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TABLE 3. Results from a pooled analysis (random-effects model) of colorectal cancer incidence by alcohol intake in Japanese

women, 1988-2004

Currant drinkers (>once‘week)

Alcohol intake as a continuous

N e variabls (per 15 g/day)
(<oncelweek) 1229 giday >23 glday HRt  95% Cif m L RN

No. of subjects 79483 13,805 14,090 4,120
Person-years of follow-up 884,277 137,164 138,327 38,481
Colorectal cancer

No. of cases 839 100 97 42

Crude rats (per 100,000) 95 73 70 108

Muttivariate HR (95% Clj#  1.00 0.96 (0.70, 1.32) 0.93 (0.70, 1.23) 1.57 (1.1, 2.21)* 1.13* 1.06, 1.20 <0.001 0.75
Colon cancer

No. of cases 574 60 7 31

Crude rate (per 100,000) 65 44 51 B1

Multivariate HR (95% CI)  1.00 0.82 (0.62, 1.09) 0.99 (0.76. 1.29) 1.86 (1.12, 2.46)* 1.14* 1.05,1.23 0.001 0.88
Rectal cancar

No. of cases 263 40 24 11

Crude rale (per 100,000) 30 29 17 29

Multivariate HR (95% CI)  1.00 1.26 (0.73, 2.19) 0.76 (0.38, 1.52) 2.39 {1.18, 4.88)* 1.14* 102, 1.29 0.027 0.38

*p < 005
t HR, hazard ratio; Cl, confidence interval.

$ Results were adjusled for the following variables: area (Japan Public Health Center-based Prospective Study (I and Il) and Japan
Collaborative Cohort Study), age (years; continuous), smoking (never smoker, past smaoker, or current smoker), body mass index (weight (kg)/
height (m)%; <22, 22-24.9, 25-27.9, or >28), and intakes of energy (continuous), red meat (quartiles), calcium (quartiles), fiber (quartiles), and

folate (quartiles).

and >45 g/day were 1.11 (95 percent CI: 0.74, 1.67), 1.10
(95 percemt CI: 0.86, 1.42), 1.35 (95 percent CI: 1.10,
1.66), 1.61 (95 percent CI: 1.32, 1.95), and 2.09 (95 per-
cent CI: 1.65, 2.64), respectively. A significant increase in
colon cancer risk was observed at an alcohol intake of
=15 g/day, whereas increased risk of rectal cancer was
confined to an intake of >45 g/day (data not shown).

In women, drinkers who consumed >23 g/day of alcohol
had a significantly increased risk of colorectal cancer in
comparison with nondrinkers (HR = 1.57, 95 percent CI:
1.11, 2.21; table 3). Risk for that level of alcohol intake was
significantly elevated for both colon cancer (HR = 1,66, 95
percent CI: 1.12, 2.46) and rectal cancer (HR = 2.39, 95
percent CI: 1.18, 4.88). Hazard ratios per 15-g/day increase
in alcohol intake among women were also statistically sig-
nificant for colorectal cancer, colon cancer, and rectal can-
cer and were similar to those in men. When never drinkers
were used as the reference group, results were not changed
materially (data not shown).

In stratified analyses, the association between alcohol
consumption and colorectal cancer risk was pronounced in
lean persons: Among men with a body mass index of <22,
the hazard ratio for alcohol consumption of =69 g/day was
3.25 (95 percent CI: 2.12, 4.99), and the p value for hetero-
geneity across categories of body mass index was 0.04 at
that level of intake (table 4). Although the association was
relatively weak in nonlean persons, a statistically significant
increase in risk with greater alcohol consumption (=46 g/
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day) was also observed among men with body mass indices
of 22-24.9 or =25, Hazard ratios for the greatest alcohol
intake did not differ appreciably across tertiles of folate in-
take, although at lower levels of alcohol consumption, haz-
ard ratios were somewhat lower in men with the highest
folate intakes than in men with lower intakes.

Based on the risk estimates in the present study, the per-
centage of colorectal cancer cases attributable to an alcohol
intake of >23 g/day was 27 percent for men and 1.4 percent
for women,

DISCUSSION

In this pooled analysis of major population-based cohort
studies carried out in Japan, we found a clear dose-response
relation between alcohol consumption and colorectal cancer
risk in men, with heavy drinkers who consumed >46 g/day
of alcohol showing a risk nearly twice that of nondrinkers.
The association was evident for both the colon and the rec-
tum. A significant positive association was also observed in
women.

In experimental animals, there is sufficient evidence for
the carcinogenicity of acetaldehyde (9), a metabolite of alco-
hol. Specific mechanisms by which alcohol drinking influ-
ences colorectal carcinogenesis in humans remain elusive.
However, alcohol or acetaldehyde may induce DNA hypo-
methylation, an early step in colonic carcinogenesis, through
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TABLE 4. Pooled multivariate hazard ratios{ (random-etfects model) for the association between alcohol intake and colorectal
cancer Incidence by body mass index and folate intake in Japanese men, 1988-2004

Current drinkers (once/week) W&’&W
Pk fwotor 0.1-22.9 g/iday 23-45.9 giday mowchv 264 g/iday} - I plor plot
HA§ 95%CI§ HR 95%C1 HR  B5%Cl  HR  95%Cl trend  helerogeneaity

Body mass indexy

<22 120 0.83, 172 1.54* 1,16, 205 2.36* 1.64,3.38 325* 212,499 1.15* 1.09 1.22 <0.001 0.15

22-249 122 084,177 139 083 208 177¢ 122 256 212* 157,287 1.09* 1.05 1.14 <0.001 0.99

>25 113 081,156 1.13 0.82, 156 1.72* 1.25 238 1.83* 1.26,267 1.11* 1.06 1.16 <0.001 0.98
Tertile of folate intake

Lowest 127 0.83,1.75 1.50* 1.08, 217 207* 154,279 243* 176,337 1.11* 1.07, 1.15 <0.001 0.79

Middie 122 074,203 1.57* 111,222 2.11* 117,380 252* 1.73, 367 1.13* 1.08 1.18 <0.001 0.98

Highest 119 003,153 1.24 096, 160 1.66* 1.25 220 230* 1.64,3.20 1.12* 1.06 1.19 <0.001 0.17
* p < 0.05.

1 Reference category: nondrinkers (hazard ratio = 1). Results were adjusted for the following variables: area (Japan Public Health Centar-
based Prospective Study (1 and 1) and Japan Collaborative Cohor Study), age (years; continuous), smoking (never smoker, past smoker, current
smoker of 1-19 cigareties/day, or current smoker of >20 cigarettes/day), and intakes of energy (continuous), red meal (quartiles), calcium
(quartiles), and fiber (quartiles). Resulls were additionally adjusted for folate intake (quartiles) and body mass index (<22, 22-24.0, 25-27.9, or
>28) in the analyses stratified by body mass index and folate intake, respectively.

4 Across categories of body mass index, p for heterogeneity = 0.04; across tertiles of folate intake, p for heterogeneity = 0.85.

& HR, hazard ratio; Cl, confidence interval,

1 Weight (kg)/height (m)®.

its antifolate effects (27). Moreover, acetaldehyde generated 1.11, 1.97). The association between alcohol drinking and
by intestinal bacteria may increase the risk of colorectal colorectal cancer or colon cancer appears to be stronger in
cancer via folate deficiency (28) or its carcinogenic effects Japanese populations than in Western populations.

on the intestine. Alcohol and its metabolites may also in- If there is a difference in the magnitude of the association
terfere with intestinal absorption of potentially anticarcino- between alcohol drinking and risk of colorectal cancer, es-
genic nutrients, including folate (29) and calcium (30). pecially colon cancer, between Japanese and Western

In a meta-analysis of cohort studies, Moskal et al. (5)
identified study region as a significant modifier of colon
cancer risk and reported a higher summary relative risk of
colon cancer among Asian studies than among European or
US studies. However, such a finding may simply reflect
a difference in alcohol intake in the highest category across
studies. Thus, a comparison using the same exposure cut-
points would be of interest (see figure 1). In the pooled
analysis of Western studies (22), relative risks of colorectal
cancer for male drinkers consuming 30-44.9 g/day and >45
g/day versus nondrinkers were 1.11 (95 percent Cl: 0.86,
1.45) and 1.41 (95 percent CI: 1.11, 1.79), respectively. In
Japanese men in the present study, hazard ratios at the cor-
responding levels of alcohol consumption were 1.61 (95
percent CI: 1.32, 1.95) and 2.09 (95 percent CI: 1.65,

2.64), respectively. Moreover, the pooling study among 054 : - 3 E : -
Western populations (22) did not show a measurable in- 0 10 20 30 40 50 80
crease in colon cancer risk with alcohol intakes of 30- Alcohol consumption (g/day)

44.9 g/day (the relative risk for women and men combined

was 1.08) (22), whereas in the present study we detected FIGURE 1. Hazard ratios for colorectal cancer by aleohol intake in
a significantly increased risk at these intake levels (HR = Japanese (solid line) and Western (dashed line) populations. The
1.91, 95 percent CI: 1.41, 2.89). Likewise, the relative risk solid Iine;howsm ﬂa:an-lll::t fgg:awwi ey mﬂ from lr;; present pooled"s
i 1 i 1 e resu
of colon cancer associated with an alcohol intake of 15-29.9 mam m""""’"m‘ . pm&ms d“"’d_s D‘de'ﬂ*‘i o
g/day was 1.08 in the European Prospective Investigation studies (22). The midpoint (mean) olmepwi"b‘dmmd‘a'm“' . Imc"m"""
into Cancer and Nutrition (31), while it was significantly category of alcohol intake except the highest one (>45 giday), to
increased in the present study (HR = 1.48, 95 percemt Cl: which a value of 60 was assigned. Bars, 95% confidence interval.

60
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populations, what are the plausible explanations? Japanese
have a high prevalence of the slow-metabolizing variant of
the aldehyde dehydrogenase gene (8). The variant induces
increased and persisting blood levels of acetaldehyde after
alcohol ingestion (10). The modifying effect of the aldehyde
dehydrogenase variant on the association between alcohol
drinking and colorectal cancer risk was suggested in an
earlier Japanese study (32); however, it has recently been
challenged by large-scale studies (33, 34), Therefore, it re-
mains unclear whether the seemingly stronger association
among Japanese is explained by a genetic difference in the
efficiency of metabolizing alcohol among regular drinkers.
Alternatively, the clearer contrast in risk between drinkers
and nondrinkers in Japanese may be ascribed to more pre-
cise classification of the nonexposure reference group,
which presumably included a higher proportion of lifetime
abstainers who were genetically unable to metabolize
acetaldehyde.

Nongenetic factors may contribute to the heterogeneity in
risk among populations. Folate deficiency is hypothesized to
enhance the adverse effect of alcohol (35), and if Japanese
alcohol drinkers have a higher prevalence of folate defi-
ciency than their Western counterparts, a stronger associa-
tion may emerge. However, in the present study as well as
the pooled analysis of Western studies (22). there was only
limited evidence suggesting a modifying effect of dietary
folate on the alcohol-colorectal cancer association. Thus,
folate probably does not explain the difference in the
strength of association between the Japanese and Western
studies, Instead, we found a pronounced association with
alcohol intake in men with the lowest body mass indices,
a finding compatible with results from the pooled analysis of
Western studies (22).

This differential association by body composition has been
interpreted on the basis of the insulin hypothesis: Alcohol
drinking improves insulin resistance (36), which is increased
in obese people (37) and may be related to increased risk of
colorectal cancer (38) or colon cancer (39); thus, the carci-
nogenic potential of alcohol could be partially cancelled
through its favorable effects on insulin resistance among
obese persons. However, such a favorable action of alcohol
may not benefit lean persons, whose risk of developing cancer
through an insulin-mediated pathway may be minimal. The
apparently stronger alcohol-colorectal cancer association in
Japanese is thus attributable, at least in part, to their lower
body mass index relative to that of Westerners. Nevertheless,
our finding for obese men, showing a significant increase
in risk with alcohol intake—a finding that was not observed
in the pooled analysis among Western populations (22)—
suggests that other characteristics of Japanese may intensify
the effects of alcohol in colorectal carcinogenesis.

We also found a significant association with an alcohol
intake of >23 g/day in women. Although the data did not
allow us to assess risk for specific categories of greater
alcohol intake, the hazard ratio associated with a 15-g/day
increase in alcohol consumption in women was comparable
to that for men (HRs were 1.13 for women and 1.11 for
men). As previously suggested (22, 31), the effects of alco-
hol drinking on colorectal cancer risk may be similar in
magnitude for men and women.

61

There were several strengths in the present study. First,
we analyzed data from cohort studies that used validated
questionnaires to collect data on alcohol consumption. Sec-
ond, each study controlled for a common set of variables
that are known or suggested to cause or prevent colorectal
cancer, and all investigators confirmed that additional ad-
justment for physical activity did not alter their results.
Third, with a large number of habitual drinkers in men,
we were able to examine the risk of moderate drinking with
reasonable statistical power. This point should be important
from a public-health point of view: even a small increase in
risk for an exposure category with a large number of
drinkers leads to a considerable increase in the total number
of cases, as for the present case in men (but not in women).
Lastly, we estimated hazard ratios with and without exclu-
sion of ex-drinkers from the reference category, by which
we could infer the influence of ex-drinking on the associa-
tion between alcohol drinking and colorectal cancer.

Our study also had some limitations. First, we used only
baseline information on alcohol drinking, and thus we could
not assess the effects of lifetime alcohol consumption or
changes in drinking habits during follow-up on colorectal
cancer risk. Second, random variation related to exposure
measurement might have attenuated the associations, Third,
although investigators in each study adjusted their results
extensively for factors associated with colorectal cancer
risk, we cannot exclude the possibility that our estimates
were distorted because of residual confounding.

In summary, this pooled analysis of data from large pro-
spective studies carried out in Japan confirmed that alcohol
drinking is associated with increased risk of colorectal can-
cer in a dose-response manner in men and women. Although
moderate drinking is associated with decreased risk of over-
all mortality (40), the present finding in men, showing a sta-
tistically significant 42 percent increase in colorectal cancer
risk with an alcohol intake of 23-45.9 g/day, calls for anen-
tion. If the present association is causal, one fourth of all
cases of colorectal cancer among Japanese men are attribut-
able to an alcohol intake of >23 g/day. Moderation of alco-
hol drinking is an important aspect of the prevention of
colorectal cancer. Further research is required to elucidate
the roles of genetic and environmental factors that modify
the alcohol-colorectal cancer association.
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Background: We reviewed epidemiologic studies on the association between alcohol
drinking and gastric cancer among the Japanese population. This report is one of a series of
articles by our research group, which is evaluating the existing evidence concerning the
association between health-related lifestyles and cancer.

Methods: Original data were collected by searches of MEDLINE using PubMed, or searches
of the Ichushi database, complemented with manual searches. Evaluation of associations
was based on the strength of evidence and the magnitude of association, together with bio-
logical plausibility as evaluated previously by the International Agency for Research on
Cancer.

Results: Of the 11 cohort studies evaluated, nine showed no association between aicohol
drinking and gastric cancer, and one study showed a strong positive association among men.
All of 11 case—control studies found no association between alcohol drinking and gastric
cancer. By anatomical subsites of gastric cancer, only three studies have evaluated the
association between alcohol drinking and gastric cancer, and one cohort study found a posi-
tive association for cardia and upper-third gastric cancer in men. Few studies conducted
among the Japanese population have made a detailed assessment of alcohol drinking, pos-
sible important confounding factors such as smoking and diet and anatomical subsites of
gastric cancer.

Conclusion: We conclude that epidemiologic evidence for an association between alcohol
drinking and gastric cancer risk remains insufficient due to the methodological quality of
studies that have been conducted among the Japanese population.

Key words: systematic review — epidemiology — alcohol drinking — gastric cancer — Japanese

INTRODUCTION alcoholic beverages are carcinogenic to humans (Group 1)
and are causally related to cancers of the omal cawvity,
pharynx, larynx, esophagus, liver, colorectum and female
breast (1,2). However, epidemiologic studies on the associ-
ation between alcoholic beverages and gastric cancer have

For reprints and all cormespondence: Taichi Shimazu, Epidemiology and been inconsistent and the interpretation of the findings is not
Prevention Division. Research Center for Cancer Prevention and Sereening, clear (1-3)

National Cancer Center, 5-1-1 Tsukiji, Chuo-ku, Tokyo |04-0045, Japan T
E-mail: shimazuiigan res.nce. go.jp

The most recent evaluation from the International Agency
for Research on Cancer (IARC) concluded in 2007 that

4 The Authors (2008). Published by Oxford University Press. All rights reserved

64



As the majority of these reports were based on evidence
from Western populations, their applicability to the Japanese
population is unknown. The Japanese commonly consume
different types of beverages from Western populations and
have a relatively high prevalence of the variant allele of
aldehyde dehvdrogenase 2 (4), which is related to a high
blood concentration of acetaldehyde (3). In addition to the
factors related to alcohol, the prevalence of Helicobacter
pylori infection (6) and the proportion of gastric cancers
occurring in the distal stomach (7) are higher among the
Japanese than among Western populations. Therefore, the
magnitude of association among Japanese might differ from
that among other populations.

The objective of the present study was to review epidemio-
logic studies on the association between alcohol drinking and
gastric g the Jap population. The findings
were summarized and the magnitude of the effect was evalu-
ated. This report is one of a series of articles by our research
group, which is investigating the associations between life-
style factors and major types of cancer in lapan (8—15).

METHODS

Original data for this review were collected by searches of
MEDLINE using PubMed complemented by manual
searches of references from relevant articles when necessarv,
All epidemiologic studies on the association between alcohol
drinking and gastric cancer incidence or mortality among
Japanese from January 1966 to May 2007, including papers
in press if available, were identified using the search terms
‘alcohol’, ‘drinking’, ‘gastric cancer’, ‘stomach cancer’,
‘cohort studies’, ‘case—control studies’, ‘Japan’ and
*Japanese’ as key words found in the abstract. A search of
the lchushi (Japana Centra Revuo Medicina) database was
also done to identify studies written in Japanese from 1983
to May 2007. Papers written in English or Japanese were
reviewed, and only studies on Japanese populations living in
Japan were included. The individual results were summar-
ized in the tables scparately by study design as cohort or
case—control studies. In the case of multiple publications of
analyses of the same or overlapping datasets, only data from
the largest or the most recent studies were included, and inci-
dence was also given priority in a single publication describ-
ing both incidence and mortality.

Evaluation was made based on the strength of evidence
and the magnitude of association. Relative risks (RRs) or
odds ratios (ORs) in each epidemiologic study were grouped
by magnitude of association, giving consideration to statisti-
cal significance (SS) or not S5 (NS), as strong, <0.5 or >2.0
(SS); moderate, either (1) <0.5 or >2.0 (NS), (1) >1.5-2
(SS) or (iii) 0.5 to <0.67 (85); weak, either (i) >1.5-2
(NS), (i1) 0.5 to <0.67 (NS) or (1ii) 0.67—1.5 (8S); or no
association, 0.67—1.5 (NS). After this process, the strength of
evidence was evaluated in a similar manner to that used in
the WHO/FAO Expert Consultation Report (16), where
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evidence was classified as ‘convincing’, *probable’, *poss-
ible’ and ‘insufficient’. In brief, the following criteria were
used (8): convincing: evidence based on a substantial number
of epidemiologic studies showing consistent associations
between exposure and disease, with little or no evidence to
the contrary, with a biologically plausible association.
Probable: evidence based on epidemiologic studies showing
fairly consistent associations, but with perceived shortcom-
ings in the available evidence or some evidence to the con-
trary that precludes a more definite judgment. Possible:
evidence based mainly on findings from case—control and
cross-sectional studies, requiring more studies to support the
tentative associations, which should also be biologically
plausible. Insufficient: evidence based on findings of a few
studies that are suggestive, but insufficient to establish an
association, requiring more well-designed research to support
the tentative associations. We assumed that biological plausi-
bility corresponded to the judgment of the recent evaluation
from the IARC (1,2,17). The final judgment is made based
on the consensus of research group members and is not
necessarily objective. In addition, when there was ‘convin-
cing’ or ‘probable’ evidence of a positive or inverse associa-
tion, we conducted a meta-analysis to obtain summary
estimates of the association. Details of the evaluation
methods are described elsewhere (8).

MaN FEATURES AND COMMENTS

We identified 11 cohort studies (18—28) and 11 case—
control studies (29-39) (Tables 1 and 2, respectively),
Among the cohort studies, three presented results by gender
(20,21,26), six for men only (18,19,22,23,2527) and two for
men and women combined (24,28). The respective numbers
for the case—control studies were three (32,38,39), three
{29,30,36) and five (31,33-35.37).

A summary of the magnitude of association for the cohort
studies and case—control studies is shown in Tables 3 and 4,
respectively. Of the 11 cohort studies evaluated, most showed
no association between alcohol drinking and gastric cancer.
Among these studies, nine showed no association (18.20,22—
28), and the other two showed a strong positive (21) and a
weak positive (19) association among men, respectively. All
11 case—control studies demonstrated no association between
alcohol drinking and gastric cancer (29-39).

By anatomical subsites, few studies had evaluated the
association between alcohol drinking and gastric cancer, and
the association was inconsistent (25.38,39), similar to studies
among other populations (3). In one cohort study (25),
alcohol drinking showed a moderate positive association
with cardia and upper-third gastric cancer, but not with
distal gastric cancer in men. One case—control study ana-
lysed the association with cardia, middle and antrum gastric
cancer separately (38). The point estimate of the OR in male
drinkers tended to be highest for cardia cancer and decreased
towards the distal part of the stomach compared with never
drinkers, although the results were not statistically
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