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Abstract
The large differences in cancer rates among countries,
striking changes in these rates among migrating
populations, and rapid changes over time within
countries indicate that some aspect of lifestyle or
environment is largely responsible for the common
cancers in Western countries. Dietary fat has been
hypothesized to be the key factor because national
consumption is correlated with the international
differences, but these correlations are potentially
confounded by other aspects of Western lifestyles.
Detailed analyses in large prospective studies have not
supported an important role of dietary fat. Instead,
positive energy balance, reflected in early age at
menarche and weight gain as an adult, is an important
determinant of breast and colon cancers, consistent with
numerous studies in animals. Physical inactivity has also
been shown to be a risk factor for these diseases, and in
part accounts for the international differences in cancer
rates. Although the percentage of calories from fat in the
diet does not appear related to risk of colon cancer,
greater risks have been seen with higher consumption of
red meat, suggesting that factors other than fat per se
may be important.
In many case-control studies a high consumption of
fruits and vegetables has been associated with reduced
risks of numerous cancers, but recent prospective studies
suggest these associations may have been overstated.
Among the factors in fruits and vegetables that have been
examined in relation to cancer risk, present data most
strongly support a benefit of higher folic acid
consumption in reducing risks of colon and breast
cancers. These findings have been bolstered by an
association between incidence of colon cancer and a
polymorphism in the gene for methylenetetrahydrofolate
reductase, an enzyme involved in folic acid metabolism.
The benefits of folic acid appear strongest among persons
who regularly consume alcohol, which itself is associated
with risk of these cancers. Numerous other aspects of diet
are hypothesized to influence the risks of cancers in
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Western countries, but for the moment the evidence is
unclear. Two decades of effort in developing, evaluating,
and refining methods of dietary assessment have laid the
groundwork for further insights into the role of diet in
cancer etiology that will emerge from the more than 30
large prospective studies that are currently underway.
Diet and Cancer: One View at the Start of
the Millennium
A fundamental observation in cancer epidemiology during the
last century was that cancer incidence and mortality rates vary
dramatically across the globe (1). In addition, rates of cancer
among populations migrating from low- to high-incidence
countries change markedly; in most cases, they approximate the
rates in the new region within one to three generations. These
lines of evidence indicate that the primary determinants of
cancer rates are not genetic factors, but rather environmental
and lifestyle factors that could, in principle, be modified to
reduce cancer rates in high-risk areas (2). During the last two
decades, the primary factor of interest, apart from tobacco, has
been dietary fat.
The hypothesis that dietary fat is largely responsible for
cancers of the colon, breast, and prostate in Western countries
derives largely from the strong ecological correlations between
national per capita fat consumption and rates of these major
cancers (1). Although international comparisons provide fertile
soil for the development of etiologic hypotheses, they are a
treacherous basis for conclusions because of the major potential
for confounding. In the case of breast cancer, the low-risk
countries are primarily developing areas and traditional Eastern
societies where almost all aspects of lifestyle have been markedly different than those in affluent Western countries. These
include differences in reproductive behaviors, physical activity,
body composition, and many aspects of diet other than fat
consumption. Thus, more detailed studies are needed to control
for variables that may seriously confound cross-national comparisons. For the most part, these will necessarily be casecontrol and prospective cohort studies, which should be interpreted in the light of animal and mechanistic experiments.
Ideally, every dietary hypothesis related to cancer would be
tested by multiple large randomized trials in human populations. However, for even a small number of hypotheses, this is
likely to be impossible because of the large numbers of individuals required and the long and uncertain follow-up period.
For example, the Women’s Health Initiative trial of fat reduction, conducted along with interventions related to hormone
replacement therapy and calcium/vitamin D, will cost approximately $1 billion (3). Even so, it is not likely to provide a clear
answer to the fat and breast cancer relationship because multiple dietary factors are being changed simultaneously (4) and
a 10-year intervention period late in life may well be inadequate
even if fat was an etiologic factor.
In this brief overview, I will describe the general process
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by which we have investigated diet and cancer relationships
epidemiologically and will provide a short status report on
some of the major issues addressed during the last 20 years. In
addition to discussing cancer incidence, I will also mention
important findings related to non-cancer outcomes, in particular, coronary heart disease. These non-cancer outcomes can be
helpful in interpreting findings for cancer, especially when an
association is seen with coronary heart disease but the same
variable is not associated with cancer. In this case, the lack of
association with cancer cannot be attributed to insufficient
variation in the dietary factor or inability to measure it. Moreover, coronary heart disease is itself important, and in the end
we eat one diet. Thus, any actual dietary decisions should be
made in the light of not just cancer, but how these variables
relate to cardiovascular disease and other important conditions.
In the late 1970s, when interest in diet as a major determinant of cancer began to emerge, great skepticism existed
about the potential for studies of human diets in relation to risk
of disease. Two major concerns were raised: that “diets are
homogeneous within populations,” and that “people can’t remember what they ate.” Indeed, if either of these conditions
was true, it would be impossible to conduct informative analyses of diet and cancer incidence within populations. However,
at that time, we had reasons to believe that neither of these
assertions was correct. First, even simple surveys within populations indicated that individuals vary widely in food choices
so that diets would not likely be homogeneous. Second, the
experience of epidemiologists investigating food-borne outbreaks indicated that individuals could indeed remember what
they ate, even at some time well removed from the critical
event. However, this experience suggested that individuals
could more readily answer questions about what they usually
would have eaten as opposed to what they actually ate at a
specific time on a specific day. Fortunately from the standpoint
of cancer incidence, it is usual diet rather than a single meal or
intake for 1 day that is likely to be most important etiologically.
Thus, during the late 1970s, we and several other groups
embarked on prospective studies of diet in relation to cancer
incidence. At that time, virtually all investigators converged on
the concept that a food-frequency questionnaire would be the
only practical means of investigating the effects of long-term
dietary intake in large numbers of individuals. The major alternative, 24-h recall, has practical limitations because it requires a professional dietitian and is expensive. More importantly, detailed studies had shown that diet varies greatly from
day to day for most individuals so that even perfect information
about a 24-h period would not reasonably represent a person’s
longer-term intake (5, 6). The food-frequency questionnaire
that we initially developed included 61 foods that were carefully selected to provide the maximum information on intakes
of nutrients hypothesized to influence cancer and cardiovascular disease risk (7). For each of these 61 foods, participants
were asked about their average use over the past year and were
offered a multiple choice of answers ranging from never to six
or more times a day. In addition to collecting data over an
extended period, from a practical standpoint the food-frequency
questionnaire has tremendous advantages because it could be
self-administered and thus used in large populations. In 1982,
we developed and tested an optically scanned version of our
food-frequency questionnaire, which was found to be highly
acceptable. Importantly, this substantially reduced data-entry
costs and errors, which allowed us to expand the questionnaire
and to collect dietary data repeatedly over time in a large
population. This approach has become standard in almost all
large prospective studies of diet and cancer.

A central concern in the study of diet and cancer is validity
of the dietary assessment. We therefore conducted a series of
detailed studies to address this issue using three methods to
assess question of validity: comparison with a detailed quantitative method, comparison with biochemical indicators of diet,
and ability to predict known disease relationships (7). In the
first validation study, using our 1980 61-item food-frequency
questionnaire, we identified ⬃200 participants in our large
cohort study, the Nurses’ Health Study. Each participant was
instructed to weigh and record each food on a meal-by-meal
basis for four 1-week periods over the course of the year. We
then compared nutrient intakes from this detailed quantitative
method with intakes calculated from our self-administered
food-frequency questionnaire. After adjustment for total energy
intake, most correlations were in the range from 0.5 to 0.6 (8).
Although this degree of validity was less than perfect, it was
sufficient to ensure that important associations would not be
missed if the study population was sufficiently large. Moreover,
with Drs. Rosner and Speigelman, we developed statistical
methods to take these data on measurement error into account
by adjusting relative risks and confidence intervals for the
degree of measurement errors (9 –11).
The primary applications of our dietary assessment methodology have been in three large cohort studies. The Nurses’
Health Study began in 1976 when 121,700 women across the
United States were enrolled in a major study primarily to
investigate the relationship between oral contraceptive use and
cancer outcomes. In 1980, we first mailed our dietary questionnaire to this cohort, and ⬃95,000 women returned completed
questionnaires. Follow-up in the study is conducted primarily
by additional questionnaires mailed at 2-year intervals to update
information on medical history, diet, and lifestyle, and to ascertain diagnoses of major diseases. These diagnoses are documented with medical records. In this cohort, we have repeated
dietary assessments at 2- to 4-year intervals so that by year
2000 we have obtained six repeated measurements of diet.
Because the Nurses’ Health Study included only women, in
1986 we enrolled 52,000 men into a parallel cohort study, the
Health Professionals Follow-up Study. In 1989, we enrolled an
additional 116,000 women into the Nurses’ Health Study II;
this cohort provided the next generation of younger nurses, who
were maximally exposed to oral contraceptive use during their
early reproductive lives.
By the early 1980s, the belief that dietary fat was a major
cause of breast cancer had become extremely strong. Based
largely on the international comparisons and two case-control
studies [one of which was said to be positive although there was
no statistically significant association between fat intake prior
to diagnosis and breast cancer risk (12)] the Committee on Diet
Nutrition and Cancer of the National Academy of Sciences in
1982 came to the following conclusion: “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 lower incidences in these cancers. The committee recommends that the
consumption of both saturated and unsaturated fat be reduced . . . to 30% of total calories in the diet” (13). This statement was highly influential because it served as the primary
basis for national recommendations to reduce fat intake of all
types, which has been the dominant nutritional advice for the
last 20 years. Not surprisingly, our first publication on dietary
fat and breast cancer, which included 4 years of follow-up and
601 incident breast cancer cases, was controversial because it
did not support a positive association (14). Indeed, the relative
risk for women in the top quintile of fat intake compared with
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the lowest quintile was 0.85 (95% confidence interval, 0.66 –
1.09). This report, although the most statistically powerful
available data at that time, had many limitations. These included the relatively short follow-up period and the fact that we
did not address the association with fat intake below 30% of
calories, although the lowest group at 32% of energy from fat
was close to the recommended intake. Moreover, an effect of
fat intake before adulthood could not be excluded.
Since our original report on fat intake and breast cancer,
we have continued to work on the refinement of our dietary
measurement methodologies. As noted above, we expanded the
dietary questionnaire and collected more detailed information
about many aspects of diet and have taken into account changes
in the fat content of foods over time. Importantly, the use of
repeated measures of intake provides an enhanced measure of
long-term diet because random variation can be minimized by
taking the average of multiple replicates. For example, in a
second validation study that also included ⬃100 women in our
first validation study, the correlations for saturated fat were
0.54 between the 1980 food-frequency questionnaire and the
1980 diet record, 0.76 between the 1986 questionnaire and the
1986 diet record, and 0.80 between the average of the 1980,
1984, and 1986 food-frequency questionnaires with the average
of 1980 and 1986 diet records (7). Thus, the attenuation of
relative risks due to errors in dietary assessment are substantially reduced by the increased precision of our methods and use
of multiple replicates. In addition, we have recently used fasting
triglyceride levels as an indicator to assess the ability of our
questionnaire to measure dietary fat. In controlled metabolic
studies, reductions in dietary fat as a percentage of calories
increased levels of fasting plasma triglycerides. In the Nurses’
Health Study, we found that fasting triglyceride levels among
women with fat intake ⬍20% of energy as assessed by a
food-frequency questionnaire were approximately twice as high
compared with women with 45% of energy or more from fat
(15). This was confirmed in a similar analysis among members
of the Health Professionals Follow-up Study. This provides
additional evidence that our dietary assessment method is capable of identifying physiologically relevant differences in fat
intake.
The continued follow-up in the Nurses’ Health Study has
provided additional opportunities to examine the relationship
between dietary fat and breast cancer risk. In the most recent
update (16), we examined the relationship between fat intake
and breast cancer incidence over a 14-year period. This allowed
the use of repeated questionnaire measurements to provide a
better estimate of long-term average diet, the examination of
breast cancer incidence among postmenopausal women (who
were relatively few in our first analysis), and the evaluation of
a wide range of fat intake because of both the larger numbers
of cases and decreases in fat intake over time. During the
14-year follow-up, nearly 3000 women in the Nurses’ Health
Study developed breast cancer. As before, after adjustment for
standard risk factors we found a weak overall inverse association between dietary fat intake, which ranged from ⬍20% of
energy to ⬎55% of energy. With the larger number of cases,
this inverse of trend was statistically significant.
During this period of time, six other large prospective
studies have examined the relationship between fat intake and
breast cancer incidence, with all finding weak or no association.
We and the investigators of the other large prospective studies
have conducted a pooled analysis combining data from all these
studies, which included nearly 5000 incidence cases of breast
cancer (17). Overall, there was no significant relationship between fat intake and breast cancer risk. However, among the

small number of women who reported ⬍15% energy from fat,
we observed a significant 2-fold increase in risk of breast
cancer. This elevation in risk intake provides additional evidence that a major reduction in incidence at very low intake is
unlikely. Furthermore, hyperinsulinemia, which has been hypothesized to increase breast cancer risk (18), is exaggerated
with high-carbohydrate/low-fat intake among persons with
underlying insulin resistance (19). Because much of the postmenopausal US population has insulin resistance due to inactivity and overweight, it is conceivable that high carbohydrate
intake in the context of American lifestyles may increase breast
cancer risk.
Although fat and breast cancer have been the focus of
methodological developments in diet and cancer, similar findings exist for colon cancer. A strong positive association was
suggested by international comparisons, but case-control studies have not shown an association with fat intake after adequately adjusting for total energy intake (20). Prospective studies, although more limited in number and size, have also not
supported an association (21). Although not entirely consistent,
an association with red meat consumption has been seen in a
number of prospective studies (21), which is not true for breast
cancer.
Findings on dietary fat in relation to coronary heart disease
in the Nurses’ Health Study provide further evidence that our
dietary methodology can detect important associations. In the
14-year follow-up, which included nearly 1000 incidence cases
of coronary heart disease, we found a significant positive association with intake of trans fat, a weak positive association
with saturated fat, and significant inverse associations with
monounsaturated and polyunsaturated fat intake (22). These
correspond to the associations predicted on the basis of metabolic studies examining the effects of specific dietary fats on
LDL and HDL cholesterol. Among women with high intake of
trans fat and low intake of polyunsaturated fat, compared with
those with low intake of trans fat and high intake of polyunsaturated fat, there was a 3-fold of higher risk of coronary heart
disease. These data indicate that the food-frequency questionnaire can detect important disease associations and that the type
of fat, not total fat intake, should guide dietary choices.
Another widely accepted hypothesis has been that higher
dietary fiber, particularly from grains, reduces risk of colon
cancer (23). This was largely based on cross-national comparisons and some animal studies. Although case-control studies
had suggested that higher intake of fiber from fruits and vegetables might be associated with lower risk of colon cancer,
such studies had quite consistently failed to demonstrate lower
risk with higher cereal fiber consumption (24), thus, raising
questions as to whether fiber per se was the responsible factor.
In our prospective studies of both men (25) and women (26), we
found no relationship between overall dietary fiber or fiber
from cereal products and risk of colon cancer. Within the same
cohorts, we also found no evidence that dietary fiber was
related to occurrence of colon adenomas in men (27) or women
(26), thus reducing the likelihood that an association with colon
cancer had been missed simply because we were observing the
process too late. A lack of association between fiber intake and
colon cancer has also been seen in other prospective cohort
studies (28 –31). In contrast, in both men (32) and women (33)
we found significant inverse associations between cereal fiber
intake and risk of coronary heart disease, with an ⬃30% lower
risk among those in the highest compared with the lowest
quintiles of intake. Similarly, we have seen inverse associations
between fiber consumption and risk of adult onset diabetes in
both cohorts (34, 35) and diverticular disease (36). Again, the
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non-cancer outcomes provide strong evidence that we do have
informative variation in fiber intake and the ability to measure
it within our cohort studies. Recently, intervention trials among
individuals with a previous diagnosis of adenoma have also
provided evidence that there is little or no important effect
of fiber intake up to ⬃30 g per day on recurrence of adenomas
(37, 38).
High consumption of fruits and vegetables has been
thought to be particularly important for cancer prevention and
has served as the basis for the national “5-a-day” campaign. A
recent major review concluded, “There is convincing evidence
that diets high in vegetable and/or fruits protect against cancers
of the mouth and thorax, esophagus, lung, stomach, and colon
and rectum. Such diets probably also protect against cancers of
the larynx, pancreas, breast, and bladder . . .” (23). However,
the vast majority of literature up to this point has been based on
case-control studies, and in recent cohort studies the associations usually have been considerably weaker. For example, in
32 case-control studies of stomach cancer, there was a remarkably consistent inverse association between consumption of
fruits and vegetables (23), whereas in the first detailed prospective study, there was no overall association after excluding the
first year of follow-up (39). In addition, we have recently
combined the data from the Nurses’ Health Study and Health
Professionals Follow-up Study to examine the relationship between consumption of fruits and vegetables and risk of colon
cancer, which provided a particularly powerful analysis including nearly 1000 incidence cases (40). No overall association
was seen, and there was no suggestion of an inverse association
with any specific grouping of fruits and vegetables. A number
of possible reasons may explain why the inverse relationships
reported from case-control studies may have been overstated.
First, recall bias is possible in the context of a case-control
study. This bias is almost guaranteed to exist in a situation
where control participation is less than complete because those
who participate are likely to be more health conscious and
consume greater amounts of fruits and vegetables. In addition,
selective reporting and publication is likely in part because
many fruits and vegetables are examined and typically only a
few are reported. Frequently, studies are said to be positive
when only one or a few of the fruits and vegetables examined
were significantly related to risk of cancer, which may be due
to chance (41, 42). Also, the broad category of “fruits and
vegetables” may be too nonspecific; if biological effects are
related to specific nutrients, then perhaps only one or a few
vegetables may be related to a specific cancer. Furthermore,
within the US, use of vitamin supplements and fortified food is
now widespread so that a beneficial effect of fruits and vegetables could well be missed if it was due to one of the nutrients
contained in supplements. Furthermore, it is also possible that
the risk of cancer becomes elevated only at a very low intake of
fruits and vegetables, i.e., the relationship is nonlinear, and few
individuals in the populations being studied consume such a
low amount.
Although increasing fruits and vegetables overall appears
to be less promising as a way to substantially reduce cancer
risk, multiple lines of evidence suggest that higher intake of
folic acid may be beneficial. Two hypotheses exist whereby
folic acid could reduce cancer incidence. First, folic acid provides a methyl group needed for the synthesis of methionine,
which then is used for DNA methylation and regulation of gene
expression. In addition, folic acid provides a methyl group
necessary for the conversion of uracil to thymine, and inadequate folic acid can result in the replacement of uracil for
thymine in DNA. Thus, among individuals in the lowest quar-

tile of red blood cell folate, a 10-fold increase in uracil incorporation into DNA was observed, which was reversible with
folic acid supplementation (43).
Because of the potential for reduction in cancer risk with
higher folic acid intakes, we examined the associations with
colon and breast cancer in our prospective studies. We have
good evidence that our dietary questionnaire measures folic
acid well. In the Framingham Heart Study population, plasma
folic acid levels were positively related to intake assessed by
our food-frequency questionnaire, and plasma homocysteine
levels were strongly inversely related to our calculated folic
acid intake (44). In a combined analysis of the Nurses’ Health
Study and Health Professionals Follow-up Study, Giovannucci
et al. (45) found that folic acid intake was inversely related to
risk of colon adenoma. Furthermore, use of multiple vitamins
containing folic acid for 15 or more years was associated with
a substantial reduction in risk of colon cancer in the Nurses’
Health Study, but shorter-term use had only a weak relationship
with risk (46). These data suggest that folic acid consumption
during the early stages of colon carcinogenesis may be particularly important. Further evidence for a role of folic acid in
colon carcinogenesis is provided by a relationship with a functionally important polymorphism in the methylenetetrahydrofolate reductase gene. Specifically, the val/val genotype, which
results in lower enzymatic activity, has been associated with
reduced risk of colon cancer (47, 48). Although additional
confirmatory data are needed, this association provides support
for a role of folic acid because it is unlikely that a polymorphism in an enzyme involved in folic acid metabolism would be
associated with colon cancer if the substrate for the enzyme did
not influence the carcinogenic process.
Alcohol consumption, a known risk factor for colon cancer, can interfere with folic acid availability (49 –52), and an
interaction between folate intake and alcohol consumption has
been seen in relation to colon cancer risk (53). Specifically,
among men consuming the highest amounts of folic acid, alcohol did not appear to increase risk of colon cancer. A similar
interaction between folic acid intake and alcohol consumption
has also been seen for breast cancer; alcohol consumption
appears to increase breast cancer primarily among women who
also have low folic acid consumption (54). These findings,
which have practical implications, have recently been reproduced by others (55, 56).
If neither fat, fiber, nor fruits and vegetables are important
risk factors for breast and colon cancer, then what can explain
the large international differences in cancer risk? A consideration of the animal literature is worthwhile and clearly suggests
that the most powerful and consistent dietary influence on
carcinogenesis is simply energy restriction (23). This has been
documented for numerous tumor sites and across multiple animal models. The effects are often profound; for example, a
30% restriction in energy intake can reduce mammary tumors
by as much as 80% (57). The study of energy intake in human
cancer is complex because energy intake is largely determined
by physical activity; thus, lean individuals and populations
often have higher energy intake because of high levels of
physical activity. An assessment of the difference between
energy intake and energy expenditure is not feasible because
neither variable is measured with adequate precision to assess
the small differences that could cumulatively be important over
many years. Fortunately, indirect indicators of energy balance,
such as body weight and changes in weight, are readily and
precisely measured (7).
Epidemiologic data accumulated during the last decade
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have provided strong support for an important effect of energy
balance on human cancer risk. A positive association between
adiposity and risk of colon cancer has been noted in men for a
number of years, but more recent data indicate that the relationship exists for women as well (58, 59). Waist circumference
may be an even stronger predictor for colon cancer risk in men
(60). Although the relationship between body weight or weight
change and breast cancer risk has generally been weak in most
prospective studies, this appears to be due in part to a masking
effect of hormone replacement use, which leads to elevated
levels of circulating estrogens regardless of body weight.
Among women who never use hormone replacement therapy, a
strong dose-response relationship between weight change during adult life and breast cancer risk has been observed (61– 66).
Regular physical activity contributes to a lower prevalence
of overweight and obesity, and will thus help reduce risk of
breast and colon cancer by this mechanism alone. Studies of
physical activity and cancer risk suggest that regular activity
also has an independent effect. The evidence is quite consistent
for colon cancer (58, 60, 67). For breast cancer, the association
has been somewhat less consistent, but the overall evidence
suggests that a modest benefit exists (68, 69). More data are
needed to further our understanding regarding the form of
activity and period in life when the benefits are greatest. Because of imperfect assessments of physical activity, both within
countries and between populations, it is presently difficult to
estimate quantitatively the contribution of physical activity to
international differences. However, because the levels of physical activity in traditional rural societies are probably much
higher than present US levels, the contribution is likely to be
large.
We have recently examined within our cohort of men the
proportion of colon cancer that is potentially preventable by
simultaneous reduction of six modifiable risk factors (70). For
this analysis, we defined a low-risk group as body mass index
⬍25 kg/m2, ⬎30 min a day of vigorous to moderate physical
activity, alcohol consumption ⬍15 g/day or 15–30 g/day with
supplemental folic acid, folic acid supplement of 100 g/day or
more, less than three pack-years of lifetime smoking, and two
or fewer servings of red meat per week. Although none of these
definitions involve extreme changes in lifestyle, only 3.1% of
the population fell into the joint low-risk group. On the basis of
the data within this cohort of men, the population attributable
risk was 71% (95% confidence interval, 33–92%), suggesting
that the large majority of colon cancer in this group is potentially avoidable. Because this group had already adopted many
health-conscious behaviors compared with the general United
States population, the overall percentage in the US population
should be even higher.
Summary
Available evidence suggests several conclusions:
(a) Weight control and regular physical activity should be high
priorities for prevention of cancer as well as cardiovascular
disease.
(b) Decisions about dietary fat should be made primarily on its
relationship with cardiovascular disease, not cancer. Replacing saturated and trans fat with unsaturated fat will be
beneficial, but replacing fat overall with carbohydrate will
have little effect.
(c) Consuming an abundance of fruits and vegetables and
eating grains in a minimally processed, high-fiber form is
desirable, but the benefits appear greater for cardiovascular
disease than for cancer.

(d) Adequate folic acid intake appears important in reducing
cancer risk, particularly if alcohol is consumed regularly.
Taking a multiple vitamin is the most reliable way.
(e) Much remains to be learned about diet and cancer, in
particular about long-term effects. A wealth of new data
will emerge from the more than 30 large prospective studies
that are already underway (7).
References
1. Armstrong, B., and Doll, R. Environmental factors and cancer incidence and
mortality in different countries, with special reference to dietary practices. Int. J.
Cancer, 15: 617– 631, 1975.
2. Doll, R., and Peto, R. Avoidable risks of cancer in the United States. J. Natl.
Cancer Inst. (Bethesda), 66: 1196 –1265, 1981.
3. Michels, K. B., and Willett, W. C. The Women’s Health Initiative: daughter
of politics or science? Principles Practices Oncol. 6: 1–11, 1992.
4. Freedman, L. S., Prentice, R. L., Clifford, C., Henderson, M., and Rossouw,
J. Dietary fat and breast cancer: where we are. J. Natl. Cancer Inst. (Bethesda),
85: 764 –765, 1993.
5. Beaton, G. H., Milner, J., McGuire, V., Feather, T. E., and Little, J. A. Source
of variance in 24-hour dietary recall data: implications for nutrition study design
and interpretation. Carbohydrate sources, vitamins, and minerals. Am. J. Clin.
Nutr., 37: 986 –995, 1983.
6. Beaton, G. H., Milner, J., Corey, P., McGuire, V., Cousins, M., Stewart, E., de
Ramos, M., Hewitt, D., Grambsch, P. V., Kassim, N., and Little, J. A. Sources of
variance in 24-hour dietary recall data: implications for nutrition study design and
interpretation. Am. J. Clin. Nutr., 32: 2546 –2549, 1979.
7. Willett, W. C. Nutritional Epidemiology, 2nd Edition. New York: Oxford
University Press, 1998.
8. Willett, W. C., Sampson, L., Stampfer, M. J., Rosner, B., Bain, C., Witschi, J.,
Hennekens, C. H., and Speizer, F. E. Reproducibility and validity of a semiquantitative food frequency questionnaire. Am. J. Epidemiol., 122: 51– 65, 1985.
9. Rosner, B., Spiegelman, D., and Willett, W. C. Correction of logistic regression relative risk estimates and confidence intervals for random within-person
measurement error. Am. J. Epidemiol., 136: 1400 –1413, 1992.
10. Spiegelman, D., McDermott, A., and Rosner, B. Regression calibration
method for correcting measurement— error bias in nutritional epidemiology.
Am. J. Clin. Nutr., 65: (Suppl): 1179S–1186S, 1997.
11. Willett, W. C. Correction for the effects of measurement error. Nutritional
Epidemiology, pp. 272–291. New York: Oxford University Press, 1990.
12. Miller, A. B., Kelly, A., Choi, N. W., Matthews, V., Morgan, R. W., Munan,
L., Burch, J. D., Feather, J., Howe, G. R., and Jain, M. A study of diet and breast
cancer. Am. J. Epidemiol., 107: 499 –509, 1978.
13. Committee on Diet Nutrition and Cancer, Assembly of Life Sciences, and
National Research Council. Diet, Nutrition, and Cancer. Washington: National
Academy Press, 1982.
14. Willett, W. C., Stampfer, M. J., Colditz, G. A., Rosner, B. A., Hennekens,
C. H., and Speizer, F. E. Dietary fat and the risk of breast cancer. N. Engl. J. Med.,
316: 22–28, 1987.
15. Holmes, M. D., Spiegelman, D., Willett, W. C., Manson, J. E., Hunter, D. J.,
Barbieri, R. L., Colditz, G. A., and Hankinson, S. E. Dietary fat and endogenous
sex steroid hormone levels in postmenopausal women. J. Clin. Oncol., 18:
3668 –3376, 2000.
16. Holmes, M. D., Hunter, D. J., Colditz, G. A., Stampfer, M. J., Hankinson,
S. E., Speizer, F. E., Rosner, B., and Willett, W. C. Association of dietary intake
of fat and fatty acids with risk of breast cancer. JAMA, 281: 914 –920, 1999.
17. Hunter, D. J., Spiegelman, D., Adami, H. O., Beeson, L., van den Brandt,
P. A., Folsom, A. R., Fraser, G. E., Goldbohm, R. A., Graham, S., Howe, G. R.,
Kushi, L. H., Marshall, J. R., McDermott, A., Miller, A. B., Speizer, F. E., Wolk,
A., Yaun, S-S., and Willett, W. C. Cohort studies of fat intake and the risk of
breast cancer: a pooled analysis. N. Engl. J. Med., 334: 356 –361, 1996.
18. Kaaks, R. Nutrition, hormones, and breast cancer: is insulin the missing link?
Cancer Causes Control, 7: 605– 625, 1996.
19. Jeppesen, J., Schaaf, P., Jones, G., Zhou, M. Y., Chen, Y. D., and Reaven,
G. M. Effects of low-fat, high-carbohydrate diets on risk factors for ischemic
heart disease in postmenopausal women. Am. J. Clin. Nutr., 65: 1027–1033,
1997.
20. Howe, G. R., Hirohata, T., Hislop, T. G., Iscovich, J. M., Yuan, J. M.,
Katsouyanni, K., Lubin, F., Marubini, E., Modan, B., Rohan, T., Toniolo, P., and
Shunzhang, Y. Dietary factors and risk of breast cancer: combined analysis of 12
case-control studies. J. Natl. Cancer Inst. (Bethesda), 82: 561–569, 1990.
21. Giovannucci, E., and Willett, W. C. Dietary factors and risk of colon cancer.
Ann. Med., 26: 443– 452, 1994.
22. Hu, F. B., Stampfer, M. J., Manson, J. E., Rimm, E. B., Colditz, G. A.,
Rosner, B. A., Hennekens, C. H., and Willett, W. C. Dietary fat intake and the risk
of coronary heart disease in women. N. Engl. J. Med., 337: 1491–1499, 1997.
23. World Cancer Research Fund, and American Institute for Cancer Research.
Food, Nutrition and the Prevention of Cancer: a Global Perspective. Washington:
American Institute for Cancer Research, 1997.
24. Willett, W. The search for the causes of breast and colon cancer. Nature
(Lond.), 338: 389 –94, 1989.

Downloaded from cebp.aacrjournals.org on November 30, 2021. © 2001 American Association for Cancer
Research.

7

8

ACS Award Lecture: Diet and Cancer

25. Giovannucci, E., Rimm, E. B., Stampfer, M. J., Colditz, G. A., Ascherio, A.,
and Willett, W. C. Intake of fat, meat, and fiber in relation to risk of colon cancer
in men. Cancer Res., 54: 2390 –2397, 1994.
26. Fuchs, C. S., Colditz, G. A., Stampfer, M. J., Speizer, F. E., Giovannucci, E.,
Hunter, D. J., Rosner, B., and Willett, W. C. Dietary fiber and the risk of
colorectal cancer and adenoma in women. N. Engl. J. Med., 340: 169 –176, 1999.
27. Platz, E. A., Giovannucci, E., Rimm, E. B., Rockett, H. R. H., Stampfer,
M. J., Colditz, G. A., and Willett, W. C. Dietary fiber and distal colorectal
adenoma in men. Cancer Epidemiol. Biomark. Prev., 6: 661– 670, 1997.
28. Bostick, R. M., Potter, J. D., Kushi, L. H., Sellers, T. A., Steinmetz, K. A.,
McKenzie, D. R., Gapstur, S. M., and Folsom, A. R. Sugar, meat, and fat intake,
and non-dietary risk factors for colon cancer incidence in Iowa women (United
States). Cancer Causes Control, 5: 38 –52, 1994.
29. Steinmetz, K. A., Kushi, L. H., Bostick, R. M., Folsom, A. R., and Potter,
J. D. Vegetables, fruit, and colon cancer in the Iowa Women’s Health Study.
Am. J. Epidemiol., 139: 1–15, 1994.
30. Gaard, M., Tretli, S., and Løken, E. B. Dietary factors and risk of colon
cancer: a prospective study of 50,535 young Norwegian men and women. Eur. J.
Cancer Prev., 5: 445– 454, 1996.
31. Willett, W. C., Stampfer, M. J., Colditz, G. A., Rosner, B. A., and Speizer,
F. E. Relation of meat, fat, and fiber intake to the risk of colon cancer in a
prospective study among women. N. Engl. J. Med., 323: 1664 –1672, 1990.
32. Rimm, E. B., Ascherio, A., Giovannucci, E., Spiegelman, D., Stampfer, M. J.,
and Willett, W. C. Vegetable, fruit, and cereal fiber intake and risk of coronary
heart disease among men. JAMA, 275: 447– 451, 1996.
33. Wolk, A., Manson, J. E., Stampfer, M. J., Colditz, G. A., Hu, F. B., Speizer,
F. E., Hennekens, C. H., and Willett, W. C. Long-term intake of dietary fiber and
decreased risk of coronary heart disease among women. JAMA, 281: 1998 –2004,
1999.
34. Salmeron, J., Manson, J. E., Stampfer, M. J., Colditz, G. A., Wing, A. L., and
Willett, W. C. Dietary fiber, glycemic load, and risk of non-insulin-dependent
diabetes mellitus in women. JAMA, 277: 472– 477, 1997.
35. Salmeron, J., Ascherio, A., Rimm, E. B., Colditz, G. A., Spiegelman, D.,
Jenkins, D. J., Stampfer, M. J., Wing, A. L., and Willett, W. C. Dietary fiber,
glycemic load, and risk of NIDDM in men. Diabetes Care, 20: 545–550, 1997.
36. Aldoori, W. H., Giovannucci, E. L., Rimm, E. B., Wing, A. L., Trichopoulos,
D. V., and Willett, W. C. A prospective study of diet and the risk of symptomatic
diverticular disease in men. Am. J. Clin. Nutr., 60: 757–764, 1994.
37. Alberts, D. S., Martinez, M. E., Roe, D. J., Guillen-Rodriguez, J. M.,
Marshall, J. R., van Leeuwen, J. B., Reid, M. E., Ritenbaugh, C., Vargas, P. A.,
Bhattacharyya, A. B., Earnest, D. L., Sampliner, R. E., Parish, D., Koonce, K.,
and Fales, L. Lack of effect of a high-fiber cereal supplement on the recurrence
of colorectal adenomas. Phoenix Colon Cancer Prevention Physicians’ Network.
N. Engl. J. Med., 342: 1156 –1162, 2000.
38. Schatzkin, A., Lanza, E., Corle, D., Lance, P., Iber, F., Caan, B., Shike, M.,
Weissfeld, J., Burt, R., Cooper, M. R., Kikendall, J. W., Cahill, J., Freedman, L.,
Marshall, J., Schoen, R. E., and Slattery, M. Lack of effect of a low-fat, high-fiber
diet on the recurrence of colorectal adenomas. Polyp Prevention Trial Study
Group. N. Engl. J. Med., 342: 1149 –1155, 2000.
39. Botterweck, A. A. M., Vandenbrandt, P. A., and Goldbohm, R. A. A Prospective cohort study on vegetable and fruit consumption and stomach cancer risk
in the Netherlands. Am. J. Epidemiol., 148: 842– 853, 1998.
40. Michels, K. B.. Giovannucci, E., Joshipura, K. J., Rosner, B. A., Stampfer, M.
J., Fuchs, C. S., Colditz, G. A., Speizer, F. E., and Willett, W. C. Fruit and
vegetable consumption and colon cancer risk in men and women. J. Natl. Cancer
Inst. 92: 1740 –1752, 2000.
41. Steinmetz, K. A., and Potter, J. D. Vegetables, fruit and cancer. I. Epidemiology. Cancer Causes Control, 2: 325–357, 1991.
42. Block, G., Patterson, B., and Subar, A. Fruit, vegetables, and cancer prevention. Nutr. Cancer, 18: 1–29, 1992.
43. Blount, B. C., Mack, M. M., Wehr, C. M., MacGregor, J. T., Hiatt, R. A.,
Wang, G., Wickramasinghe, S. N., Everson, R. B., and Ames, B. N. Folate
deficiency causes uracil misincorporation into human DNA and chromosome
breakage: implications for cancer and neuronal damage. Proc. Natl. Acad. Sci.
USA, 94: 3290 –3295, 1997.
44. Tucker, K. L., Mahnken, B., Wilson, P. W. F., Jacques, P., and Selhub, J.
Folic acid fortification of the food supply: potential benefits and risks for the
elderly population. JAMA, 276: 1879 –1885, 1996.
45. Giovannucci, E., Stampfer, M. J., Colditz, G. A., Rimm, E. B., Trichopolous,
D., Rosner, B. A., Speizer, F. E., and Willett, W. C. Folate, methionine, and
alcohol intake and risk of colorectal adenoma. J. Natl. Cancer Inst. (Bethesda),
85: 875– 884, 1993.
46. Giovannucci, E., Stampfer, M. J., Colditz, G. A., Hunter, D. J., Fuchs, C.,
Rosner, B. A., Speizer, F. E., and Willett, W. C. Multivitamin use, folate, and
colon cancer in women in the Nurses’ Health Study. Ann. Intern. Med., 129:
517–524, 1998.
47. Chen, J., Giovannucci, E., Hankinson, S. E., Ma, J., Willett, W. C.,
Spiegelman, D., Kelsey, K. T., and Hunter, D. J. A prospective study of meth-

ylenetetrahydrofolate reductase and methionine synthase gene polymorphisms,
and risk of colorectal adenoma. Carcinogenesis, 19: 2129 –2132, 1998.
48. Ma, J., Stampfer, M. J., Giovannucci, E., Artigas, C., Hunter, D. J., Fuchs, C.,
Willett, W. C., Selhub, J., Hennekens, C. H., and Rozen, R. Methylenetetrahydrofolate reductase polymorphism, dietary interactions, and risk of colorectal
cancer. Cancer Res., 57: 1098 –1102, 1997.
49. Baron, J. A., Sandler, R. S., Haile, R. W., Mandel, J. S., Mott, L. A., and
Greenberg, E. R. Folate intake, alcohol consumption, cigarette smoking, and risk
of colorectal adenomas. J. Natl. Cancer Inst. (Bethesda), 90: 57– 62, 1998.
50. Brussaard, J. H., Lowik, M. R., van den Berg, H., Brants, H. A., and
Goldbohm, R. A. Folate intake and status among adults in the Netherlands. Eur.
J. Clin. Nutr., 51 (Suppl. 3): S46 –S50, 1997.
51. Naughton, C. A., Chandler, C. J., Duplantier, R. B., and Halsted, C. H. Folate
absorption in alcoholic pigs: in vitro hydrolysis and transport at the intestinal
brush border membrane. Am. J. Clin. Nutr., 50: 1436 –1441, 1989.
52. Cravo, M. L., Gloria, L. M., Selhub, J., Nadeau, M. R., Camilo, E. M.,
Resende, M. P., N., C. J., Leitao, C. N., and Mira, M. E. Hyperhomocysteinemia
in chronic alcoholism: correlation with folate, vitamin B-12, and vitamin B-6
status. Am. J. Clin. Nutr., 63: 220 –224, 1996.
53. Giovannucci, E., Rimm, E. B., Ascherio, A., Stampfer, M. J., Colditz, G. A.,
and Willett, W. C. Alcohol, low-methionine-low-folate diets, and risk of colon
cancer in men. J. Natl. Cancer Inst. (Bethesda), 87: 265–273, 1995.
54. Zhang, S., Hunter, D. J., Hankinson, S. E., Giovannucci, E. L., Rosner, B. A.,
Colditz, G. A., Speizer, F. E., and Willett, W. C. A prospective study of folate
intake and the risk of breast cancer. JAMA, 281: 1632–1637, 1999.
55. Rohan, T. E., Jain, M. G., Howe, G. R., and Miller, A. B. Dietary folate
consumption and breast cancer risk. J. Natl. Cancer Inst. (Bethesda), 92: 266 –
269, 2000.
56. Sellers, T. A., Vierkant, R. A., Kushi, L. H., Cerhan, J. R., Vachon, C. M.,
Olson, J. E., Therneau, T. M., and Folsom, A. R. Prospective study of dietary
B-vitamin intake and risk of breast cancer: low folate is a risk factor among
alcohol users (abstract). Proc. Am. Assoc. Cancer Res., 41: 809, 2000.
57. Ip, C. Quantitative assessment of fat and calorie as risk factors in mammary
carcinogenesis in an experimental model. In: C. J. Mettlin and K. Aoki (eds.),
Recent Progress in Research on Nutrition and Cancer: Proceedings of a Workshop
Sponsored by the International Union Against Cancer, Held in Nagoya, Japan,
November 1–3, 1989, pp. 107–117. New York: Wiley-Liss, Inc., 1990.
58. Martinez, M. E., Giovannucci, E., Spiegelman, D., Hunter, D. J., Willett,
W. C., and Colditz, G. A. Leisure-time physical activity, body size, and colon
cancer in women. Nurses’ Health Study Research Group. J. Natl. Cancer Inst.
(Bethesda), 89: 948 –955, 1997.
59. Caan, B. J., Coates, A. O., Slattery, M. L., Potter, J. D., Quesenberry, C. P.,
Jr., and Edwards, S. M. Body size and the risk of colon cancer in a large
case-control study. Int. J. Obes. Relat. Metab. Disord., 22: 178 –184, 1998.
60. Giovannucci, E., Ascherio, A., Rimm, E. B., Colditz, G. A., Stampfer, M. J.,
and Willett, W. C. Physical activity, obesity, and risk for colon cancer and
adenoma in men. Ann. Intern. Med., 122: 327–334, 1995.
61. Huang, Z., Hankinson, S. E., Colditz, G. A., Stampfer, M. J., Hunter, D. J.,
Manson, J. E., Hennekens, C. H., Rosner, B., Speizer, F. E., and Willett, W. C.
Dual effects of weight and weight gain on breast cancer risk. JAMA, 278:
1407–1411, 1997.
62. Lubin, F., Ruder, A. M., Wax, Y., and Modan, B. Overweight and changes
in weight throughout adult life in breast cancer etiology. A case-control study.
Am. J. Epidemiol., 122: 579 –588, 1985.
63. Brinton, L. A., and Swanson, C. A. Height and weight at various ages and risk
of breast cancer. Ann. Epidemiol., 2: 597– 609, 1992.
64. Barnes-Josiah, D., Potter, J. D., Sellers, T. A., and Himes, J. H. Early body
size and subsequent weight gain as predictors of breast cancer incidence (Iowa,
United States). Cancer Causes Control, 6: 112–118, 1995.
65. Ziegler, R. G., Hoover, R. N., Nomura, A. M. Y., West, D. W., Wu, A. H.,
Pike, M. C., Lake, A. J., Horn-Ross, P. L., Kolonel, L. N., Siiteri, P. K., and
Fraumeni, J. F., Jr. Relative weight, weight change, height, and breast cancer risk
in Asian-American women. J. Natl. Cancer Inst. (Bethesda), 88: 650 – 660, 1996.
66. Tretli, S. Height and weight in relation to breast cancer morbidity and
mortality. A prospective study of 570,000 women in Norway. Int. J. Cancer, 44:
23–30, 1989.
67. Colditz, G., Cannuscio, C., and Frazier, A. Physical activity and reduced risk
of colon cancer: implications for prevention. Cancer Causes Control, 8: 649 – 667,
1997.
68. Rockhill, B., Willett, W. C., Hunter, D. J., Manson, J. E., Hankinson, S. E.,
and Colditz, G. A. A prospective study of recreational physical activity and breast
cancer risk. Arch. Intern. Med., 159: 2290 –2296, 1999.
69. Willett, W. C., Rockhill, B., Hankinson, S. E., Hunter, D. J., and Colditz, G.
A. Epidemiology and nongenetic causes of breast cancer. In: J. R. Harris, M. E.
Lippman, M. Morrow, and C. K. Osborne (eds.), Diseases of the Breast, Ed. 2, pp.
175–220. Philadelphia: Lippincott Williams & Wilkins, 2000.
70. Platz, E. A., Willett, W. C., Colditz, G. A., Rimm, E. B., Spiegelman, D. L.,
and Giovannucci, E. L. Proportion of colon cancer risk that might be preventable
in a cohort of middle-aged US men. Cancer Causes Control, 11: 579 –588, 2000.

Downloaded from cebp.aacrjournals.org on November 30, 2021. © 2001 American Association for Cancer
Research.

Diet and Cancer: One View at the Start of the Millennium
Walter C. Willett
Cancer Epidemiol Biomarkers Prev 2001;10:3-8.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/10/1/3

This article cites 59 articles, 12 of which you can access for free at:
http://cebp.aacrjournals.org/content/10/1/3.full#ref-list-1
This article has been cited by 23 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/10/1/3.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/10/1/3.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on November 30, 2021. © 2001 American Association for Cancer
Research.

