIETARY
Factors IN CANCER ETiOLOGY“

Projected (approximate)

Principal number of
Tumor type investigator Location cases:controls
Colorectal cancer Potter Australia 400:800
Kune Australia 750:1500
Cornee France 250:250
Czygan Germany 1000:1000
Manouses Greece 100:200
Graham United States 900:900
(Buffalo)
Colorectal polyps Zaridze France 300:300
Cornee France NPb
Lambert France 100:100
Stomach cancer Frentzel-Beyme Germany NP
Jain Canada 400:400
Kuratsune Japan 150:300
Juhosz Hungary NP
Crespi Italy NP
Tosi Ttaly NP
Amadori Italy 50:100
Serrao Portugal NP
Graham United States 250:250
(Buffalo)
Correa United States NP
(Louisiana)
Pancreatic cancer Kune Australia 150:300
Durbec France 150:150
Norell Sweden 100:100
Gordis United States 200:400
(Baltimore)
Mack United States NP
(Los Angeles)
Kidney/bladder Correa United States NP
cancer (Louisiana)
Knudsen Denmark 200:600
Jussawalla India 950:NP
MacMahon United States 350:700
(Boston)
Connolly Canada 350:700
(Toronto)
Jensen Denmark 500:1000
Vahlensieck Germany NP




EPIDEMIOLOGY OF DIET AND CANCER 29

TABLE V (Continued)

Projected (approximate)

Principal number of
Tumor type investigator Location cases:controls
Mack United States NP
(Los Angeles)
Prostate cancer Zaridze Netherlands 150:NP
and Japan
Kolonel United States 500:1000
(Hawaii)
Lung/laryngeal Buffler United States 700:NP
cancer (Texas)
Koo Hong Kong 200:200
Hinds United States 500:1000
(Hawaii)
Lynch United States NP
(Miami)
Jindol India NP
Lopez United States NP
(Louisiana)
Zatonski Poland NP
Graham United States ?
(Buffalo)
Correa United States NP
(Louisiana)
Breast cancer Burns Canada NP
(Alberta)
Hislop Canada (British 1500:4500
Columbia)
Marabini Italy 200:400
Socerdote de Lustig Argentina 200:200
Plesko Czechoslovakia 1200:NP
Le France 1000:2000
Modan Israel 800:1600
Kaloche Brazil NP
Paffenbarger United States 2500:2500
(San Fran-
cisco)
Nomura United States 600:600
(Hawaii)
Oral cancer Notani India 900:NP
Fischman United States NP
(New York)
Graham United States 250:250
(Buffalo)

(continued)
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TABLE V (Continued)

Projected (approximate)

Principal number of
Tumor type investigator Location cases:controls
Penile cancer Knudsen Denmark 200:600
Jain India 200:NP
Malignant melan- Armstrong Australia 500:NP
oma Nathanson United States 500:NP
(New York)

All gastrointestinal  Tuyns France and NP
cancer Belgium

Liver cancer Mack United States NP

(Los Angeles)

Endometrial cancer Boonzanit Thailand 150:NP

Nasopharyngeal Armstr