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Abstract
The association between alcohol intake and stomach cancer risk remains controver-
sial. We undertook a pooled analysis of data from six large- scale Japanese cohort 
studies with 256 478 participants on this topic. Alcohol intake as ethanol was esti-
mated using a validated questionnaire. The participants were followed for incidence 
of stomach cancer. We calculated study- specific hazard ratios (HRs) and 95% con-
fidence intervals (CIs) for stomach cancer according to alcohol intake using a Cox 
regression model. Summary HRs were estimated by pooling the study- specific HRs 
using a random- effects model. During 4 265 551 person- years of follow- up, 8586 
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1  | INTRODUC TION

Stomach cancer is the fourth most common cancer and the third lead-
ing cause of cancer deaths worldwide; it remains the most frequent 
cancer in East Asia, despite a declining trend.1 There is a consensus 
that Helicobacter pylori infection, smoking, and high salt intake are 
risk factors for stomach cancer.2- 5 Higher intake of vegetables, fruit, 
and green tea could be protective against stomach cancer.6- 9 Animal 
studies indicate that alcohol is harmful to the stomach,10 partly be-
cause alcohol metabolism produces the carcinogen acetaldehyde.11 
Acetaldehyde related to alcohol intake is now considered a group 1 
carcinogen by the IARC,12 and alcohol intake is an established risk fac-
tor for several cancers, including oral cavity, head and neck, esopha-
gus, breast, liver, and colorectal cancer.13 A recent large meta- analysis 
of mainly  European and American cohort and case- control studies 
showed that high alcohol intake of ≥50 g/d ethanol substantially in-
creases the risk of stomach cancer.14 However, meta- analysis using 
publication data cannot fully examine dose– response relationships, 
and epidemiological evidence for the association between alcohol 
intake and stomach cancer risk remains controversial.15 In addition, 
few cohort studies have examined whether alcohol consumption 
analyzed as ethanol intake is associated with stomach cancer risk in 
East Asian populations with a high incidence of stomach cancer. To 
date, six cohort studies in Japan have examined the association be-
tween alcohol intake and stomach cancer risk, and their findings are 
inconsistent.16- 21 The findings from cohort studies in Korea and China 
are also inconclusive.22- 24 Thus, it is necessary to clarify the effect of 
alcohol intake on stomach cancer risk in Japan and other East Asian 
countries, using large datasets from cohort studies.

To address this issue, we undertook a pooled analysis of data 
from six large- scale Japanese cohort studies with more than 250 000 

participants on the association between ethanol intake and stomach 
cancer risk.

2  | MATERIAL S AND METHODS

2.1 | Study cohorts

Since 2006, the Research Group for the Development and Evaluation 
of Cancer Prevention Strategies in Japan has been undertaking 
pooled analyses using original data from major cohort studies to ex-
amine the association between lifestyle factors and major cancers in 
Japanese people. To maintain high quality and comparability of data, 
the following inclusion criteria were defined a priori for the present 
analysis: (a) population- based cohort studies carried out in Japan; (b) 
studies initiated between the mid- 1980s and mid- 1990s; (c) studies 
with more than 30 000 participants; (d) studies that obtained infor-
mation on alcohol intake at baseline survey using a self- administered 
questionnaire; and (e) studies that collected incidence data for stom-
ach cancer during a follow- up period. We eventually identified six 
studies that met these criteria: (a) JPHC- I25; (b) JPHC- II25; (c) JACC26; 
(d) MIYAGI27; (e) OHSAKI28; and (f) LSS.29 Selected characteristics of 
these cohort studies are summarized in Table 1. The relevant institu-
tional review board approved each study.

We excluded data from participants with a history of any can-
cer at baseline, those with missing information on alcohol intake, 
and those with exposure to atomic bomb radiation of 100 mGy or 
more for LSS. Data on 256 478 participants were finally included in 
the present pooled analysis. The JPHC- I, MIYAGI, and JACC studies 
have already published results for the association between alcohol 
intake and stomach cancer risk.17,19,21 In the present study, we used 

Welfare, Japan, Grant/Award Number: H21- 
3jigan- ippan- 003, H18- 3jigan- ippan- 001, 
H16- 3jigan- 010.

[Correction added on 10 December 2021, 
after first online publication: the first name 
of the 20th author has been corrected from 
‘Mamami’ to ‘Manami’.]

stomach cancer cases were identified. In men, the multivariate- adjusted HRs (95% 
CIs) of stomach cancer were 1.00 (0.87- 1.15) for occasional drinkers, and 1.00 
(0.91- 1.11) for <23 g/d, 1.09 (1.01- 1.18) for 23 to <46 g/d, 1.18 (1.09- 1.29) for 46 to 
<69 g/d, 1.21 (1.05- 1.39) for 69 to <92 g/d, and 1.29 (1.11- 1.51) for ≥92 g/d ethanol 
in regular drinkers compared with nondrinkers. In women, the multivariate- adjusted 
HRs were 0.93 (0.80- 1.08) for occasional drinkers, and 0.85 (0.74- 0.99) for <23 g/d, 
and 1.22 (0.98- 1.53) for ≥23 g/d in regular drinkers compared with nondrinkers. The 
HRs for proximal and distal cancer in drinkers vs nondrinkers were 1.69 (1.15- 2.47) 
and 1.24 (0.99- 1.55) for ≥92 g/d in men, and 1.60 (0.76- 3.37) and 1.18 (0.88- 1.57) for 
≥23 g/d in women, respectively. Alcohol intake increased stomach cancer risk in men, 
and heavy drinkers showed a greater point estimate of risk for proximal cancer than 
for distal cancer.

K E Y W O R D S

alcohol intake, cohort study, Japan, pooled analysis, stomach cancer
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the updated dataset for JPHC- I and MIYAGI with a longer follow- up 
period and reanalyzed the dataset for JACC.

2.2 | Assessment of alcohol intake

Information on alcohol intake in each study was collected using a 
self- administered questionnaire at baseline. Although the wording of 
the questions varied among studies, each study calculated total alco-
hol intake for regular drinkers in grams per day ethanol as a continu-
ous variable according to the alcoholic beverage type, frequency, and 
amount. Alcohol intake was calculated by multiplying the frequency 
of consumption for each type of liquor by alcohol content of the spe-
cific portion and by the portion size for one occasion. The total alco-
hol intake was then estimated by summing the alcohol intake over all 
liquor types. Each study questionnaire contained items on the intake 
of alcoholic beverages popular in Japan, including beer, sake, and 
shochu, but the style of the questions differed across studies. Thus, 
in the present study, we used only total alcohol intake from all bev-
erages as the exposure. In Japan, the go is the unit most commonly 
used to measure the amount of alcohol intake; 1 go of sake (rice wine) 
is equivalent to 180 mL and contains approximately 23 g of ethanol.

According to total alcohol intake, participants were classified 
as follows: for men, nondrinkers (never and former drinkers), occa-
sional drinkers (defined as those who drink less than once/week) 
and regular drinkers (defined as those who drink at least once/
week: <23, 23 to <46, 46 to <69, 69 to <92, and ≥92 g/d ethanol); 
for women, nondrinkers, occasional drinkers, and regular drink-
ers (<23 and ≥23 g/d ethanol). Those with extremely high alco-
hol intake were classified into the highest categories because we 
did not exclude such high alcohol intake estimated with the food 
frequency questionnaire in each study. Sensitivity analyses were 
undertaken by setting never drinkers as the reference group in 
JPHC- II, JACC, MIYAGI, OHSAKI, and LSS, in which former drink-
ers were separated from nondrinkers. We also undertook an addi-
tional sensitivity analysis in which occasional drinkers and regular 
drinkers were defined as those who drink less than three times/
week and those who drink three times/week or more, respec-
tively. In this analysis, LSS defined regular drinkers as those who 
drink at least five times/week due to the format of questionnaire.

The correlation coefficients between self- reported alcohol intake 
and dietary records were 0.79 in men and 0.44 in women for JPHC- I,30 
0.59 in men and 0.40 in women for JPHC- II,31 0.77 in men and 0.71 in 
women for MIYAGI,32 and 0.70 in men for OHSAKI.33 Although infor-
mation on the validity of alcohol intake assessment was not available 
for JACC, the study used the same questionnaire on alcohol intake 
as that used in MIYAGI. The LSS also used a similar questionnaire for 
alcohol intake, although a validation study was not carried out.34

2.3 | Follow- up and case ascertainment

Participants were followed from the baseline survey (JPHC- I, 1990; 
JPHC- II, 1993- 1994; JACC, 1988- 1990; MIYAGI, 1990; OHSAKI, 

1994; LSS, 1991) until the last follow- up date for cancer incidence 
in each study (JPHC- I, 2013; JPHC- II, 2013; JACC, 2009; MIYAGI, 
2014; OHSAKI, 2008; LSS, 2003), as shown in Table 1. Vital sta-
tus was confirmed through the residential registry. Information on 
cause of death was obtained from death certificates, and the cause 
of death was coded according to the International Classification of 
Diseases, 10th Revision. Information on cancer diagnosis was col-
lected using population- based cancer registries and active patient 
notifications from major local hospitals. In JACC, information on 
cancer diagnosis was collected in 24 of 45 study areas. Cases were 
coded using ICD- O- 3.

The outcome in the present study was defined as stomach can-
cer incidence (ICD- O- 3, topography code C16), which was diagnosed 
during the follow- up period of each study. Information on cause of 
death from death certificates was used to complement the registry 
and hospital data on cancer diagnosis. If information on the date of 
diagnosis was not available for stomach cancer cases confirmed by 
death certificate, we used the date of death from stomach cancer as 
the date of diagnosis. The information on stomach cancer incidence 
by subsite allowed us to evaluate the association between alcohol 
intake and the risk of stomach cancer subsite; thus, we classified 
stomach cancer cases as proximal (upper third) (ICD- O- 3, topogra-
phy code C16.0- C16.1) and distal (lower two- thirds) (C16.2- C16.6). 
Stomach cancer cases with no information for subsite were not in-
cluded in the subsite- specific analysis.

2.4 | Statistical analyses

Person- years of follow- up were counted from the date of base-
line survey in each study until the date of stomach cancer diagno-
sis, migration from the study area, death, or the end of follow- up, 
whichever came first. Each study used a Cox proportional hazard 
regression model to estimate sex- specific HR with 95% CI for stom-
ach cancer incidence according to alcohol intake in the following five 
models. Model 1 was adjusted for age and area (JPHC- I, JPHC- II, 
JACC, and LSS only). Model 2 was adjusted for covariates in model 1 
plus smoking status (for men, pack- years: 0, <20, 20 to <40, or ≥40; 
for women, pack- years: 0, <20, ≥20) and medical history of diabetes 
mellitus (yes, no). Model 3 was adjusted for covariates in model 2 
plus total energy intake (quartiles), vegetable intake (quartiles), fruit 
intake (quartiles), salt intake (quartiles), and green tea consump-
tion (cups/d: <1, 1- 2, 3- 4, and ≥5). In models 4 and 5, we excluded 
participants with stomach cancer diagnosis within 3 years from 
baseline in models 2 and 3, respectively. An indicator term for miss-
ing data was created for categorical covariates. Pack- years in ever 
smokers were calculated as (daily consumption of tobacco [number 
of cigarettes/d]) × (duration of smoking [y])/20. Dietary intake was 
adjusted for total energy intake using the residual method before 
categorizing subjects into quartiles.35 Trend associations were as-
sessed by calculating the HR for 10- g/d increase in alcohol intake 
and its standard error in the respective model in which nondrink-
ers and occasional drinkers were defined as zero for alcohol intake. 
In the subsite- specific analysis, those without the outcome were 
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considered at risk. Each study also undertook a subgroup analysis 
of the association between drinking and stomach cancer incidence 
by smoking status (nonsmokers or ever smokers); we controlled for 
pack- years in the respective model for ever smokers. Interaction be-
tween drinking and smoking status for risk was also assessed with 
a model including a cross- product term (ethanol intake [continuous 
variable] × smoking status [ever vs never]) indicating interaction.

To obtain a single pooled estimate of the HR for stomach can-
cer from individual studies according to alcohol intake category, we 
used a random- effects model, which considers both within- study 
and between- study variation.36 One study that had no cases for one 
alcohol intake category was not included in the pooled estimate for 
the category. The LSS was not included in models 3 or 5 because 
of no available data for dietary intake. Heterogeneity among stud-
ies was assessed using Q- statistics and I2 statistics. The correlation 
between drinking and smoking status was tested by a Cochran– 
Mantel– Haenszel test based on the pooled distribution of individual 
studies. To assess a single pooled interaction between drinking and 
smoking status for risk, we used a random- effects model in the same 
manner as that used to obtain a single pooled estimate of the HR for 
stomach cancer from all the cohort studies. Statistical analyses were 
carried out using Stata statistical software version 13.1 (StataCorp). 
A two- tailed P value < .05 was considered statistically significant.

3  | RESULTS

This study included 256 478 participants (119 951 men and 136 527 
women) and 8586 stomach cancer cases (6051 men and 2535 
women) during 4 265 551 person- years of follow- up, as shown in 
Table 1. Approximately half the men habitually consumed more 
than 23.0 g/d of ethanol, whereas only 3% of women consumed this 
quantity.

Table 2 shows the association between alcohol intake and stom-
ach cancer risk in men. Men with higher alcohol intake were at a 
significantly greater risk of stomach cancer. Compared with non-
drinkers, the multivariate- adjusted HRs (95% CIs) for stomach cancer 
were 1.00 (0.87- 1.15) for occasional drinkers, and 1.00 (0.91- 1.11) 
for <23 g/d ethanol, 1.09 (1.01- 1.18) for 23 to <46 g/d, 1.18 (1.09- 
1.29) for 46 to <69 g/d, 1.21 (1.05- 1.39) for 69 to <92 g/d, and 1.29 
(1.11- 1.51) for ≥92 g/d in regular drinkers in model 2 with adjustment 
for age, study area, smoking status, and medical history of diabetes 
mellitus. The median of alcohol intake in the category for ≥92 g/d 
was 115 g/d (range, 92- 4495). The HR (95% CI) for 10- g/d increase 
in ethanol was 1.023 (1.011- 1.035), although the test for cross- study 
heterogeneity was statistically significant (P = .019). In model 3, fur-
ther adjustment for intake of total energy, vegetables, fruit, salt, and 
green tea did not substantially change the results. The findings did 
not alter after excluding participants with stomach cancer diagnosis 
within 3 years from baseline in both models 4 and 5. The analysis 
by stomach cancer subsite indicated that the point estimate of risk 
for heavy drinkers was greater for proximal cancer than for distal 
cancer. Compared with nondrinkers, the multivariate- adjusted HRs Si
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(95% CIs) for ≥92 g/d were 1.69 (1.15- 2.47) for proximal cancer and 
1.24 (0.99- 1.55) for distal cancer in model 2. These findings were al-
most the same when former drinkers were separated from nondrink-
ers as a sensitivity analysis using data from JPHC- II, JACC, MIYAGI, 
OHSAKI, and LSS, as shown in Table S1. When regular drinkers were 
defined as those who drink at least three times/wk (at least five 
times/wk only for LSS), the associations were almost unchanged. 
Compared with nondrinkers, the multivariate- adjusted HRs (95% 
CIs) for ≥92 g/d in model 2 were 1.29 (1.10- 1.51) for all stomach 
cancer, 1.69 (1.15- 2.49) for proximal cancer, and 1.24 (0.98- 1.55) for 
distal cancer. The HRs (95% CI) for 10- g/d increase in ethanol (model 
2) were 1.022 (1.010- 1.035) for all stomach cancer, 1.016 (1.002- 
1.029) for proximal cancer, and 1.022 (1.009- 1.036) for distal cancer. 
Figure 1 shows the forest plot for HRs (95% CIs) of stomach cancer 
for those drinking ≥92 g/d ethanol compared with nondrinkers for 
men in model 2. Figure 2 shows the forest plot for HRs (95% CIs) of 
stomach cancer for 10- g/day increase in ethanol for men in model 2. 
Almost all of the cohort in the pooled analysis showed a significant 
or nonsignificant positive association between alcohol intake and 
stomach cancer risk.

Table 3 shows the association between alcohol intake and 
stomach cancer risk in women. Consumption of ≥23 g/d ethanol 
was positively but nonsignificantly associated with stomach cancer 
risk. Compared with nondrinkers, the multivariate- adjusted HRs 
(95% CIs) of stomach cancer were 0.93 (0.80- 1.08) for occasional 

drinkers, and 0.85 (0.74- 0.99) for <23 g/d and 1.22 (0.98- 1.53) 
for ≥23 g/d ethanol in regular drinkers in model 2. The median of 
alcohol intake in the category for ≥23 g/d was 34 g/d (range, 23- 
2297). The HR (95% CI) of stomach cancer for 10- g/d increase in 
ethanol was 1.031 (0.984- 1.079) with no significant cross- study 
heterogeneity (P = .259). Further adjustment for dietary intake in 
model 3 strengthened the association; compared with nondrinkers, 
the multivariate- adjusted HR (95% CI) of stomach cancer risk was 
1.38 (1.10- 1.74) for ≥23 g/d ethanol. These results were essentially 
unchanged after excluding participants with stomach cancer diagno-
sis within 3 years from baseline in both models 4 and 5. As in men, 
the analysis stratified by stomach cancer subsite showed that the 
point estimate of risk associated with alcohol intake was greater for 
proximal cancer than for distal cancer, although the associations 
were not statistically significant. Compared with nondrinkers, the 
multivariate- adjusted HRs (95% CIs) for ≥23 g/d ethanol were 1.60 
(0.76- 3.37) for proximal cancer and 1.18 (0.88- 1.57) for distal cancer 
in model 2. The findings were again essentially unchanged when we 
separated former drinkers from nondrinkers as a sensitivity analy-
sis using data from JPHC- II, JACC, MIYAGI, OHSAKI, and LSS, as 
shown in Table S2. When regular drinkers were defined as those who 
drink at least three times/wk (at least five times/wk only for LSS), 
the associations were almost unchanged. Compared with nondrink-
ers, the multivariate- adjusted HRs (95% CIs) of stomach cancer for 
≥23 g/d in model 2 were 1.27 (1.01- 1.60) for all stomach cancer, 1.86 

F I G U R E  1   Forest plot of study- specific and pooled hazard ratios (HRs) and 95% confidence intervals (CIs) of stomach cancer risk for 
Japanese men in model 2 with adjustment for age, study area, smoking status, and medical history of diabetes mellitus: comparison of 
drinkers (≥92 g/d ethanol) and nondrinkers. Bars show 95% CIs; arrows show that the CIs extend beyond the effect size range (−0.25 to 
6.00). P values indicate heterogeneity among the pooled cohort studies. JACC, Japan Collaborative Cohort; JPHC, Japan Public Health 
Center- based Prospective Study

NOTE: Weights are from random effects analysis

.

.

.

Total
JPHC Study I
JPHC Study II
JACC Study
Miyagi Cohort I
Ohsaki Cohort
Life Span Study
Subtotal  (I-squared = 8.6%, p = 0.361)

Proximal (upper third)
JPHC Study I
JPHC Study II
JACC Study
Miyagi Cohort I
Ohsaki Cohort
Life Span Study
Subtotal  (I-squared = 0.0%, p = 0.987)

Distal (lower two thirds)
JPHC Study I
JPHC Study II
JACC Study
Miyagi Cohort I
Ohsaki Cohort
Life Span Study
Subtotal  (I-squared = 19.8%, p = 0.284)

Study

Men
Men
Men
Men
Men
Men

Men
Men
Men
Men
Men
Men

Men
Men
Men
Men
Men
Men

Sex

model 2
model 2
model 2
model 2
model 2
model 2

model 2
model 2
model 2
model 2
model 2
model 2

model 2
model 2
model 2
model 2
model 2
model 2

Model

1.36 (1.07, 1.73)
1.16 (0.87, 1.54)
1.14 (0.60, 2.14)
1.04 (0.72, 1.50)
1.58 (1.06, 2.35)
2.17 (1.11, 4.26)
1.29 (1.11, 1.51)

1.67 (0.84, 3.32)
1.65 (0.79, 3.44)
1.46 (0.19, 11.05)
1.42 (0.60, 3.33)
2.08 (0.81, 5.37)
2.94 (0.33, 26.03)
1.69 (1.15, 2.47)

1.37 (1.02, 1.83)
1.13 (0.78, 1.63)
0.71 (0.17, 2.91)
0.86 (0.53, 1.40)
1.45 (0.81, 2.57)
2.29 (1.07, 4.89)
1.24 (0.99, 1.55)

Nondrinkers, HR (95% CI)
g/day ethanol vs.
Drinkers of >=92

33.45
25.45
5.75
16.39
13.85
5.12
100.00

30.70
26.69
3.53
19.92
16.11
3.06
100.00

34.61
25.49
2.43
16.95
12.72
7.80
100.00

Weight
%

1.36 (1.07, 1.73)
1.16 (0.87, 1.54)
1.14 (0.60, 2.14)
1.04 (0.72, 1.50)
1.58 (1.06, 2.35)
2.17 (1.11, 4.26)
1.29 (1.11, 1.51)

1.67 (0.84, 3.32)
1.65 (0.79, 3.44)
1.46 (0.19, 11.05)
1.42 (0.60, 3.33)
2.08 (0.81, 5.37)
2.94 (0.33, 26.03)
1.69 (1.15, 2.47)

1.37 (1.02, 1.83)
1.13 (0.78, 1.63)
0.71 (0.17, 2.91)
0.86 (0.53, 1.40)
1.45 (0.81, 2.57)
2.29 (1.07, 4.89)
1.24 (0.99, 1.55)

Nondrinkers, HR (95% CI)
g/day ethanol vs.
Drinkers of >=92

33.45
25.45
5.75
16.39
13.85
5.12
100.00

30.70
26.69
3.53
19.92
16.11
3.06
100.00

34.61
25.49
2.43
16.95
12.72
7.80
100.00

Weight
%

 HR of stomach cancer risk for drinkers of >=92 g/day ethanol as compared with nondrinkers 
1.25 .5 .75 1 1.251.5 2 3 4 5 6
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(0.88- 3.92) for proximal cancer, and 1.21 (0.88- 1.64) for distal can-
cer. The HRs (95% CI) for 10- g/d increase in ethanol (model 2) were 
1.031 (0.987- 1.077) for all stomach cancer, 1.031 (0.959- 1.107) for 
proximal cancer, and 1.044 (0.991- 1.101) for distal cancer. Figure 3 
shows the forest plot for HRs (95% CIs) of stomach cancer for those 
drinking ≥23 g/d ethanol compared with nondrinkers for women in 
model 2. Figure 4 shows the forest plot for HRs (95% CIs) of stomach 
cancer for 10- g/d increase in ethanol for women in model 2.

A positive correlation between drinking and smoking status was 
observed in both men and women based on the pooled distribution 
of individual studies (P < .001, respectively). We therefore explored 
the association between alcohol intake and stomach cancer risk by 
smoking status (nonsmokers or ever smokers), as shown in Tables S3 
and S4 for men and Tables S5 and S6 for women. The direction of 
the associations was essentially the same as for the overall results, 
although the number of stomach cancer cases was small for male 
nonsmokers and female ever smokers. We detected no significant 
interaction between drinking and smoking status for stomach can-
cer risk in any models in men (P > .10), although the interaction in 
women was significant in models 1- 3 (P = .003, .001 and .001, re-
spectively) but not in models 4- 5 (P > .10).

4  | DISCUSSION

In this pooled analysis of population- based cohort studies un-
dertaken in Japan with more than 250 000 participants and 8500 

stomach cancer cases, we found that male regular drinkers had a 
greater risk of stomach cancer than nondrinkers. The positive as-
sociations did not substantially change after excluding participants 
with stomach cancer diagnosis within 3 years from baseline. These 
associations were especially marked in male heavy drinkers. Heavy 
drinkers had a greater point estimate of risk for proximal cancer than 
for distal cancer.

These findings on the association between alcohol intake and 
stomach cancer risk are consistent with the results from a recent 
large meta- analysis by Tramacere et al14 of mainly European and 
American cohort and case- control studies. The risk of stomach can-
cer in moderate and heavy drinkers observed here was similar to the 
results of Tramacere et al; we found that the multivariate- adjusted 
HRs (95% CIs) of stomach cancer in men were 1.18 (1.09- 1.29) for 46 
to <69 g/d, 1.21 (1.05- 1.39) for 69 to <92 g/d, and 1.29 (1.11- 1.51) 
for ≥92 g/d, compared with nondrinkers. Tramacere et al found a rel-
ative risk of 1.20 (95% CI, 1.01- 1.44) for heavy drinkers of ≥4 drinks/d 
(≥50 g/d ethanol) compared with nondrinkers. Although their sub-
group analysis showed no association between heavy drinking and 
stomach cancer risk in Asia, the present study found that drinkers 
of ≥50 g/d ethanol had a significantly greater risk of stomach cancer 
using a quantitative pooled analysis of original data from each study 
and common alcohol intake categories across studies. Our findings 
are also consistent with a report from the World Cancer Research 
Fund/American Institute for Cancer Research, which indicated that 
alcohol intake above approximately 45 g/d ethanol (approximately 
three drinks a day) is probably associated with stomach cancer risk.37

F I G U R E  2   Forest plot of study- specific and pooled hazard ratios (HRs) and 95% confidence intervals (CIs) of stomach cancer risk for 
10- g/d increase in ethanol in Japanese men in model 2 with adjustment for age, study area, smoking status, and medical history of diabetes 
mellitus. Bars show 95% CIs. P values indicate heterogeneity among the pooled cohort studies. JACC, Japan Collaborative Cohort; JPHC, 
Japan Public Health Center- based Prospective Study

NOTE: Weights are from random effects analysis
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.

Total
JPHC Study I
JPHC Study II
JACC Study
Miyagi Cohort I
Ohsaki Cohort
Life Span Study
Subtotal  (I-squared = 62.9%, p = 0.019)

Proximal (upper third)
JPHC Study I
JPHC Study II
JACC Study
Miyagi Cohort I
Ohsaki Cohort
Life Span Study
Subtotal  (I-squared = 0.0%, p = 0.700)

Distal (lower two thirds)
JPHC Study I
JPHC Study II
JACC Study
Miyagi Cohort I
Ohsaki Cohort
Life Span Study
Subtotal  (I-squared = 58.6%, p = 0.034)

Study

Men
Men
Men
Men
Men
Men

Men
Men
Men
Men
Men
Men

Men
Men
Men
Men
Men
Men

Sex

model 2
model 2
model 2
model 2
model 2
model 2

model 2
model 2
model 2
model 2
model 2
model 2

model 2
model 2
model 2
model 2
model 2
model 2

Model

1.011 (1.005, 1.017)
1.009 (0.995, 1.023)
1.048 (1.020, 1.077)
1.025 (1.005, 1.046)
1.033 (1.005, 1.061)
1.047 (1.013, 1.083)
1.023 (1.011, 1.035)

1.011 (0.995, 1.027)
1.017 (0.984, 1.052)
1.078 (0.989, 1.175)
1.025 (0.969, 1.085)
1.048 (0.973, 1.129)
1.030 (0.909, 1.168)
1.016 (1.002, 1.029)

1.011 (1.005, 1.017)
1.011 (0.995, 1.027)
1.073 (1.027, 1.120)
1.019 (0.994, 1.045)
1.038 (1.002, 1.075)
1.048 (1.008, 1.090)
1.023 (1.009, 1.037)

ethanol, HR (95% CI)
10-g/day increase in

28.89
21.96
11.67
16.81
11.67
9.00
100.00

71.91
15.93
2.38
5.47
3.19
1.12
100.00

32.73
23.95
7.85
15.84
10.56
9.07
100.00

Weight
%

1.011 (1.005, 1.017)
1.009 (0.995, 1.023)
1.048 (1.020, 1.077)
1.025 (1.005, 1.046)
1.033 (1.005, 1.061)
1.047 (1.013, 1.083)
1.023 (1.011, 1.035)

1.011 (0.995, 1.027)
1.017 (0.984, 1.052)
1.078 (0.989, 1.175)
1.025 (0.969, 1.085)
1.048 (0.973, 1.129)
1.030 (0.909, 1.168)
1.016 (1.002, 1.029)

1.011 (1.005, 1.017)
1.011 (0.995, 1.027)
1.073 (1.027, 1.120)
1.019 (0.994, 1.045)
1.038 (1.002, 1.075)
1.048 (1.008, 1.090)
1.023 (1.009, 1.037)

ethanol, HR (95% CI)
10-g/day increase in

28.89
21.96
11.67
16.81
11.67
9.00
100.00

71.91
15.93
2.38
5.47
3.19
1.12
100.00

32.73
23.95
7.85
15.84
10.56
9.07
100.00

Weight
%

 HR of stomach cancer risk for 10-g/day increase in ethanol 
1.9 .95 1 1.05 1.1 1.15 1.2
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Moderate Japanese drinkers could be at an increased risk for 
stomach cancer. Alcohol metabolism produces the carcinogen acet-
aldehyde, and the ALDH2 enzyme plays an important role in oxi-
dizing harmful alcohol- related acetaldehyde into harmless acetate. 
This activity depends on polymorphism in the ALDH2 gene (rs671).38 
Individuals with inactive ALDH2 alleles are exposed to higher con-
centrations of acetaldehyde after drinking; approximately 40% of 
the Japanese population has inactive ALDH2 enzyme,39 whereas 
few  European and American people have inactive ALDH2 en-
zyme.40 Interestingly, two case- control studies in Japan showed a 
substantial association and interaction between ALDH2 polymor-
phism (rs671), alcohol intake, and stomach cancer risk,41,42 indicating 
that drinkers with inactive ALDH2 alleles had a higher risk of stom-
ach cancer compared with nondrinkers carrying homozygous active 
alleles. Given that inactive ALDH2 alleles are specific to East Asian 
people,40 alcohol intake might have a greater effect on stomach can-
cer risk in East Asian populations than in  European and American 
populations. It is interesting that the subgroup analysis in the meta- 
analysis by Tramacere et al14 showed a substantial increase in stom-
ach cancer risk for drinkers compared with nondrinkers in non- Asian 
countries but not in Asia: the HRs (95% CIs) were 1.12 (1.01- 1.24) 
and 1.02 (0.95- 1.09), respectively. This association, however, could 
stem from differences in the amount of alcohol intake between the 
two regions, because drinkers without inactive ALDH2 alleles (ie, 
most drinkers in  European and American populations) can consume 

more alcohol than drinkers with these alleles. The mediation analy-
ses undertaken in two case- control studies also suggest that indi-
viduals with inactive ALDH2 alleles experience two opposing effects 
of alcohol intake on the stomach; namely, a carcinogenic effect (ie, 
a direct effect mediated by increased alcohol- related acetaldehyde 
after drinking due to reduced activity of ALDH2 enzymes) and a pro-
tective effect (ie, an indirect effect mediated by changing drinking 
behavior).42,43 Therefore, the amount of alcohol intake and the di-
rect and indirect effects of the ALDH2 polymorphism (rs671) might 
be associated with stomach cancer risk related to alcohol intake in a 
complex way. A nested case- control study in Japan also suggested 
that the genes related to alcohol metabolism, including ALDH2 poly-
morphisms (rs671), interacted with the association between alcohol 
intake and stomach cancer risk.44 In that study, individuals with inac-
tive ALDH2 alleles who drank ≥150 g/wk ethanol had a significantly 
greater stomach cancer risk than those individuals without the allele 
who drank 0 to <150 g/wk; the multivariate- adjusted odds ratio was 
2.08 (95% CI, 1.05- 4.12) (P for interaction = .08).

We showed that heavy drinkers had a greater point estimate of 
risk for proximal cancer than for distal cancer, whereas Tramacere 
et al14 reported that alcohol intake was (nonsignificantly) associated 
with noncardia stomach cancer rather than with cardia stomach can-
cer. In that study, drinkers of ≥50 g/d ethanol had a summary relative 
risk of 1.17 (95% CI, 0.78- 1.75) for gastric noncardia cancer and 0.99 
(0.67- 1.47) for gastric cardia cancer, compared with nondrinkers. 

F I G U R E  3   Forest plot of study- specific and pooled hazard ratios (HRs) and 95% confidence intervals (CIs) of stomach cancer risk for 
Japanese women in model 2 with adjustment for age, study area, smoking status, and medical history of diabetes mellitus: comparison of 
drinkers (≥23 g/d ethanol) and nondrinkers. Bars show 95% CIs; arrows show that the CIs extend beyond the effect size range (−0.25 to 
6.00). P values indicate heterogeneity among the pooled cohort studies. JACC, Japan Collaborative Cohort; JPHC Study, Japan Public Health 
Center- based Prospective Study

NOTE: Weights are from random effects analysis
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Although it is unclear why these findings differed from our own, 
a partial explanation might be the difference in study regions. For 
example, noncardia stomach cancer cases caused by H. pylori infec-
tion and individuals with inactive ALDH2 enzymes are much more 
common in East Asian populations, including the Japanese popula-
tion, than in  European and American populations.40,45 As the meta- 
analysis by Tramacere et al14 mainly featured Western populations, 
their findings may reflect a Western- specific association of alcohol 
intake with stomach cancer risk by subsite; however, a recent large 
cohort study with more than 490 000 participants in the United 
States found no association between higher alcohol intake and gas-
tric noncardia cancer.15 The observed difference in the association 
of alcohol intake with stomach cancer risk between subsites could 
be mediated by different risk factors. Additional studies are needed 
to elucidate the relevant factors and mechanisms.

We provided evidence for a positive association between alco-
hol intake and stomach cancer risk among Japanese people using 
a pooled analysis of data from six large- scale cohort studies. A 
strength of this study was that all the studies analyzed had a pro-
spective design, a large population with a large number of stomach 
cancer cases, a long follow- up period, used a validated question-
naire to assess alcohol intake, and adjusted for multiple confound-
ers. Our pooled analysis using common alcohol intake categories 
between studies enabled us to properly examine the dose- response 
relationship between alcohol intake and stomach cancer. Pooled 

analysis using datasets from individual studies yields more precise 
estimates of the association between exposure and outcome than 
meta- analysis using data from publications.46 Our findings could 
apply not only to the Japanese population but also to other East 
Asian populations because they share many factors, such as a high 
incidence of stomach cancer, high prevalence of H. pylori infection, 
and genetic background.1,40,45 However, the following limitations 
should be considered. First, we did not consider the effects of the 
prevalence of H. pylori infection on the association between alco-
hol intake and stomach cancer, although this is a known strong risk 
factor for stomach cancer.2 Several cross- sectional studies showed 
that alcohol intake was not associated with H. pylori infection.47,48 
In addition, the IARC also states that confounding by H. pylori infec-
tion is not a major concern.49 If alcohol intake is related to H. pylori 
infection, however, it could confound the association between al-
cohol intake and stomach cancer. Interestingly, a large- scale pooled 
analysis of case- control studies showed the significant interaction 
between alcohol intake and H. pylori infection for stomach cancer 
risk (ie, the synergistic positive effect of alcohol intake and H. py-
lori infection on stomach cancer risk).50 Therefore, further studies 
that take into account H. pylori infection are needed. Second, we 
did not consider the effects of the relationship between partici-
pants’ genetic background (eg, ALDH2 polymorphisms) and alcohol 
metabolism on the association between alcohol intake and stomach 
cancer. As previous case- control and nested case- control studies 

F I G U R E  4   Forest plot of study- specific and pooled hazard ratios (HRs) and 95% confidence intervals (CIs) of stomach cancer risk for 10- 
g/d increase in ethanol in Japanese women in model 2 with adjustment for age, study area, smoking status, and medical history of diabetes 
mellitus. Bars show 95% CIs; arrows show that the CIs extend beyond the effect size range (−0.60 to 1.50). P values indicate heterogeneity 
among the pooled cohort studies. JACC, Japan Collaborative Cohort Study; JPHC, Japan Public Health Center- based Prospective Study

NOTE: Weights are from random effects analysis
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HR of stomach cancer risk for 10-g/day increase in ethanol 
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suggest an important role of ALDH2 polymorphisms for the asso-
ciation between alcohol intake and stomach cancer risk,41- 44 cohort 
studies that examine this role could further elucidate the effect of 
alcohol intake on stomach cancer risk. Third, we did not examine 
the association between heavy drinking and stomach cancer risk 
in women because of the small number of female heavy drinkers. 
Fourth, although we controlled for the confounding effect of smok-
ing through statistical adjustment or subgroup analysis by smoking 
status, it is difficult to completely rule out a possible residual con-
founding effect of smoking. We detected a significant interaction 
between drinking and smoking status for stomach cancer risk in 
women; however, the number of stomach cancer cases was limited 
in female ever smokers. In addition, as the number of heavy drinkers 
was limited in male nonsmokers, further examinations are required 
to confirm the association. Fifth, our evaluation of alcohol intake 
using a self- administered questionnaire at baseline could have led 
to misclassification in each study. If present, however, this would 
have been nondifferential and resulted in underestimation of the 
associations. Differences in information bias for drinking would not 
occur between participants with stomach cancer and those without, 
because this information was recorded before the stomach cancer 
diagnosis. Finally, we were unable to consider changes in drinking 
habits and potential confounders (eg, smoking) during the follow- up 
period because the information was obtained only at baseline. As 
people tend to reduce alcohol intake with age due to various rea-
sons, we might overestimate their alcohol intake during the fol-
low- up; the overestimated exposure could lead to underestimation 
of the associations.

In conclusion, we provide evidence for a positive association be-
tween alcohol intake and stomach cancer risk in men using a pooled 
analysis of population- based cohort studies. Better understanding 
of this relationship could help physicians and policymakers to de-
velop intervention strategies to reduce stomach cancer risk caused 
by alcohol intake.
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