Descriptive epidemiology of cancer has shown that the
incidence of most cancers varies widely in different
populations around the world and within Europe. Cancer
of the breast, colorectum, prostate, endometrium, ovary
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Abstract

Over the past 20 years, a large number of epidemiological studies, particularly case-
control and cohort studies, have been conducted to investigate the role of diet and
the risk of developing different types of cancer. The most consistent finding so far is
the association observed between consumption of vegetables and fruit and reduced
risk of cancers of the digestive and respiratory tracts. More recently, evidence has
accumulated indicating that high consumption of red meat (mainly beef, lamb and
pork) and of preserved meat (‘charcuterie’) is specifically associated with a modest
but significant increase in colorectal cancer risk. Finally, there is epidemiological
evidence supporting an association between the risk of developing gastric cancer
and the intake of salt and salt-preserved foods.

Cancer incidence and dietary habits vary substantially across Europe, and the
expected benefit of dietary changes may be somewhat different in different
populations. Despite some uncertainty, it is generally agreed that an increase in the
consumption of vegetables and fruits and a decrease in the intake of red meat,
processed meat, alcoholic beverages, salt and salt-preserved foods should contribute
to a reduction in the incidence of cancers of the digestive and respiratory tract.
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Many of these observations were made more than 30
years ago with the publication of the first reliable data on
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and lung are generally much more frequent in the
economically more developed countries of Europe,
North America and Australia and much less frequent in
developing countries of Asia and Africa. On the other
hand, cancers of the stomach, liver, oesophagus and
cervix uteri are more frequent in developing countries of

central and south America, Africa and Asia’.

In recent years, changes in lifestyle and diet which
occurred in Japan were followed by a rapid increase in
the incidence of colorectal cancer (which is now at the
level of Western Europe) and of breast cancer (to a lesser
extent), suggesting the possibility of an association. It is
worth noting that the highest incidence of colorectal
cancer so far reported in the world is among Hawaiians of
Japanese origin, who have adopted a western style diet.

Even within Europe both the incidence of and mortality
from most of these cancers varies two- or three-fold.
Cancer incidence is generally lower in southern Medi-
terranean countries than in central and northern Europe,
with the notable exception of gastric cancer which is
more frequent on the Iberian peninsula and northern and
central Italy than in the rest of Europe (see Figs 1la and

1b)2.
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they constitute one of the basic arguments for the
hypothesis that lifestyle and environment play an
important role in cancer etiology.

Over the past 20 years, a large number of epidemio-
logical studies, particularly case-control studies and,
more recently, large cohort studies, have been con-
ducted to investigate the role of habitual diet and the
risk of developing different types of cancer. Both
epidemiological and experimental data on diet and
cancer have been reviewed recently by three major
working groups:

® One in the UK, the Committee on Medical Aspects of
Food and Nutrition Policy (COMA) Working Group on
Diet and Cancer’;

® One in France, the Commission Prévention des
Cancer par I'Alimentation’ of the ‘Centre National
d’Ftudes et de Recommandations sur la Nutrition et
I'Alimentation’ (CNERNA-CNRS-INRA);

® One at the international level, the World Cancer
Research Fund/American Institute for Cancer
Research (WCRE/AICR).

The three working groups reached very similar
conclusions which were published in three extensive
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Fig. 1 Incidence of cancer among men and women in the 15 EC countries: (a) Colorectum and stomach, (b) breast and prostate

reports®. As a global review of diet and cancer would
require over 1000 references of epidemiological studies,
we refer to these three monographs as pertinent sources
of information, except for major recently published
papers. In this brief document we will voluntarily restrict
ourselves to the major hypotheses and findings regarding
nutritional factors, including anthropometry and cancer.

Foods, dietary patterns and cancer risk

The most consistent finding in diet and cancer research is
the association observed between consumption of vege-
tables and fruit and reduced risk of several cancers. The
three monographs cited above all indicate that vegetables
and fruit are associated with reduced risk of cancers of the
pharynx, larynx, lung, oesophagus, stomach and cervix
uteri, while only vegetables but not fruit seem to protect
against cancer of the colon and rectum. The foods for
which a positive association with cancer risk has been
found consistently are red and processed meat for
colorectal cancer and Chinese-style salted fish for
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nasopharyngeal cancer (in south-east Asia only)
(Table D).

The protective effect of vegetable and fruit consump-
tion was first suggested by case-control studies conducted
in the 1970s and repeatedly confirmed over the last 20
years. The relative risks found in many epidemiological
studies suggest that comparatively high intake of vege-
tables and fruit may reduce by up to 50% the risk of
developing cancers of the digestive and respiratory tract,
irrespective of other possible risk factors such as alcohol,
tobacco, obesity and physical activity.

More precise quantitative estimates are being elabo-
rated within a project conducted by us at IARC with the
support of the WCRF. Preliminary results on colorectal
cancer indicate that an average consumption of more than
500 g of vegetables per day may lead to a reduction in risk
of the order of 60%. Notable exceptions to the global
epidemiological evidence on vegetables are the recent
results from the USA of two cohort studies on colorectal
cancer and consumption of vegetables and fruit®, and of

two clinical trials in the USA which found that
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Table 1 Overview of the strength of the association found in epidemiological studies between some foods and the risk of developing certain
types of cancer. Evidence of increased risk: T 11 = convincing, T T = probable, T = possible. Evidence of reducedrisk: | | | = convincing,

| | = probable, | = possible. No association with cancer risk = —

Vegetables Fruit (Red) Meat Processed Meat Salt Alcohol
Mouth/Pharynx/Larynx 1 L — — — T
Osophagus Ll Ll — — — T
Stomach () [ — T [N} —
Colorectum I | " 1 — "
Breast | l 1 — — "
Lung Ll L — — — —
Prostate l — 1 — — —

supplementation with high-fibre cereals and a switch to a
low-fat, high-fibre diet did not prevent the recurrence of
colorectal polyps (which are precursor lesions of colo-
rectal cancer)”'’. While the interpretation of these results,
and particularly of the clinical trials, in terms of the long-
term effect of a high-vegetable diet on colorectal cancer
risk is quite complex, the overall picture remains
supportive of a protective effect of vegetable intake on
colorectal cancer.

From current studies it is not possible to say whether
this protection is due to vegetables and fruit in general
or more specifically related to the intake of some types
of plant products. The authors’ opinion is that the
consistency of the results provided by studies conducted
in different continents and in populations consuming
different types of fruits and vegetables suggest that the
protective effect is likely to be due to a variety of
chemicals and physical characteristics widely and
commonly present in most vegetables and fruits
worldwide.

While vegetable and fruit intake has been found to be
protective for a variety of cancers, meat consumption has
been found to be specifically associated with an increased
risk of developing colorectal cancer. The epidemiological
studies examining the meat-colorectal cancer association
were reviewed recently'!. Total consumption of all types
of meat and meat products including beef, pork, lamb,
chicken and processed meats does not increase colorectal
cancer risk when consumption of all types of meat and
meat products (including beef, pork, lamb, chicken and
processed meats) is considered as a single variable. Only
4 out of 24 case-control studies and one out of 6 cohort
studies found a significant association. The results,
however, are more supportive of an association for
processed meats and red meat.

The processed meat category included very different
food items ranging from ham, raw ham, sausages, various
types of dried and salted meats as well as French-style
delicatessen-like ‘paté’. Eleven out of the 23 case-control
studies and 2 out of 6 prospective cohort studies found a
significantly increased risk for processed meat. Because of
the heterogeneity of the foods included in the ‘processed
meat’ category, however, it is not possible to identify any
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particular foods which may be more specifically asso-
ciated with colorectal cancer risk.

For red meat, 5 out of 14 case-control studies and 2 out
of 10 prospective studies found a significantly increased
risk. The same authors conducted a statistical meta-
analysis of the results of all the studies published so far on
meat and colorectal cancer, and estimated the relative risk
corresponding to a daily consumption of 40 and 80 g of
different meat products. The results indicate that, for a
similar hypothetical level of consumption, the increase in
risk is stronger for processed meat than for red meat. On
the other hand, the pooled relative risk for consumption
of total fresh meat, not including processed meat, was
about 1, indicating that overall there is no evidence of an
increased risk'?.

In the light of these results it is important for future
prevention strategies to consider that studies on dietary
habits show that between the north and the south of
Europe there are up to five-fold variations in mean
vegetable intake ranging from 370-500 g/day in Greece
(women and men, respectively) to about 100 g/day in
Iceland and Norway (Fig. 2a). Variations in average total
meat consumption across European populations are not
as large as for vegetables. However, the type of meat
varies considerably in different countries, with quite
different proportions of red meats (beef, veal, lamb and
pork) and other processed meats, which is very interest-
ing in view of the results summarized above on the
association found between colorectal cancer risk and
consumption of different types of meat (‘red’ meat,
preserved meat) but not of others (chicken) (Fig. 20).
Large variations also exist in fruit consumption, although
in this case there is no clear south-north trend as is the
case for vegetables (Fig. 2b).

Protein, carbohydrates and fat

Epidemiological studies on diet and cancer present well
known specific methodological difficulties, the most
important being the complexity of measuring usual
long-term diet at the individual level. The investigation
of nutrient intake presents the additional difficulty of how
to estimate the nutrient content of foods which, in most
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Fig. 2 Per capita consumption of vegetables (a), fruit (b) and meat (c) in 18 European countries
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Fig. 2 Continued

food consumption questionnaires, correspond to more or
less heterogeneous categories of foods. For these food
categories, only averaged and approximate food com-
position values can be used. These methodological
considerations may, to some extent, explain why the
results of epidemiological studies on nutrients have
generally given less consistent results than those on
foods. This is particularly true for macronutrients and
energy.

The results of epidemiological studies on macro-
nutrients have so far been much less consistent that
those on foods. No clear risk patterns have emerged for
consumption of protein. Some studies on oesophageal
cancer in populations with high alcohol intake found a
protective effect for animal protein (and meat) while
some studies on colorectal cancer found an increased risk
for animal protein (and meat).

Results on carbohydrates are difficult to interpret because
of inconsistencies in the way different food composition
tables subdivide total carbohydrates into sub-fractions that
have very different physiological and metabolic effects and
which may affect carcinogenesis in opposite ways. The only
pattern that seems to emerge so far is that consumption of
simple sugars (mono- and di-saccharides) may be associated
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with increased colorectal cancer risk, while consumption
of complex polysaccharides, non-starch polysaccharides
and/or fibre (partially overlapping categories based on
different chemical and physiological definitions) are
associated with lower cancer risk. Other less consistent
findings suggest that a diet excessively rich in starchy
foods (mainly beans, flour products or simple sugars) but
also poor in fruit and vegetables, may be associated with
increased gastric cancer risk.

The hypothesis that high fat intake is a major cancer
risk factor of the western-style diet has been at the centre
of most epidemiological and laboratory experimental
studies. The results are, however, far from clear and
definitive. A positive association with risk of cancers of
the breast and colorectum was suggested by studies
which found a positive and significant correlation
between per capita intake of fat, especially fat of animal
origin, and incidence of breast cancer in different
populations around the world"?. Case-control and cohort
studies, however, generally found either weak associa-
tions between fat intake and cancer risk'® or no
association, particularly after statistical adjustment for
total energy intake'>°.

A recent re-analysis of six large prospective studies
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conducted in Europe and North America (for a total of
322 000 women, among whom 4827 breast cancer cases
occurred during follow-up) investigated the relation
between breast cancer incidence and characteristics of
sexual maturation and reproductive life and their
possible interaction with fat intake in adult life. This
study strongly confirmed that breast cancer incidence
was higher in women who had early menarche, late
menopause, low parity and late age at first birth. In
addition, breast cancer incidence was found to be
higher in women who had suffered from benign breast
disease and women whose mother or sister had breast
cancer. Fat intake was not associated with breast cancer
incidence in the total cohort, nor in any of the
subgroups defined by these confirmed risk factors.
Despite the accumulation of epidemiological studies
which did not find any relationship between fat intake
and breast cancer, it is still possible that a weak
relationship exists, but it is obscured by the effect of
random dietary measurement error'’.

The effect of the balance between different types of
fats, mainly of n-3 and n-6 polyunsaturated, monounsa-
turated (n-9) or saturated fatty acids, has been investi-
gated in many laboratory studies i vitro and in vivo but
in very few epidemiological studies. Animal experiments
have generally indicated that high-fat diets rich in n-6
polyunsaturated fatty acids (PUFA) (mainly linoleic acid)
generally stimulated mammary tumour development and
metastasis, whereas diets rich in n-3 polyunsaturated fatty
acids (mainly alpha-linolenic, eicosapentaenoic and
Docosahexaenoic acids) appeared to inhibit tumour
growth and metastasis'®. Epidemiological studies in
which fat intake has been assessed in individuals by
questionnaire methods have generally provided weak or
no support for the hypothesis that dietary intake of n-3
PUFA might protect against breast or colorectal cancer.
Although some case control-studies'®™** showed inverse
associations between breast cancer risk and consumption
of fish rich in long-chain n-3 PUFA, these findings were
not confirmed by several prospective cohort studies®>**,
Pooled analyses of multiple case-control™ or cohort
studies'® showed no association between intake of
PUFA and risk of breast cancer. In none of these studies,
however, was any distinction made between n-6 and n-3
PUFA.

These limitations were overcome by two recent
prospective cohort studies conducted in Sweden and
Italy in which fatty acid composition was measured by
laboratory analyses of fatty acids in blood samples
collected at baseline years before breast cancer was
diagnosed® and Pala et al., personal communication. The
main findings of these studies were an absence of
association between breast cancer risk and blood
levels of n-3 PUFA. In conclusion, there is no clear
evidence that, in humans, n-3 PUFA reduces breast
cancer risk.
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Alcohol

There is sufficient evidence that alcoholic beverages are
carcinogenic to humans®®. The debate is still open,
however, on the net effect of moderate alcohol consump-
tion on all-cause mortality. Some studies which found
lower total mortality among moderate drinkers have been
given much publicity by the media. It has been claimed
that red wine may be more protective against cardiovas-
cular disease (and even against cancer) than other
alcoholic beverages such as beer. Other studies, however,
suggested that the benefit may be restricted to men and to
populations with high cardiovascular risk.

Salt and salt-preserved foods

The hypothesis that high intake of salt and salt-preserved
foods was among the first investigated 20—30 years ago in
relation to the etiology of gastric cancer. The Intersalt
Study covering 24 countries showed that gastric cancer
incidence tends to be higher in populations where salt
intake is high (correlation: 0.7)*” In recent decades more
than a dozen case-control studies have provided results
consistent with this hypothesis. Salt in itself does not seem
to be a carcinogen in rodents, but it causes gastric
metaplasia, a precursor lesion in the gastric cancer
pathway?®. In addition, salt-presented foods may contain
a large variety of nitroso compounds, either added during
food preparation (nitrites) or formed endogenously.

Intake of vitamins and minerals

The starting point for research on some vitamins and
cancer was the observation that high consumption of
vegetables and fruits is associated with reduced cancer
risk. Over the past two decades, epidemiological studies
on vitamins and cancer in humans has mainly focused on
carotenoids and vitamin A (retinol), vitamin E, vitamin C
and some of the group of B vitamins (folic acid, By). The
biological basis of the interest in these vitamins is their
involvement in either of two metabolic mechanisms
commonly called antioxidant effect (carotenoids, vitamins
C and E) and methyl donation (folic acid, Bg).

Carotenoids

Case-control studies based on dietary questionnaires and
several small prospective cohort studies based on blood
measurements have shown quite consistently that subjects
with lower levels of beta-carotene and other carotenoids
had increased lung cancer risk. Less consistent and
weaker protective effects of carotenoids have also been
reported for cancers of the oesophagus, stomach, colo-
rectum, breast and cervix.
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Vitamin C

Low dietary intake of vitamin C has been found to be
associated with increased risk of cancers of the stomach,
mouth, pharynx, oesophagus and, less consistently, with

cancers of the lung, pancreas and cervix.

Vitamin E

Although results on vitamin E and cancer are less strong
and consistent than those on carotenoids and vitamin C,
several studies have suggested that low vitamin E intake is
related to increased risk of cancers of the lung, cervix and

colorectum.

Folates and vitamin B

There is rising interest in the possible cancer preventive
effect of folic acid for which some prospective studies
have shown that high dietary intakes and higher blood
levels may be associated with reduced risk of cancers and
adenomatous polyps of the colorectum. Folates and
vitamin B6 are involved in the synthesis of methionine
and choline as methyl donors. Folate deficiency leads to
an accumulation of homocysteine. High homocysteine
levels have recently been found to be strongly predictive
of death from myocardial infarction, total mortality and
(possibly) cancer mortality**°. Two recent randomized
clinical trials found a modest protection against recur-
rence of colorectal polyps in subjects taking supplements

of non-absorbable calcium salt®'3?,

Minerals

Epidemiological studies conducted in populations with
high incidence of oesophageal cancer in China found that
zinc deficiency was common among these populations.
Some experimental studies also suggest that selenium
deficiency may increase cancer risk. Several epidemiolo-
gical studies have examined the association between
cancer risk and deficiencies of one of these minerals, with

very variable results.

Clinical trials on chemoprevention based on
supplementation with vitamins and minerals

Following the results of epidemiological studies on
antioxidant vitamins, several clinical trials were under-
taken with beta-carotene and vitamins E and C in relation
to cancer of the lung, oesophagus and stomach and
several precancerous lesions (oral leukoplakia and colo-
rectal adenomas). These studies produced varying results.
None of the four large trials on beta-carotene and lung

cancer found a protective effect.
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On the contrary, two of them (ATBC, in Finland and
CARET, in the USA)**?* observed increases in lung cancer
incidence of 18% and 28%, respectively, in the beta-
carotene group (beta-carotene plus vitamin A in CARET).
In the ATBC study the group receiving a vitamin E
supplement had a 34% reduction in prostate cancer
incidence, but deaths from cerebro-vascular accidents
doubled, and there was no decrease in total mortality.

Several combinations of vitamins and minerals were
tested in a large Chinese trial, and one of these (beta-
carotene+vitamin E+selenium) led to a 13% reduction in
total cancer mortality, a significant 21% reduction in
stomach cancer mortality, but no significant reduction
in oesophageal cancer, which was the primary target of
the study®”. Recently a clinical trial, originally designed to
investigate the prevention of the recurrence of non-
melanoma skin cancer found, in a secondary endpoint
analysis, that the incidence of prostate cancer was 63%
lower among those treated with selenium compared to
those receiving a placebo’®.

So far the studies on precancerous lesions have
produced quite differing results; for colorectal polyps,
the largest trials found no protection from supplementa-
tion with vitamin C and beta-carotene, whereas for oral
leukoplakia several studies showed that beta-carotene
had rapid and significant effects on total or partial
reduction in lesions.

An issue which is of primary concern for investigations
on diet and cancer is to what extent these rather
disappointing results (with the possible exception of
those on selenium) on cancer chemoprevention and
antioxidants negate the results obtained in observational
epidemiological studies on the same compounds and on
fruit and vegetables. There are at least two important
differences between these clinical trials and studies on
diet. The first is the dose; the clinical trials used doses of
beta-carotene (15 to 25 mg per day) which led to blood
concentrations 10 to 20 times higher than those achiev-
able through high dietary intake of fruit and vegetables.
The second is that clinical trials generally tested one or
two compounds at a time, at high doses, while fruit and
vegetables represent a complex mixture of hundreds of
natural compounds.

Regarding future research in this area, the quite
different results of clinical trials suggest that observational
studies combining dietary data and biological markers of
diet should be exploited more thoroughly to identify
combinations of nutrients that might be associated with
cancer prevention, and which may be candidates for
experimental studies on laboratory animals and, even-
tually, for chemoprevention trials in humans®”®,

Overweight and obesity

Epidemiological studies have shown with varying degrees
of consistency that excess body mass (usually estimated as
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weight/height squared, or body mass index) is associated
with increased risk of cancer of the endometrium, breast
and colon. It has been suggested that there may be an
association between anthropometric characteristics and
risk of cancer at other sites, but the data are more
inconsistent. The strongest and most consistent association
between body mass has so far been seen for endometrial
cancer, the risk of which is increased two- to six-fold in
obese compared to lean women, both before and after
menopause. A possible biological explanation for this
association is that adipose tissue is rich in aromatase which
converts androstenedione to oestrone, thus increasing
oestrogenic stimulation of the endometrial mucosa,
although other mechanisms may be possible®. Several
studies have investigated markers of fat distribution such
as weight-to-hip ratio (WHR) or subscapular-to-tight-
skinfold ratio (STR) in relation to endometrial cancer risk
with inconsistent results. Some studies found increased
risk for markers of abdominal or android obesity (high
WHR or STR) after adjustment for BMI (body mass index),
while others did not. The relationship between BMI and
breast cancer is even more complex. The majority of
case-control and prospective studies found that high
BMI increased breast cancer risk in post-menopausal
women, while it may slightly reduce risk in pre-
menopausal women. A possible explanation for this
apparent paradox is that overweight before menopause
could be related to anovulatory cycles, and fewer
ovulatory cycles (as determined by pregnancy and
lactation) are generally associated with lower breast
cancer risk. After menopause, obesity may act as for
endometrial cancer by enhancing the peripheral (as
opposed to gonadal and critical) production of
oestrogens.

An interesting finding of the US Nurses Cohort is the
important role of weight gain from the age of 20 to middle
age in determining the increase in risk of postmenopausal

breast cancer™’.

Conclusions

There is growing evidence that metabolic factors related
to diet, nutritional status, anthropometry and physical
activity have an influence on the development and
clinical appearance of various forms of cancer. Epide-
miological studies have so far indicated that different
dietary patterns may be specifically related to higher risk
of particular types of cancer. Western diet and lifestyle are
generally associated with high incidence of cancers of the
colorectum, breast, prostate and endometrium, but with
low incidence of cancers of the stomach, oesophagus,
liver and cervix uteri. The most consistent results of
epidemiological studies so far are that diets rich in fruit
and vegetables can reduce the risk of cancer of the
digestive and respiratory tract while high consumption of
red meat and meat products may increase colorectal
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cancer risk, and high consumption of salt can increase
gastric cancer risk.

On the other hand, data have accumulated suggesting
that some metabolic factors related to nutritional status,
such as obesity and physical activity, may also play a role
by increasing the risk of certain cancers, as seems to be
the case for cancer of the breast and endometrium.
Several prospective studies have lent strong support for
the hypothesis formulated decades ago regarding the
prominent role of endogenous hormone levels in
determining risk of cancer of the breast. Variations in
the pattern of oestrogens, androgens, IGF and their
binding proteins are probably determined by both
environmental and lifestyle factors, as well as by
inherited genetic characteristics, as suggested by recent
studies on polymorphisms of genes encoding for
enzymes regulating steroid hormone metabolism and
hormone receptors.

All these and other results reviewed in this document
indicate that the relationship between diet and cancer is
much more complex than was previously thought.
Research based on a combination of laboratory investiga-
tions on human subjects and sound epidemiological
projects of a prospective nature is likely to shed new light
on the link between nutritionally related factors and
cancer. In the meantime, public health recommendations
should focus on the benefits which can be expected from
a diet rich in vegetables and fruit, the avoidance of
overweight and a physically active lifestyle.
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