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U-shaped Effect of Drinking and Linear Effect of Smoking on Risk for Stomach 
Cancer in Japan
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A case-control study was conducted to evaluate the relationship between smoking or drinking
doses and risk for stomach cancer, and to clarify whether the relationship is dose-dependent or
U-shaped. Smoking dose was categorized as 0, 1–399, 400–799, or 800++++ cigarette-years, and drinking
dose as 0, occasional/0.1–134.9, 135–1349.9, or 1350++++ alcohol-years (ml of pure alcohol intake per
day multiplied by years of drinking). Helicobacter pylori status was determined by serology for
adjustment. Using logistic regression, the adjusted effects of smoking and drinking doses on risk
for stomach cancer were calculated for both genders. Among male subjects, the odds ratios (95%
confidence intervals (CIs)) were 1.29 (0.76, 2.18) for 1–399, 1.71 (1.05, 2.80) for 400–799 and 2.46
(1.49, 4.07) for 800++++ cigarette-years compared with never-smokers, and 1.89 (0.97, 3.69) for never-
drinkers, 2.82 (1.63, 4.86) for 135–1349.9 and 2.84 (1.97, 4.83) for 1350.0++++, compared with
occasional/0.1–134.9 alcohol-years. Among female subjects, they were 0.44 (0.20, 1.00) for 1–399
and 2.471 (0.91, 6.68) for 400++++ cigarette-years compared with never-smokers, and 1.54 (0.90, 2.63)
for never-drinkers and 1.39 (0.66, 2.93) for 135.0++++ alcohol-years. Smoking seems to exert a linear
effect and drinking, a J- or U-shaped effect on risk for stomach cancer, although there might be a
dip of risk in light smokers among female subjects.
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Many studies have reported that smoking is a risk factor
for stomach cancer, although several have yielded contra-
dictory results. An effect of alcohol intake on risk for
stomach cancer has been suspected, and both affirmative
and negative results have been reported. However, few
studies have evaluated the effect of smoking or drinking
on stomach cancer with consideration of their doses. Alco-
hol intake is known to have a U- or J-shaped effect on car-
diovascular diseases,1) stroke,2) all causes of death1, 3) and
cancer mortality4); that is, those who consume a little alco-
hol have the lowest risk. Therefore, it would seem impor-
tant to evaluate the relationship between smoking or

drinking dose and risk for stomach cancer, and to clarify
whether the relationship is dose-dependent or U-shaped.

Although it is known that Helicobacter pylori is a
strong risk factor for stomach cancer,5–9) few studies to
date have evaluated the effect of smoking or drinking with
consideration of H. pylori status.

In this study, the effects of smoking and drinking
on risk of stomach cancer were evaluated according to
their doses, using data including H. pylori status from
718 stomach cancer patients and 883 control subjects.
Analyses were also carried out for intestinal, diffuse type,
early advanced, proximal and distal stomach cancer,
respectively.

SUBJECTS AND METHODS

The case subjects were stomach cancer patients who
were newly hospitalized in one of nine hospitals in the
Tokyo Metropolitan Area between June 1993 and July
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1995. Patients aged over 70 years and those who had
undergone prior therapy for stomach cancer were
excluded. The control subjects were recruited from several
health check programs in a hospital in the same area
between June 1993 and November 1994, so that numbers
of subjects were about 100 men and 100 women in each
10-year age-class, in order of admission.9) The subjects
were asked to provide sera and to fill out a questionnaire
regarding their smoking and drinking habits. Informed
consent was obtained from all subjects. In the question-
naire, the case subjects were asked whether they had been
diagnosed clinically or in screening programs for stomach
cancer. Diagnoses were confirmed using the pathology
reports for resection or biopsy specimens. The case sub-
jects were classified by type (intestinal or diffuse), stage
(early or advanced), and subsite of the lesions (proximal,
middle or distal). Those with both intestinal and diffuse
type lesions were classified according to the most preva-
lent lesion. Proximal, middle and distal cancers were can-
cers the main lesion of which was within the proximal,
middle or distal third of the stomach.

Of 787 stomach cancer patients and 1007 control sub-
jects, 69 patients and 124 control subjects were excluded
from the analyses, because the information they provided
on smoking or drinking habits was incomplete. The age
and gender distribution of the subjects included in the
analyses is shown in Table I. The smoking dose for ex-
and current smokers was calculated by multiplying ciga-
rettes consumed per day by years of smoking (cigarette-
years). The drinking dose for ex- and current drinkers was
calculated by multiplying the amount of pure alcohol con-
sumed (ml) per day by years of drinking (alcohol-years).
A cup (180 ml) of sake (Japanese rice wine) contains 27
ml of pure alcohol. Thus, consumption of one cup of sake
a day for 5 years equals 135 alcohol-years.

The presence of H. pylori antibody was measured by
the SRL Co., Ltd. (Tokyo) using Pilika-Plate G Helico-
bacter produced by Biomerica Co., Ltd. (Newport, CA). In
the present study, (±) was defined as negative.

At first, analyses restricting case subjects to those who
were diagnosed in screening programs were carried out,
and then analyses using all stomach cancer patients were
carried out. Each analysis was conducted separately by
gender. Age, H. pylori status, smoking and drinking doses
were put into an unconditional logistic regression model as
explanatory variables, and their mutually adjusted odds
ratios for risk of stomach cancer were calculated. In the
analysis of male subjects, smoking and drinking doses
were classified into 4 categories with similar numbers of
subjects in each: smoking dose: never, 1–399, 400–799,
and 800 or more; drinking dose: never, occasional and 1–
134.9, 135–1349.9, and 1350 or more. As female subjects
showed smaller smoking and drinking doses than male
subjects, the third and the fourth categories of the smoking
and drinking doses were combined in the analysis of
female subjects.

In order to observe whether any relationship between
stomach cancer and the risk factors depends on the type,
stage or subsite of the lesion, analyses were also carried
out using all control subjects and the case subjects with
the types, stages and subsites.

RESULTS

About half of the stomach cancer patients were diag-
nosed in screening programs (Table I). Both smoking and
drinking habits depended more on gender than on diagno-
sis. Smoking and drinking were more frequent among
male subjects. Ex-smokers and ex-drinkers accounted for a
larger proportion of stomach cancer patients than control
subjects. As separate analyses by H. pylori status gave
similar results, they are not shown in this study.

Results of male subjects are shown in Table II. When
stomach cancer patients were restricted to those from
screening, the odds ratios (95% confidence intervals (CIs))
were 1.29 (0.76, 2.18) for 1–399, 1.71 (1.05, 2.80) for
400–799 and 2.46 (1.49, 4.07) for 800+ cigarette-years
compared with never-smokers, and 1.89 (0.97, 3.69) for

Table I. Age and Gender Distribution of the Subjects (%)

Age
Whole stomach cancer patients Screening-diagnosed (again)a) Control subjects

Male Female Male Female Male Female 

20–29 1 (0.2) 2 (0.9) 0 (0.0) 1 (1.0) 87 (19.4) 89 (20.5)
30–39 15 (3.0) 19 (8.5) 10 (3.4) 6 (5.9) 95 (21.2) 89 (20.5)
40–49 95 (19.2) 53 (23.7) 60 (20.5) 29 (28.7) 90 (20.1) 84 (19.3)
50–59 161 (32.6) 77 (34.4) 105 (35.8) 37 (36.6) 87 (19.4) 87 (20.0)
60–69 222 (44.9) 73 (32.6) 118 (40.3) 28 (27.7) 89 (19.9) 86 (19.8)

Total 494 (100.0) 224 (100.0) 293 (100.0) 101 (100.0) 448 (100.0) 435 (100.0)

a) Stomach cancer patients diagnosed in screening programs for stomach cancer.
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never-drinkers, 2.82 (1.63, 4.86) for 135–1349.9 and 2.84
(1.97, 4.83) for 1350.0+, compared with occasional/0.1–
134.9 alcohol-years. Similar results were obtained when
all stomach cancer patients were included. The risk of
stomach cancer increased linearly with smoking dose, but
not with drinking dose. Subjects with less than 135 alco-
hol-years and occasional drinkers showed the lowest risk

for stomach cancer, while the other subjects had signifi-
cantly elevated risk. Heavy drinkers with 1350 or more
alcohol-years had the highest risk for stomach cancer.

Among female subjects, when stomach cancer patients
were restricted to those from screening, the odds ratios
(95%CIs) were 0.44 (0.20, 1.00) for 1–399 and 2.47
(0.91, 6.68) for 400+ cigarette-years compared with never-

Table II. Odds Ratios for Stomach Cancer among Male Subjects Adjusted for Age and the Shown Variables Using Logistic Regression

Explanatory variable
Category

Stomach cancer diagnosed in screening Whole stomach cancer

Patients/
Subjects OR (95%CI) OR (95%CI)a) Patients/

Subjects OR (95%CI) OR (95%CI)a)

Smoking dose (cigarette-
yearsb))

P=0.004 P<0.001

0 (Never-smoker) 52/188 1.0 87/223 1.0
1–399 52/211 1.29 (0.76, 2.18) 75/234 1.21 (0.76, 1.92)
400–799 84/178 1.71 (1.05, 2.80) 149/243 2.00 (1.31, 3.05)
800+ 105/164 2.46 (1.49, 4.07) 183/242 2.63 (1.69, 4.10)

Drinking dose (alcohol-
yearsc))

P<0.001 P<0.001

0 (Never-drinker) 34/91 1.0 1.89 (0.97, 3.69) 62/119 1.0 1.75 (1.00, 3.07)
Occasional and 0.1–134.9 31/177 0.53 (0.27, 1.03) 1.0 60/206 0.57 (0.33, 1.00) 1.0
135.0–1349.9 90/233 1.49 (0.82, 2.70) 2.82 (1.63, 4.86) 135/278 1.23 (0.73, 2.06) 2.15 (1.39, 3.39)
1350.0+ 138/240 1.50 (0.85, 2.65) 2.84 (1.67, 4.83) 237/339 1.40 (0.85, 2.31) 2.45 (1.57, 3.83)

H. pylori serology P<0.001 P<0.001
Negative 24/216 1.0 48/240 1.0
Positive 269/525 4.57 (2.78, 7.54) 446/702 3.50 (2.34, 5.22)

a) Odds ratios when the risk of the second category is defined as 1.0.
b) Cigarettes/day multiplied by years of smoking.
c) Pure alcohol intake (ml)/day multiplied by years of drinking. Male.

Table III. Odds Ratios for Stomach Cancer among Female Subjects Adjusted for Age and the Shown Variables Using Logistic Regres-
sion

Explanatory variable
Category

Stomach cancer diagnosed in screening Whole stomach cancer

Patients/
Subjects OR (95%CI) OR (95%CI)a) Patients/

Subjects OR (95%CI) OR (95%CI)a)

Smoking dose (cigarette-
yearsb))

P=0.021 P=0.003

0 (Never-smoker) 84/412 1.0 178/506 1.0
1–399 8/105 0.44 (0.20, 1.00) 23/120 0.70 (0.40, 1.22)
400+ 9/19 2.47 (0.91, 6.68) 23/33 3.61 (1.57, 8.30)

Drinking dose (alcohol-
yearsc))

P=0.291 P=0.016

0 (Never-drinker) 57/227 1.0 1.54 (0.90, 2.63) 138/308 1.0 1.86 (1.22, 2.83)
Occasional and 0.1–134.9 29/227 0.65 (0.38, 1.12) 1.0 55/253 0.54 (0.35, 0.82) 1.0
135.0+ 15/82 0.91 (0.45, 1.83) 1.39 (0.66, 2.93) 31/98 0.75 (0.43, 1.30) 1.38 (0.77, 2.48)

H. pylori serology P<0.001 P<0.001
Negative 9/212 1.0 24/227 1.0
Positive 92/324 6.37 (3.07, 13.2) 200/432 5.10 (3.13, 8.28)

a), b), c) See the footnotes of Table II.
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smokers, and 1.54 (0.90, 2.63) for never-drinkers and 1.39
(0.66, 2.93) for 135.0+ alcohol-years (Table III). Similar
odds ratios were obtained when all stomach cancer
patients were included. Smokers with 1–399 cigarette-
years had a reduced risk compared with never-smokers,
and the difference was significant only in the analysis
restricting stomach cancer patients to those from screen-
ing. Smokers with 400 or more cigarette-years showed an
elevated risk, and the difference was significant in the
analysis using all patients. Subjects with less than 135
alcohol-years and occasional drinkers showed the lowest

risk, and the difference with never-drinkers was significant
in the analysis using all patients.

H. pylori status was positively related to the risk for
stomach cancer after adjustment for smoking and drinking
doses irrespective of gender or the way of diagnosis.

The odds ratios for the types, stages and subsites of can-
cers are shown in Tables IV for male and V for female
subjects. When case subjects were restricted by type,
stage, or subsite, the association of smoking and drinking
doses with the cancers showed the same pattern as with
the cancer overall. However, when restricted by subsites, a

Table IV. Odds Ratios for Intestinal, Diffuse Types, Early, Advanced, Proximal, Middle and Distal Stomach Cancer among Male Sub-
jects

Intestinal type Diffuse type Early Advanced Proximala) Middlea) Distala)

(Number of 
patients) 

(330) (164) (271) (221) (111) (218) (165)

Smoking dose 
(cigarette-yearsb))
0 1.0   P<0.01c) 1.0   P<0.01 1.0   P<0.01 1.0   P<0.01 1.0   P<0.01 1.0   P=0.01 1.0   P<0.01
1–399 1.25 (0.73, 2.15) 1.06 (0.57, 1.97) 1.42 (0.81, 2.47) 0.98 (0.54, 1.78) 1.15 (0.51, 2.57) 0.87 (0.49, 1.85) 1.95 (0.99, 3.84)
400–799 2.13 (1.31, 3.44) 1.63 (0.93, 2.87) 2.26 (1.37, 3.75) 1.71 (1.02, 2.89) 2.11 (1.06, 4.17) 1.22 (0.72, 2.07) 3.20 (1.75, 5.86)
800+ 2.70 (1.65, 4.42) 2.44 (1.37, 4.33) 2.83 (1.68, 4.78) 2.45 (1.45, 4.15) 2.83 (1.44, 5.59) 2.10 (1.24, 3.55) 3.47 (1.86, 6.45)
Drinking dose 
(alcohol-yearsb))
0 1.76 (0.94, 3.32) 1.74 (0.80, 3.79) 1.76 (0.90, 3.44) 1.88 (0.94, 3.77) 2.72 (1.13, 6.53) 1.74 (0.84, 3.57) 1.28 (0.60, 2.76)
0.1–134.9d) 1.0   P=0.02c) 1.0   P<0.01 1.0   P<0.01 1.0   P=0.02 1.0   P=0.06 1.0   P<0.01 1.0   P=0.25
135.0–1349.9 2.07 (1.22, 3.53) 2.20 (1.19, 4.07) 2.23 (1.29, 3.87) 2.17 (1.21, 3.89) 2.24 (1.01, 4.96) 2.34 (1.30, 4.19) 1.85 (1.00, 3.41)
1350.0+ 2.14 (1.29, 3.55) 3.05 (1.68, 5.56) 2.50 (1.48, 4.23) 2.38 (1.36, 4.17) 2.46 (1.17, 5.17) 3.29 (1.88, 5.76) 1.56 (0.86, 2.84)

Adjusted for age, Helicobacter pylori status and the shown factors.
The number of control subjects was 448 in each analysis.
a) The main lesion was within the proximal, middle and distal third of the stomach, respectively.
b) See the footnote of Table II.
c) P-value for smoking dose or drinking dose.
d) Including occasional drinker.

Table V. Odds Ratios for Intestinal, Diffuse Types, Early, Advanced, Proximal, Middle and Distal Stomach Cancer among Female
Subjects

Intestinal type Diffuse type Early Advanced Proximala) Middlea) Distala)

(Number of 
patients) 

(89) (135) (113) (111) (39) (111) (70)

Smoking dose 
(cigarette-yearsb))
0 1.0   P=0.20 c) 1.0   P=0.04 1.0   P=0.08 1.0   P=0.12 1.0   P=0.05 1.0   P=0.29 1.0   P=0.06
1–399 0.76 (0.33, 1.77) 0.69 (0.35, 1.35) 0.66 (0.31, 1.40) 0.78 (0.38, 1.60) 0.34 (0.76, 1.49) 0.98 (0.51, 1.87) 0.50 (0.16, 1.51) 
400+ 2.50 (0.83, 7.56) 2.89 (1.10, 7.61) 2.57 (0.95, 6.95) 2.65 (0.95, 7.35) 3.43 (0.94, 12.47) 2.25 (0.81, 6.25) 2.90 (0.97, 8.69) 
Drinking dose 
(alcohol-yearsb))
0 2.18 (1.18, 4.03) 1.74 (1.07, 2.84) 1.48 (0.88, 2.49) 2.48 (1.42, 4.33) 1.50 (0.70, 3.21) 2.07 (1.22, 3.53) 1.69 (0.85, 3.35) 
0.1–134.9d) 1.0   P=0.04 c) 1.0   P=0.06 1.0   P=0.22 1.0   P<0.01 1.0   P=0.21 1.0   P=0.02 1.0   P=0.28
135.0+ 1.39 (0.55, 3.53) 1.02 (0.48, 2.19) 0.88 (0.38, 2.05) 1.54 (0.68, 3.44) 0.43 (0.10, 2.05) 1.34 (0.64, 2.84) 1.78 (0.67, 4.71)

Adjusted for age, Helicobacter pylori status and the shown factors.
The number of control subjects was 435 in each analysis.
a), b), c), d) See the footnotes of Table IV.
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difference in the strength of the associations was observed.
In both male and female subjects, smoking dose was more
closely associated with proximal and distal cancers than
with middle cancer, whereas drinking dose showed a
stronger association with middle cancer.

DISCUSSION

The stomach cancer patients and control subjects were
from different hospitals, which may be a limitation of this
study. The control subjects were screenees who attended
health check programs, and most of them underwent stom-
ach examination (contrasted X-ray) as screening for stom-
ach cancer in the programs. They would often have been
admitted to the hospitals where the stomach cancer
patients were recruited, if their diagnoses had been stom-
ach cancer. Sampling bias between the stomach cancer
patients and the control subjects may have had little influ-
ence on the results of this study.

In this study, about half of the stomach cancer patients
were diagnosed in screening programs, and there might be
a difference depending on the way of diagnosis among the
stomach cancer patients. Analyses restricting stomach can-
cer patients to those diagnosed in screening programs were
carried out, because screenees might be biased as control
subjects for stomach cancer patients not diagnosed in
screening programs. However, no difference was observed
between analyses using all stomach cancer patients and
analyses using case subjects from screening programs. The
only exception was a slight difference in significance
among female subjects, which may be because of the dif-
ference in sample sizes. Thus, we concluded that in this
study the difference between stomach cancer patients from
screening and those diagnosed clinically was negligible,
and further analyses were carried out using all stomach
cancer patients.

In Japan, most people, though there is limitation by
age, can attend health check programs and screenings for
lung, cervical, stomach and colon cancers with little or
no charge. This is because local governments, health
insurance societies and/or employers meet the cost. This
system may have accounted for the high propor-
tion of patients from screening among the stomach cancer
patients of this study and may have minimized the
difference between the patients from and not from screen-
ing programs.

As there was a considerable difference in smoking and
drinking doses between male and female subjects, analy-
ses were carried out separately by gender. Both analyses
gave similar results, which seems to reinforce the reliabil-
ity of the results in this study. Ex-smokers and ex-drinkers
were more frequent among stomach cancer patients. This
may be because some patients stopped smoking or drink-
ing after their hospitalization. However, this may have

exerted little effect, because cigarette-years and alcohol-
years are used for smoking and drinking doses.

It is a well-known fact that H. pylori is closely related
with the risk of stomach cancer.5–9) No remarkable differ-
ence was found between analyses restricting subjects by
H. pylori status, though the results are not shown. There-
fore, the effect of smoking and drinking doses were evalu-
ated with adjustment for H. pylori status, which differs
from most studies to date. Although a Russian study has
reported a synergic effect of H. pylori infection and smok-
ing,10) we could not find any such effect in Japanese
subjects.
Smoking  Many studies have evaluated the relationship
between smoking and risk of stomach cancer. Although
some studies obtained negative results,11–13) other studies
had positive results,14–24) several of which showed a linear
association between smoking dose and risk of stomach
cancer.10, 25–28)

Among male subjects, smoking dose showed a dose-
dependent linear association with risk of stomach cancer.
Among female subjects, smokers with 1–399 cigarette-
years showed the lowest risk, which was different from the
results among male subjects. If the gender difference in
effect of light smoking on risk for stomach cancer is a true
one, two explanations may be possible. One is that biolog-
ical gender difference may influence the effect of smok-
ing, and the other is that there may be a difference in
the backgrounds of light smokers depending on gender,
because male smoking is socially considered to be not as
bad as female smoking in Japan. Nevertheless, the possi-
bility still remains that the gender difference is a seeming
one caused by the socially negative evaluation of female
smoking. It is possible that some female smokers kept
their past smoking habit secret from the questionnaire in
this study, and the frequency of smokers may be under
estimated among the patients, because most patients had
quit smoking due to disease and/or hospitalization at the
time when they answered the questionnaire. Thus, it is
impossible to say whether the gender difference in the risk
of light smokers is a true or a seeming one, from the
results of this study. It is concluded that smoking elevates
the risk of stomach cancer dose-dependently, although
there might be a dip of risk in light smokers among female
subjects.
Drinking  Although many studies have produced negative
results on the relationship between drinking and risk of
stomach cancer,13, 16, 20, 21, 25, 26, 29) some studies have shown
positive results.11, 12, 19, 22, 23) A few studies found a linear
association.11, 23)

In this study, light drinkers showed the lowest risk
among both male and female subjects, and heavy drinkers
the highest risk among male subjects. In other words, the
association was J-shaped among male subjects, and U-
shaped among female subjects, which is different from the
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linear association shown in preceding studies. The reasons
for the discrepancy may be differences in the areas of the
studies, incidence of stomach cancer, and background fac-
tors such as food intake and lifestyle. Adjustment for H.
pylori status may have made the J- or U-shaped associa-
tion clearer. The association of drinking with risk of stom-
ach cancer is very similar to the association with risk
of other diseases such as cardiovascular diseases1) and
stroke.2) The J- or U-shaped association can explain the
fact that more studies on stomach cancer have demon-
strated an association with smoking than with drinking.
Type, stage and subsite of lesion  When stomach cancer
was restricted by type, stage or subsite of the lesions, the
linear association with smoking and the J- or U-shaped
association with drinking were also observed. The linear
and the U-shaped association may not depend on type,
stage or subsite of the lesions. Although neither type nor
stage of cancer was very closely related with the associa-

tion, smoking showed a stronger association with proximal
and distal cancers and drinking a stronger association with
middle cancer than the other subsites of cancer. The
present results on smoking are similar to the results of one
Japanese study,30) although they are different from the
results of a Swedish study.20) The closeness of the relation-
ship with smoking and probably with drinking may be dif-
ferent according to the subsite of the lesions.
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