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The authors assessed the separate and joint influences of cigarette smoking and Helicobacter pylori infection on
the development of gastric cancer in a population-based prospective study. A total of 1,071 Japanese men aged
�40 years were followed up prospectively for 14 years (1998–2002). Compared with that for current nonsmokers,
the multivariate-adjusted hazard ratios of gastric cancer for smokers of 1–9, 10–19, and �20 cigarettes per day
were 1.36 (95% confidence interval (CI): 0.50, 3.71), 1.93 (95% CI: 1.01, 3.67), and 1.88 (95% CI: 1.02, 3.43),
respectively. The risk of gastric cancer increased steeply for subjects who had both a smoking habit and H. pylori
infection compared with those who did not have both risk factors (hazard ratio ¼ 11.41, 95% CI: 1.54, 84.67). If
causal, the estimated population attributable fraction of gastric cancer for cigarette smoking was approximately half
that for H. pylori infection (28.4% vs. 56.2%). The overlap of the population attributable fractions for the 2 factors
was 49.6%. Findings suggest that cigarette smoking and H. pylori infection are significant risk factors for gastric
cancer in Japanese men, and the magnitude of their combined influence is considerable.
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Abbreviations: CI, confidence interval; HR, hazard ratio; PAF, population attributable fraction.

A number of epidemiologic and clinical studies have
demonstrated clear associations between cigarette smoking
and the risk of gastric cancer, and smoking is thought to be
causally related to development of the cancer (1, 2). A par-
ticular limitation of previous available studies on this issue
is a lack of control for confounding factors, especially
Helicobacter pylori infection, which has been established
as a major risk factor for gastric cancer (3). To our knowl-
edge, cigarette smoking and H. pylori infection, 2 major
causal factors for gastric cancer, have never been considered
together in the same prospective cohort study, and the joint
influence of the 2 factors remains unclear. On the other
hand, Japan has high rates of both smoking (4) and H. pylori
infection (5) as well as high mortality and incidence of
gastric cancer (6). Our aim was to examine the separate
and joint influences of cigarette smoking and H. pylori

infection on the development of gastric cancer by prospec-
tively studying a population of Japanese men.

MATERIALS AND METHODS

Study population

The town of Hisayama is a suburban community adjacent
to Fukuoka City, a metropolitan area in the southern part of
Japan. The population of the town is approximately 7,500
and has been stable over 40 years. According to the 1985
census, the ages and occupational distributions of the town’s
residents were almost identical to those of Japan as a whole
(7). In 1988, 2,742 Hisayama residents (1,165 men
and 1,577 women) aged 40 years or older (80.9% of the
total population in that age group) underwent a screening
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examination for the present study. Subjects were limited to
men because the frequency of smoking was low among
women. After exclusion of 91 individuals with a history
of gastrectomy or gastric cancer (individuals with a history
of cancer other than gastric cancer were not excluded) and
3 who died during the examination, a total of 1,071 men
(mean age, 58.2 years) were enrolled in the study.

Follow-up survey

The methods used for the follow-up survey were de-
scribed in detail in our previous report (5). In brief, this
population was followed up for 14 years between December
1988 and November 2002 by repeated health checkups con-
ducted every 1–2 years. Approximately 60%–80% of the
subjects regularly returned for their checkups, whereas
5.9% of the total subjects moved away from Hisayama dur-
ing the follow-up period. For all subjects who did not un-
dergo a regular checkup or who moved away, health status
was checked every year by mail or telephone. In addition,
a daily monitoring system was established by the study team
and local physicians or members of the Division of Health
and Welfare of the town. To identify new occurrences
of gastric cancer in the cohort, we monitored the records of
endoscopic biopsies of the stomach as well as the records of
radiographies and endoscopies generally performed at local
clinics or general hospitals in and around the town. We also
checked all of the records of annual mass screenings for
gastric cancer by barium radiographic examination. Further-
more, to find any cases of occult gastric cancer, autopsies
were performed on 221 (76.7%) of 288 subjects who died
during the follow-up period.

The diagnosis of all cases of gastric cancer was confirmed
by histologic examination of tissue specimens obtained by
surgery, including gastrectomy and endoscopic mucosal re-
section, or autopsy. The tumors were categorized as either
intestinal type or diffuse type according to the classification
of Lauren (8). The location of the tumor within the stomach
was determined by combined evaluation of the clinical and
histopathologic records.

During the follow-up period, no subject was lost to follow-
up, and gastric cancer developed in 68 subjects. Among
them were 7 patients (10.3%) who had 2 synchronous gas-
tric cancers. One (1.5%) occult case was first diagnosed at
autopsy. Of the 75 lesions in 68 cases, 59 were classified as
intestinal type and the remaining 16 as diffuse type. With
regard to the anatomic subsite of the cancers, 18 were on the
cardia and proximal one-third, and the remaining 57 were on
the distal two-thirds. The interval time from baseline to time
of diagnosis of cancer varied from 0.5 to 13.7 years.

Risk factor measurement

Information regarding smoking habits, alcohol intake,
history of peptic ulcer disease, and family history of cancer
was obtained by means of a questionnaire administered to
each subject. On the basis of smoking status, subjects were
classified as never smokers, former smokers, or current
smokers, and the latter were further subdivided into those
smoking 1–9, 10–19, or �20 cigarettes per day.

To assess the independent influence of cigarette smoking
on gastric cancer occurrence, baseline risk factors in addi-
tion to age were used for analysis as confounding factors.
Serum immunoglobulin G antibodies to H. pylori were
measured by means of a quantitative enzyme immunoassay
using a commercial kit (HM-CAP; Enteric Products Inc.,
Westbury, New York). The assay values were interpreted
as positive and negative based on the manufacturer’s
instructions. Diabetes was revealed by medical history,
glucose levels (fasting glucose level �7.8 mmol/L or
postprandial glucose level �11.1 mmol/L), or a 75-g oral
glucose tolerance test (using the 1985 World Health Orga-
nization criteria (9)), which was administered to most of the
subjects aged 40–79 years (7), with plasma glucose mea-
sured by the glucose-oxidase method. Serum cholesterol
levels were determined enzymatically. Body mass index
(weight (kg)/height (m)2) was used as an indicator of obe-
sity. Those subjects engaging in sports more than 3 times per
week during their leisure time made up the physically active
group. The dietary survey was conducted by using a semi-
quantitative food frequency method (10), and the nutritional
elements were adjusted for energy intake using the method
of Willet and Stamper (11) to assess their independent con-
tribution. Nutritional intake was calculated by using the
fourth revision of the Standard Tables of Food Composition
in Japan (12).

Statistical analysis

The incidence of first-ever gastric cancer was estimated
with the person-year method and was compared by using the
Cox proportional hazards regression model. The Cox pro-
portional hazards model was also used to estimate hazard
ratios and 95% confidence intervals. In analysis according to
histologic type and location of gastric cancer, each of the
double cancers was stratified into its respective category. All
male subjects were used as a standard population for age
adjustment. The population attributable fractions (PAFs) of
gastric cancer for cigarette smoking and H. pylori infection
were calculated by using the observed multivariate-adjusted
hazard ratio of each risk factor and its frequency in gastric
cancer cases (13). The confidence interval of the PAF was
estimated by the method proposed by Greenland (14). All
tests were 2 sided, and P values of <0.05 were considered
statistically significant.

RESULTS

Table 1 shows the mean values or frequencies of the
potential risk factors in our cohort of male subjects. The
frequencies of cigarette smoking and H. pylori infection
were 49.7% and 76.9%, respectively.

The age-adjusted incidence of gastric cancer according to
smoking status is shown in Table 2. Because the incidence
of gastric cancer did not differ between never smokers and
former smokers, these 2 groups were combined as a current
nonsmoking group in all subsequent analyses. The inci-
dence of gastric cancer significantly increased among sub-
jects who smoked 10 cigarettes or more per day compared
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with subjects in the current nonsmoking group (P < 0.05).
The age-adjusted hazard ratio was 2.07 (95% confidence
interval (CI): 1.11, 3.85; P ¼ 0.022) for those who smoked
10–19 cigarettes per day and 2.18 (95% CI: 1.21, 3.92; P <
0.01) for those who smoked 20 cigarettes or more per day
(Table 3). The age-adjusted hazard ratio for overall current
smoking was 2.02 (95% CI: 1.23, 3.32; P ¼ 0.006). This
association was substantially unchanged even after adjust-
ing for other potential risk factors, namely, H. pylori infec-
tion, history of peptic ulcer, family history of cancer, body
mass index, diabetes, total cholesterol, physical activity,

alcohol intake, and dietary factors (intake of total energy,
protein, carbohydrate, salt, vitamin A, vitamin B1, vitamin
B2, vitamin C, and fiber). As shown in Table 3, H. pylori
infection was also a significant risk factor for gastric cancer
after adjustment for other confounding factors, including
cigarette smoking (multivariate-adjusted hazard ratio (HR) ¼
2.68, 95% CI: 1.21, 5.93; P ¼ 0.015). We estimated the
PAF of gastric cancer for cigarette smoking and H. pylori
infection: 28.4% (95% CI: 1.2, 48.1) of the cancers that
developed were attributable to smoking and 56.2% (95%
CI: 11.0, 78.5) to H. pylori infection.

We next analyzed the risk of gastric cancer according to
smoking and H. pylori infection status (Table 4). When
compared with that for current nonsmokers without H.
pylori, themultivariate-adjusted hazard ratios of gastric cancer
were 5.82 (95% CI: 0.69, 49.13; P ¼ 0.11) for current
smokers without H. pylori, 6.93 (95% CI: 0.93, 51.56;
P ¼ 0.06) for current nonsmokers with H. pylori, and
11.41 (95% CI: 1.54, 84.67; P ¼ 0.02) for current smokers
with H. pylori. The interaction term between cigarette
smoking and H. pylori infection was not statistically sig-
nificant (P ¼ 0.20). The PAFs of gastric cancer for ciga-
rette smoking alone, H. pylori infection alone, and cigarette
smoking with H. pylori infection were 7.3% (95%
CI: �0.4, 14.5), 30.1% (95% CI: 12.5, 44.3), and 49.6%
(95% CI: 30.8, 63.4), respectively (Table 4, Figure 1).

Table 5 shows the associations of smoking and H. pylori
infection with gastric cancer by location and histologic type
of cancer. The risk of cancer located in the distal two-thirds
of the stomach was significantly higher for current smokers
than for current nonsmokers (age-adjusted HR ¼ 1.83, 95%
CI: 1.06, 3.18; P ¼ 0.032), and a similar association was
observed for the risk of cancer in the proximal one-third,
although the hazard ratio did not reach the level of statistical
significance (age-adjusted HR ¼ 2.81, 95% CI: 0.98, 8.03;
P ¼ 0.054). Similarly, H. pylori infection was a significant
risk factor for cancer located in the distal two-thirds of the
stomach (age-adjusted HR ¼ 2.94, 95% CI: 1.17, 7.37; P ¼
0.022) but not for cancer in the proximal one-third (age-
adjusted HR ¼ 2.25, 95% CI: 0.51, 9.82; P ¼ 0.283).

When cancer was classified according to histologic type,
smoking and H. pylori infection had an impact on the in-
testinal type of cancer (smoking: age-adjusted HR ¼ 2.31,
95% CI: 1.31, 4.05; P < 0.01; H pylori infection: age-
adjusted HR ¼ 2.38, 95% CI: 1.02, 5.57; P ¼ 0.045) but
not on the diffuse type (smoking: age-adjusted HR ¼ 1.28,
95% CI: 0.47, 3.45; P ¼ 0.63, H. pylori infection: age-
adjusted HR ¼ 1.36, 95% CI: 0.39, 4.79; P ¼ 0.63).

DISCUSSION

In a population-based prospective study of a male
Japanese cohort, we demonstrated a positive association
between cigarette smoking and the subsequent incidence of
gastric cancer. This association remained substantially un-
changed even after adjustment for H. pylori infection and
other confounding factors, namely, age, history of peptic
ulcer, family history of cancer, body mass index, diabetes,
total cholesterol, physical activity, alcohol intake, and

Table 1. Mean Values or Frequenciesa of Potential Risk Factors for

Gastric Cancer and Laboratory Variables at Baseline for Men in the

Hisayama Study, Japan, 1988

Risk Factor Mean Value or Frequency

Age, years 58 (12)

Cigarette smoking 49.7

Helicobacter pylori infection 76.9

History of peptic ulcer 23.1

Family history of cancer 9.8

Body mass index, kg/m2 22.9 (3.0)

Diabetes 15.3

Total cholesterol, mmol/L 5.10 (1.05)

Physically active group 12.4

Alcohol intake 61.7

Total energy intake, kcal/day 1,912 (451)

Protein intake, g/day 52.4 (9.6)

Carbohydrate intake, g/day 225 (36)

Salt intake, g/day 13.0 (4.6)

Vitamin A intake, mg/day 2,631 (1,066)

Vitamin B1 intake, mg/day 0.76 (0.39)

Vitamin B2 intake, mg/day 1.08 (0.31)

Vitamin C intake, mg/day 68.7 (30.8)

Fiber intake, g/day 9.6 (3.1)

a Values and frequencies are expressed as mean (standard

deviation) or percentage, respectively.

Table 2. Age-adjusted Incidence Rate (per 1,000 Person-Years) of

Gastric Cancer According to the Cigarette Smoking Status of Men in

the Hisayama Study, Japan, 1988–2002

No. of
Person-Years

No. of
Cases

Incidence
Rate

P
Valuea

Current nonsmoking 6,290 25 3.7

Never smoking 2,539 11 4.3

Former smoking 3,751 14 3.0

Current smoking 6,064 43 7.8 0.001

1–9 cigarettes/day 741 5 4.9 0.421

10–19 cigarettes/day 2,347 17 8.2 0.022

�20 cigarettes/day 2,976 21 7.8 0.001

a Compared with current nonsmoking.
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dietary factors. In the stratified analysis, the risk of gastric
cancer increased steeply for subjects who had both a smok-
ing habit and H. pylori infection. The PAF of gastric cancer
for cigarette smoking was approximately half as great as
that for H. pylori infection. To the best of our knowledge,
this prospective study is the first to investigate the combined
influence of cigarette smoking and H. pylori infection
on gastric cancer occurrence, taking into account other
comprehensive confounding factors.

Possible pathogenesis

Several plausible biologic mechanisms have been sug-
gested to explain the influence of cigarette smoking on the
development of gastric cancer. It is known that tobacco
smoke contains nitrosamines and other nitroso compounds
that have been implicated in the carcinogenesis of gastric

carcinoma (15). Smokers have also been shown to have
lower plasma levels of free radical scavengers such as as-
corbic acid and b-carotene (16) and to have high levels of
DNA adducts (17).

Association with H. pylori infection

In this cohort, the magnitude of the association between
cigarette smoking and gastric cancer did not change even
after adjustment for other confounding factors, including
H. pylori infection. This finding implies that H. pylori
may have a small confounding effect on the association
between cigarette smoking and gastric cancer. For our sub-
jects, the risk of gastric cancer was similar for those who had
only a smoking habit and those who had only H. pylori
infection (Table 4), suggesting that the magnitude of the
absolute impact of smoking on the development of gastric

Table 3. Age-adjusted and Multivariate-adjusted Hazard Ratios and 95% Confidence Intervals for Development of Gastric Cancer According to

Smoking Status and Helicobacter pylori Infection in Men in the Hisayama Study, Japan, 1988–2002

Population
at Risk, No.

No. of
Cases

Age Adjusted Multivariate Adjusted
PAF, % 95% CI

HR 95% CI P Value HR 95% CI P Value

Cigarette smoking

Current nonsmoking 539 25 1.00 1.00

1–9 cigarettes/day 69 5 1.48 0.57, 3.89 0.421 1.36a 0.50, 3.71 0.548

10–19 cigarettes/day 211 17 2.07 1.11, 3.85 0.022 1.93a 1.01, 3.67 0.046

�20 cigarettes/day 252 21 2.18 1.21, 3.92 0.001 1.88a 1.02, 3.43 0.042

P for trend 0.004 0.024

Overall current smoking 532 43 2.02 1.23, 3.32 0.006 1.82a 1.08, 3.05 0.024 28.4 1.2, 48.1

H. pylori infection

(�) 247 7 1.00 1.00

(þ) 823 61 2.61 1.19, 5.71 0.016 2.68b 1.21, 5.93 0.015 56.2 11.0, 78.5

Abbreviations: CI, confidence interval; HR, hazard ratio; PAF, population attributable fraction.
a Adjusted for age, H. pylori infection, history of peptic ulcer, family history of cancer, body mass index, diabetes, total cholesterol, physical

activity, alcohol intake, and dietary factors (intake of total energy, protein, carbohydrate, salt, vitamin A, vitamin B1, vitamin B2, vitamin C, and fiber).
b Adjusted for age, cigarette smoking, history of peptic ulcer, family history of cancer, body mass index, diabetes, total cholesterol, physical

activity, alcohol intake, and dietary factors (intake of total energy, protein, carbohydrate, salt, vitamin A, vitamin B1, vitamin B2, vitamin C, and fiber).

Table 4. Age-adjusted and Multivariate-adjusted Hazard Ratios and 95% Confidence Intervals for Development of Gastric Cancer According to

Cigarette Smoking and Helicobacter pylori Infection in Men in the Hisayama Study, Japan, 1988–2002

Population
at Risk, No.

No. of
Cases

Age Adjusted Multivariate Adjusted
PAF, % 95% CI

HR 95% CI P Value HR 95% CI P Value

Current smoking (�)
and H. pylori (�)

126 1 1.00 1.00

Current smoking (þ)
and H. pylori (�)

121 6 7.42 0.89, 61.72 0.06 5.82a 0.69, 49.13 0.11 7.3 �0.4, 14.5

Current smoking (�)
and H. pylori (þ)

412 24 7.42 1.00, 54.85 0.049 6.93a 0.93, 51.56 0.06 30.1 12.5, 44.3

Current smoking (þ)
and H. pylori (þ)

411 37 13.16 1.80, 95.95 0.01 11.41a 1.54, 84.67 0.02 49.6 30.8, 63.4

Abbreviations: CI, confidence interval; HR, hazard ratio; PAF, population attributable fraction.
a Adjusted for age, history of peptic ulcer, family history of cancer, body mass index, diabetes, total cholesterol, physical activity, alcohol intake,

and dietary factors (intake of total energy, protein, carbohydrate, salt, vitamin A, vitamin B1, vitamin B2, vitamin C, and fiber).
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cancer is comparable to that of H. pylori infection. The
combination of cigarette smoking and H. pylori infection
increased the risk of gastric cancer more than smoking alone

orH. pylori infection alone, leading to an 11-fold increase in
the risk of gastric cancer, which reveals a synergistic asso-
ciation between cigarette smoking and H. pylori infection.
This finding is in accordance with the those of previously
reported case-control studies (18, 19).

Population attributable fraction

If causality is assumed, the PAF for cigarette smoking
was 28.4% for our male subjects, which is larger than that
estimated by most other studies. A meta-analysis estimated
that the proportion of cases of gastric cancer attributable to
cigarette smoking is 11% for men in developing countries
and 17% in developed countries (20). Other epidemiologic
studies have reported the PAF of gastric cancer for smoking
to be 20% for men and women in a Polish population (21)
and 21.5% for men in a European population (22), while
it was similar to ours in a US male population (28%) (23).
Since the PAF is a function of the frequency of cigarette
smoking and its hazard ratio for gastric cancer, one of the
reasons for this difference is considered to be the higher
frequency of cigarette smoking by our subjects (49.7%)
compared with other populations (13%–32%), although
the strength of the association was moderate (adjusted
HR ¼ 1.82).

Figure 1. Estimated population attributable fractions of gastric can-
cer incidence for cigarette smoking andHelicobacter pylori infection in
men, the Hisayama Study, Japan, 1998–2002. The white portion of
the circle refers to risk factors other than cigarette smoking and
H. pylori infection.

Table 5. Age-adjusted Hazard Ratios and 95% Confidence Intervals for Gastric Cancer

Incidence by Cigarette Smoking and Helicobacter pylori Infection Status According to Cancer

Location and Histology in Men in the Hisayama Study, Japan, 1988–2002

Characteristic
Population
at Risk, No.

No. of
Cases

HR 95% CI P Value

Cancer location

Proximal one-third

Current smoking (�) 539 5 1.00

Current smoking (þ) 532 12 2.81 0.98, 8.03 0.054

H. pylori (�) 247 2 1.00

H. pylori (þ) 823 15 2.25 0.51, 9.82 0.283

Distal two-thirds

Current smoking (�) 539 21 1.00

Current smoking (þ) 532 33 1.83 1.06, 3.18 0.032

H. pylori (�) 247 5 1.00

H. pylori (þ) 823 49 2.94 1.17, 7.37 0.022

Cancer histology

Intestinal type

Current smoking (�) 539 19 1.00

Current smoking (þ) 532 35 2.31 1.31, 4.05 0.004

H. pylori (�) 247 6 1.00

H. pylori (þ) 823 48 2.38 1.02, 5.57 0.045

Diffuse type

Current smoking (�) 539 7 1.00

Current smoking (þ) 532 9 1.28 0.47, 3.45 0.629

H. pylori (�) 247 3 1.00

H. pylori (þ) 823 13 1.36 0.39, 4.79 0.629

Abbreviations: CI, confidence interval; HR, hazard ratio.
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In our study, the PAF of gastric cancer for H. pylori
infection was 56.2%, which was lower than that in other
studies: in a meta-analysis, the PAF of gastric noncardia
cancer for H. pylori infection was estimated to be 65% in
developed countries and 80% in developing countries (3).
The prevalence of H. pylori infection in our study (76.9%)
was higher than that in developed countries (35% on aver-
age) but was almost the same as that reported for other
locations in Japan (70%–80%) (24) and developing coun-
tries (85% on average). Thus, the lower PAF for H. pylori
infection for our subjects seems to have been caused by the
relatively low strength of the association between H. pylori
infection and gastric cancer (adjusted HR¼ 2.68). The latter
was attributed to the fact that our gastric cancer cases in-
cluded not only noncardia cancers but also cardia cancers,
which are not susceptible to H. pylori infection.

For the men in our study, the PAFs of gastric cancer for
cigarette smoking alone and H. pylori infection alone were
7.3% and 30.1%, respectively, and the PAF for overlap of
both factors was 49.6% (Figure 1). When their independent
and joint influences on gastric cancer are taken into account,
the impact is large (sum of PAFs, 87.0%), and a large part is
due to their cooccurrence. This finding suggests that com-
bination of these 2 factors accounts for almost all of the
population burden of gastric cancer in Japanese men.

Anatomic subsite of gastric cancer

For our subjects, the hazard ratio of cigarette smoking
was high for both the proximal one-third and distal two-
thirds of the stomach, although it did not reach the level
of statistical significance for the proximal one-third of the
stomach, probably because of the small number of cancer
cases. Several prospective and case-control studies have
also demonstrated a significant association between smok-
ing and both anatomic subsites of gastric cancer (22, 25, 26).
Thus, it is likely that the influence of smoking on gastric
cancer is homogenous across the anatomic subsites of the
stomach. On the other hand, the influence of H. pylori in-
fection on development of gastric cancer in our male cohort
was significant for the distal two-thirds of the stomach
whereas it was not significant for the proximal one-third
of the stomach, which is in line with the findings of previous
studies (3).

Histologic type of gastric cancer

With regard to the histology of gastric cancer, cigarette
smoking and H. pylori infection were found to be more
associated with the risk of intestinal-type than diffuse-type
cancer. Cigarette smoking andH. pylori infection are known
to cause precancerous lesions such as intestinal metaplasia
(27, 28). It is generally accepted that intestinal-type cancer
arises through a multistep process that originates with
chronic gastritis and progresses through stages of atrophy,
intestinal metaplasia, and dysplasia, finally resulting in car-
cinoma (28). It is therefore reasonable to conclude that
smoking and H. pylori infection are closely associated with
intestinal-type cancer. Our finding is in accordance with that
of a case-control study by Inoue et al. (29) and supports the

hypothesis that the intestinal type of gastric cancer is more
closely related to environmental than to genetic factors
(30). In contrast, diffuse-type gastric cancer is postulated
to be more genetically predetermined and less associated
with environmental factors, such as cigarette smoking and
H. pylori infection (31).

Limitations

Some limitations of this study merit discussion. First, re-
garding screening for gastric cancer, we did not perform
endoscopy on all subjects. It is undeniable that there were
presymptomatic gastric cancer patients at baseline. How-
ever, after exclusion of those subjects who developed gastric
cancer in the initial 2 years of the follow-up period, the
magnitude of the major results did not change (data not
shown). Thus, the influence of occult cases of gastric cancer
is considered to be so small that they can be neglected.
Second, we cannot rule out the possibility that smoking
status was misclassified or that smoking behavior was mod-
ified during the follow-up period. However, such inaccura-
cies would lead to underestimation of the risk associated
with cigarette smoking, suggesting that the true association
may be even greater than that reflected in our findings.
Third, it has been speculated that the influence of H. pylori
infection on gastric cancer is underestimated; H. pylori is
thought to disappear from the stomach after extensive gas-
tric atrophy, which is considered a precursor of gastric can-
cer (32). Thus, the actual impact of H. pylori infection on
the development of gastric cancer is probably greater than
estimated in this study.

Conclusions

This population-based prospective cohort study is the first
known to investigate the relation between cigarette smoking
and gastric cancer, with consideration of H. pylori infection.
The risk of gastric cancer was found to be highest for sub-
jects who had both a smoking habit and H. pylori infection.
It is recommended that members of this high-risk group quit
smoking and undergo regular gastrointestinal examination,
especially in countries such as Japan, where the rates of
cigarette smoking and H. pylori infection and the risk of
gastric cancer are considerable.
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