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Micronutrients and cancer aetiology: the epidemiological evidence

BY TIMOTHY KEY
Imperial Cancer Research Fund, Cancer Epidemiology Unit, Gibson Building,
Radcliffe Infirmary, Oxford OX2 6HE

This presentation is a discussion of the possible role of micronutrients in the aetiology of
common human cancers. It is not a systematic review of the topic. Useful published
reviews include a comprehensive review of fruit and vegetables in relation to cancer
(Block er al. 1992), a careful review of cancer risk and serum micronutrients in
prospective studies (Comstock et al. 1992), and the recent compilation prepared for the
Nutrition Society (UK Nutritional Epidemiology Group for the Nutrition Society, 1993).

MICRONUTRIENTS IN HUMAN DIETS

With the possible exception of Fe (see p. 609), the underlying hypothesis is that people
consuming larger amounts of certain micronutrients may have a lower risk of developing
certain types of cancer. It should be borne in mind, therefore, that the classic
micronutrient deficiency diseases occur almost entirely in poor people, mostly in Third
World countries. Therefore, if one ignores other possible complicating factors, it might
be expected that any cancers due to a low intake of micronutrients would be more
common in poor countries than in rich countries. This is true for some cancers for which
the role of micronutrients is under investigation (for example, cancers of the oesophagus,
stomach and cervix) but is the reverse of the situation for other cancers (colo-rectal,
breast, prostate).

INTERPRETATION OF EPIDEMIOLOGICAL STUDIES OF MICRONUTRIENTS

The conclusions drawn in the present discussion rely on epidemiological studies rather
than laboratory studies. The advantage of epidemiological studies is that they can
measure the association between an exposure such as micronutrient intake and the
development of cancer. One of their disadvantages is that they may be unable to
distinguish between dietary components which are strongly correlated with each other.
For example, individuals with diets high in fruit and vegetables typically have high
intakes of several micronutrients including carotene, ascorbic acid and pteroylglutamate
(folate) (for example, see Freudenheim er al. 1991), and measuring these chemicals in
blood samples does not necessarily help in distinguishing between them. Apparent
differences in the strength of the association of risk with different nutrients must be
interpreted with great caution because the strongest associations may be due simply to
more accurate measurement of some nutrients. For many micronutrients, especially
those which occur together in fruit and vegetables, epidemiological studies may never be
able to identify the true risk factor. Intervention trials can test the effects of specific
micronutrients, but few have yet been completed and they are limited to testing a small
number of nutrients over a few years of follow-up, much shorter than the likely duration
of development of most cancers.

https://doi.org/10.1079/PNS19940069 Published online by Cambridge University Press


https://doi.org/10.1079/PNS19940069

606 T. KEY

THE COMMONEST CANCERS WORLDWIDE

Pisani et al. (1993) have estimated the number of deaths due to cancer worldwide in 1985.
The seven commonest sites in men were lung, stomach, liver, colon-rectum, oesoph-
agus, mouth-pharynx and prostate, and those in women were breast, stomach, cervix,
colon-rectum, lung, ovary and oesophagus. The present review discusses each of these
sites in turn, with the exception of cancers of the liver and ovary (for which there is little
information on micronutrients) and oral cancer (for which the epidemiology is somewhat
similar to that for oesophageal cancer).

Lung cancer

Cigarette smoking is the major cause of lung cancer and most of the epidemiology of lung
cancer can be explained by smoking patterns, but a large number of observational
epidemiological studies have shown, almost without exception, that fruit and vegetable
consumption is inversely related to lung cancer risk (Block ez al. 1992; van Poppel, 1993).
Smokers eat less fruit and vegetables than non-smokers (Gregory et al. 1990), but the
inverse association of risk with fruit and vegetables remains after adjustment for smoking
(Dorgan et al. 1993) and has been observed among non-smokers (Mayne et al. 1994).
Several studies have reported that risk is inversely related to estimated consumption or
serum concentrations of carotenoids (for example, Knekt et al. 1991; Stihelin et al.
1991), but as noted previously this would be expected because these nutrients are
supplied by fruit and vegetables. The results of the observational studies could be due to
any of the constituents of fruit and vegetables.

The results recently published by The Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study Group (1994) provided no evidence for a protective effect of either
a-tocopherol or B-carotene after 5 to 8 years supplementation. Indeecd. the incidence of
lung cancer was higher in men who received B-carotene than in those who did not.
Although it is possible that a protective effect of carotene could have been missed
because the follow-up was too short, this trial has certainly weakened the hypothesis that
B-carotene reduces lung cancer risk and it now appears somewhat more likely that the
protective effect of fruit and vegetables is due to carotenoids other than 3-carotene, to
ascorbic acid, or to other nutrient or non-nutrient constituents of these foods. Le
Marchand et al. (1993) analysed risk in relation to intake of five different carotenoids and
reported that risk was inversely related to intake of a-carotene, B-carotene and lutein but
was not related to intake of lycopene or B-cryptoxanthin. They also reported that a high
intake of vegetables was more strongly protective than a high intake of the three
apparently protective carotenoids, suggesting that components of vegetables other than
carotenoids, or carotenoids not assessed, might be protective.

It is possible that some of the apparent protective effect of fruit and vegetables might
be due to an association of these foods with other dietary characteristics such as a low
intake of saturated fat and cholesterol, since these factors have been observed to be
positively associated with lung cancer risk (Shekelle et al. 1991; Alavanja et al. 1993).
Whether micronutrients affect risk or not, there is no doubt that cigarette smoking is the
major preventable cause of lung cancer.
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Oesophageal cancer

The incidence of oesophageal cancer is moderate in most Western populations but high
in parts of Asia and Africa and extremely high in certain restricted localities; the
incidence rates in Kazakhstan and northern Iran are the highest observed in general
populations for any type of cancer anywhere in the world (Cook-Mozaffari, 1989). The
range of incidence rates in men between different regions of the world is about 500-fold,
which is much larger than the range for other common cancers (Cook-Mozaffari, 1989).

The major identified causes of oesophageal cancer in Western countries are smoking
and alcohol consumption, and Day & Muioz (1982) have estimated that these two
factors probably account for about 90% of cases in Europe, North America and the
Caribbean and explain most of the variation with time, place and population group
within these countries. However, the extremely high rates of oesophageal cancer which
occur in both men and women in areas such as Iran are not due to smoking or alcohol
intake. The high-risk populations typically have diets composed of a small range of
foods, mostly plant foods, and may have low intakes of several micronutrients such as
retinol, B-carotene, riboflavin, ascorbic acid and vitamin E (Blot et al. 1993). Around the
south of the Caspian Sea, for example, little besides bread, tea and sugar is eaten for
most of the year and consequently the diet is very low in animal protein, retinol,
niboflavin and ascorbic acid, and clinical signs of riboflavin deficiency are widespread
(Cook-Mozaffari, 1989). In a comparison of low- and high-risk areas within China,
Thurnham et al. (1985) reported that riboflavin status (but not vitamin A or Zn status)
was significantly worse in the high-risk area. Other dietary factors characteristic of some
high-incidence populations may also increase risk; for example irritation of the oeso-
phageal mucosa by very hot food and drinks and by dry scratchy bread and maizemeal
{Cook-Mozaffari, 1989).

Almost all the analytical epidemiological studies have found that a high consumption
of fresh fruit and vegetables and, therefore, of carotenoids and ascorbic acid, is
associated with a reduced risk of oesophageal cancer (Steinmetz & Potter, 1991; Block
etal. 1992). A recent case—control study in Hong Kong, a high-risk area, found a tenfold
reduction in risk for frequent consumption of citrus fruits (Cheng et al. 1992). There was
also a significant increase in risk for a high intake of pickled vegetables, which are rich in
N-nitroso compounds. The attributable risks in this study were 48% for alcohol, 44% for
tobacco, 29% for pickled vegetables, 26% for a low intake of citrus fruits, 15% for a low
intake of green leafy vegetables, and 14% for consumption of hot drinks and soups.
These results illustrate the importance of both causative and protective dietary factors in
the aetiology of this cancer.

A randomized trial has been conducted in Linxian, China, to test the effects on cancer
incidence and mortality of four micronutrient preparations: retinol and Zn; riboflavin
and niacin; ascorbic acid and Mo; B-carotene, Se and a-tocopherol (Blot et al. 1993). The
relative risks for death from oesophageal cancer when these four preparations were given
were: 0-93, 0-90, 1-05 and 0-96 respectively, all not significant. Thus, there was no strong
evidence that any of the micronutrients tested can prevent oesophageal cancer, but the
follow-up period was only 5 years. It should also be noted that the validation study
conducted within this trial showed that the nutritional status for riboflavin and for
ascorbic acid improved substantially during the trial among the subjects who did not
receive these supplements, thus weakening the contrast between groups. In a parallel
trial of a multiple vitamin and mineral supplement among people with oesophageal
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dysplasia the relative risk of death from oesophageal cancer among those receiving the
supplement was 0:-84; this reduction was not statistically significant but the intervention
period was only 6 years (Li et al. 1993).

There was no evidence for a protective effect of either 8-carotene or vitamin E in the
Finnish study (Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group,
1994).

It is very likely that a substantial proportion of the high incidence of oesophageal
cancer in some populations is due to dietary deficiency of micronutrients such as vitamin
A, riboflavin, ascorbic acid and Zn, but the identity of these factors is not certain. The
attributable risk for micronutrient deficiencies is also not well-established, and some of
the high risk in some populations is due to other factors such as dietary N-nitroso
compounds.

Stomach cancer

Until it was recently overtaken by lung cancer, stomach cancer was the most common
cancer in the world. It is still a major cause of death in most countries, but rates are
generally much higher in poor countries than in rich countries and both incidence and
mortality rates have fallen dramatically over the past 40 years in virtually all countries for
which statistics are available (Mufioz, 1988).

Observational epidemiological studies have shown convincing evidence of a protective
effect of fruit and vegetables (Forman, 1991; Block et al. 1992) and of high plasma levels
of carotene and ascorbic acid (Stéhelin e al. 1991). Correa’s (1992) model proposes that
ascorbic acid may inhibit the intermediate stages of carcinogenesis by reducing intra-
gastric nitrosation, and that B-carotene might inhibit the later stages of carcinogenesis,
perhaps by scavenging free radicals and opening intercellular gap junction communi-
cations (Correa, 1992). The recent trial among the general population in Linxian, China,
reported a significant reduction in risk (relative risk 0-79) after 5 years of supplemen-
tation with a combination of B-carotene, vitamin E and Se, but no protective effect was
observed for ascorbic acid given with Mo (relative risk 1:09; Blot ez al. 1993). As noted
previously, this trial is weak for the ascorbic acid group because ascorbic acid intake rose
substantially in the control group. There was no evidence for a protective effect of
B-carotene (or a-tocopherol) after 5 to 8 years supplementation in the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study (Alpha-Tocopherol, Beta-
Carotene Cancer Prevention Study Group, 1994).

Although the evidence is incomplete, the hypothesis that ascorbic acid reduces the risk
for stomach cancer is strong. It is possible that some of the temporal trends and
international differences in rates of stomach cancer could be due to differences in
nutrient intake, especially for ascorbic acid, but there is no doubt that other factors
increase risk, including dietary salt, some preserved foods, and infection with the
bacterium Helicobacter pylori (Forman, 1991).

Colo-rectal cancer

Of all the common cancers, the certainty that dietary factors are aetiologically important
is probably greatest for colo-rectal cancer. Doll & Peto (1981) suggested that dietary
factors could account for 90% of the variation in rates between countries. However,
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there are several plausible dietary hypotheses and it has not yet been possible to identify
the most important factors. There is considerable theoretical and epidemiological
evidence in support of the following broad dietary hypotheses: that risk is increased by a
high intake of meat or animal fat and that risk is decreased by a high intake of dietary
fibre or fruit and vegetables (Potter, 1992).

Observational studies of fruit and vegetables and the risk of colo-rectal cancer have
provided considerable evidence of a protective effect (Block et al. 1992). As would be
expected, there are also several reports of a low risk associated with a high intake or
plasma level of carotenoids (van Poppel, 1993).

Even for micronutrients supplied by fruit and vegetables the picture is particularly
complex for colo-rectal cancer, since there is considerable interest in the possibility that
folate, as well as the antioxidant nutrients, may have a protective effect. This is
supported by the role of folate as an esscntial cofactor in the production of
s-adenosylmethionine, the primary methyl donor in the body, by the observed accumu-
lation of DNA methylation abnormalities during the progression of human colo-rectal
cancer, and by an inverse association of folate intake with the risk of adenomas
(Giovannucci et al. 1993) and colo-rectal cancer (Benito et al. 1991; Freudenheim et al.
1991).

The difficulty with large-bowel cancer is not only the usual uncertainty about which of
the several micronutrients in fruit and vegetables might be protective, but the likelihood
that the protective factor in these foods could be non-starch polysaccharides or starch
rather than any of the micronutrients. For example, in their combined analysis of
thirteen case—control studies, Howe et al. (1992) found that B-carotene, ascorbic acid and
fibre were each individually significantly inversely related to risk, but that after
adjustment for each other only the relationship with fibre remained strong and
statistically significant. It is also possible that some of the apparent protective effect of
various plant foods may be due to an inverse association of their intake with that of meat
and animal fat.

There is some evidence that high Fe stores may increase the risk for colo-rectal cancer.
Knekt et al. (1994) reported a relative risk of 3-0 for subjects with a transferrin saturation
level exceeding 60% in comparison with subjects having lower transferrin saturation
levels. It has been suggested that an excess of unabsorbed Fe might promote colo-rectal
cancer, but it is also possible that the observed increase in risk could be due to an
association of high Fe stores with a high meat intake.

The nature of the effects of diet on colo-rectal cancer risk is probably the most
important question in the area of diet and cancer, particularly in Western populations.
The competing hypotheses, although they are somewhat interrelated, could result in
substantially different messages for public health. More data are needed from large
prospective studies with both accurate measurement of diet and a wide range of dietary
intakes, but the almost uniformly low rates of colo-rectal cancer in poor populations
suggest that a diet low in meat and animal fat and high in plant foods may be more
important than individual micronutrients in determining risk.

Breast cancer

In general, breast-cancer rates are much higher in rich countries than in poor countries.
Some of this difference is due to hormonal factors: women in poor countries typically
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have later menarche, earlier first birth, higher parity and lower body weight than women
in rich countries, and all these factors are known to reduce breast-cancer risk by
shortening the duration of exposure of the breasts to ovarian hormones, reducing the
usual levels of these hormones, and (in the case of parity) by altering the structure of the
breasts (Pike et al. 1983; Key & Pike, 1988). However, the inability of these traditional
risk factors to explain all the geographic and temporal variation in breast-cancer rates,
and the strong international correlation between breast-cancer rates and some dietary
factors, has led to numerous studies of diet and breast-cancer risk. The evidence that any
micronutrients have an important effect on breast-cancer risk is weak. The best data are
probably for Se level, which was reported to show an inverse geographic correlation with
breast-cancer rates and which can reduce mammary tumour incidence in experimental
animals when administered at close to toxic doses. However, results from five cohort
studies which measured Se in blood or nails and which were conducted in countries with
varying Se levels (Britain, Finland, The Netherlands and USA) have produced almost
uniformly negative results, with the exception of a possible (but not statistically
significant) protective association in Finland (Hunter & Willett, 1993).

Epidemiological evidence relating to the other antioxidant nutrients is surprisingly
sparse (in comparison with the number of reports on fat) and generally inconsistent.
There is some evidence that retinol, carotenoids or ascorbic acid may be inversely
associated with breast-cancer risk (Hunter & Willett, 1993), but the size of the observed
effects has typically been very small and their statistical significance largely due to the
large size of the studies. For example, Hunter et al. (1993) reported a highly significant
(P=0-001) inverse trend between total vitamin A intake and breast-cancer risk, but
women with the highest intake had only 16% lower risk than those with the lowest
intake. Measurement error in nutritional epidemiology can cause serious under-
estimation of the size of risks, but differences in risk as small as this must be suspected of
being due to confounding by some other factor.

Research on breast cancer has provided an interesting example of a situation in which
antioxidants might have an adverse effect. In a study of the growth of human
breast-cancer tissue in athymic nude mice, Gonzalez et al. (1993) reported that increasing
the intake of fish oil inhibited cancer growth, but that this inhibition was largely reversed
by the addition of the antioxidants a-tocopherol and tertiary butylhydroquinone. They
suggested that the suppression of cancer growth by fish oil was due to accumulation of
lipid peroxidation products within the tumour and that this was reduced by the
antioxidants. These results should not be overinterpreted, but they do show that
antioxidants might have unexpected effects.

The role of diet in the aetiology of breast cancer remains to be established. As well as
fat and energy intake, current areas of interest include the possible protective anti-
oestrogenic effects of non-starch polysaccharides and phyto-oestrogens. Although
further research is needed, it does not appear to be very likely that micronutrients are an
important determinant of risk.

Cervical cancer

Seven of the eight studies reviewed by Block er al. (1992) reported an inverse association
between fruit and vegetable intake and the risk for cervical cancer. There has been
considerable interest in folate and there is some evidence that folate deficiency may
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increase the risk for cervical dysplasia in association with human papillomavirus-16
infection (Butterworth et al. 1992), but studies of invasive cervical cancer have produced
more support for a role of carotene or of ascorbic acid than folate. For example, in the
large case—control study of Herrero et al. (1991), high intakes of B-carotene, other
carotenoids and vitamin C were associated with odds ratios of 0-6-0-7, but the odds ratio
for high intake of folate-rich foods was 1-0.

There is little doubt that the major aetiological factor for cervical cancer is infection
with human papillomavirus (Schiffman, 1992). It is possible that low intakes of carotene,
ascorbic acid or other factors in fruit and vegetables may also increase risk, but careful
consideration of the possibility of confounding by other factors such as hygiene is needed
before this conclusion is drawn.

Prostate cancer

Prostate cancer is rare in east Asia, moderately common in southern and western
Europe, and very common in northern Europe and in north America, especially among
the black population. Little is known about the causes of prostate cancer, but there is
quite consistent evidence that an increased risk is associated with diets high in meat or
animal fat (Le Marchand et al. 1994).

Several studies have examined the relationship between carotene or carotene-rich
foods and risk. Some authors have reported their results as suggesting that carotene is
protective, and some as suggesting that carotene increases risk. Furthermore, recent
studies have reported results separately for older and younger men, and shown that
carotene increases (or decreases) risk in one age-group but not in the other. However,
systematic review of these studies shows that there is no evidence that risk is related to
carotene intake overall and no evidence for a systematic variation of risk in relation to
age at diagnosis (Key, 1994).

The evidence does not support a role for carotene in the aetiology of prostate cancer,
but there is some recent evidence suggesting that two other micronutrients might be
important: Corder et al. (1993) reported significantly lower serum concentrations of
1,25-dihydroxycholecalciferol (but not 25-hydroxycholecalciferol) in men who sub-
sequently developed prostate cancer than in control men; the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study Group (1994) reported a significantly lower
mortality from prostate cancer in men who were given 50 mg a-tocopherol daily for 5
years than in men who were not given a-tocopherol. These two reports raise the
possibility of protective effects for these micronutrients, but they require confirmation.

COMMENT ON SMOKING, CANCER AND ANTIOXIDANTS

It has been shown repeatedly in a number of different populations that, in comparison
with non-smokers, cigarette smokers have a lower average consumption of fruits and
vegetables and, therefore, of carotene and ascorbic acid. Furthermore, the metabolic
effects of smoking appear to result in lower plasma concentrations of these nutrients in
smokers than in non-smokers, even at the same level of intake (Gregory et al. 1990), and
there is some evidence that smokers have increased free-radical-mediated lipid peroxi-
dation (Duthie er al. 1993). Cigarette smoking has been shown to cause cancers of the
lung, lip, mouth, oesophagus, pancreas, renal pelvis and bladder, and is associated with
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(but not definitely causal for) cancers of the stomach, liver and cervix (International
Agency for Research on Cancer, 1987). Many of the studies of diet and cancer discussed
in the present review have been interpreted by researchers as supporting the hypothesis
that antioxidant micronutrients may reduce the risk of cancer at some sites. However,
of the cancers discussed in the present article, smoking is not an established cause of
colo-rectal cancer, breast cancer or prostate cancer. This is an additional piece of
evidence which suggests that the antioxidants affected by smoking (-carotene, ascorbic
acid and perhaps others) are not important protective factors for cancer at these sites.

SUMMARY

Micronutrient deficiencies occur most commonly in poor countries and, therefore, are
most likely to be associated with cancers common in these countries. Epidemiological
studies are hampered by inaccurate measurement of micronutrient intake and by the
correlations between intakes of many nutrients. The strongest evidence for a protective
effect of micronutrients is for oesophageal cancer. The identity of the micronutrients is
not certain, but may include retinol, riboflavin, ascorbic acid and Zn; alcohol, smoking
and dietary nitrosamines increase the risk for oesophageal cancer. For stomach cancer
there is good evidence that fruit and vegetables are protective. The protective effect of
these foods might be largely due to ascorbic acid, but other nutrients and non-nutrients
may also be important; the risk for stomach cancer is increased by salt, some types of
preserved foods, and by infection of the stomach with the bacterium Helicobacter pylori.
The risk for lung cancer appears to be reduced by a high intake of fruit and vegetables,
but it is not clear which agents are responsible and the major cause of lung cancer is
cigarette smoking. Diet is probably the major determinant of the risk for colo-rectal
cancer; there is evidence that fruit and vegetables and fibre reduce risk and that meat and
animal fat increase risk, but there is no convincing evidence that these relationships are
mediated by micronutrients. The risk for cervical cancer is inversely related to fruit and
vegetable consumption and, therefore, to consumption of carotenoids and ascorbic acid,
but the major cause of this cancer is human papillomavirus and it is not yet clear whether
the dietary associations indicate a true protective effect or whether they are due to
confounding by other variables. The evidence that micronutrients are important in the
aetiology of either breast cancer or prostate cancer is weak, but the possible roles of
1,25-dihydroxycholecalciferol and a-tocopherol in prostate cancer require further study.
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