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Abstract

Objective We conducted a systematic review of studies

addressing the relation between cigarette smoking and

gastric cancer to estimate the magnitude of the association

for different levels of exposure and cancer locations.

Methods Published cohort, case–cohort, and nested case–

control studies were identified through PubMed, Scopus,

and Web of Science searches, from inception to July 2007.

Relative risk (RR) estimates referring to the comparison of

two categories of exposure (e.g., current smokers vs. never

smokers) were combined using a random effects model.

Generalized least squares regression was used for trend

estimation. Heterogeneity was quantified using the I2

statistic.

Results Forty-two articles were considered for the sys-

tematic review. Comparing current smokers with never

smokers: the summary RR estimates were 1.62 in males

(95% CI: 1.50–1.75; I2 = 46.0%; 18 studies) and 1.20 in

females (95% CI: 1.01–1.43; I2 = 49.8%; nine studies); the

RR increased from 1.3 for the lowest consumptions to 1.7 for

the smoking of approximately 30 cigarettes per day in the

trend estimation analysis; smoking was significantly asso-

ciated with both cardia (RR = 1.87; 95% CI: 1.31–2.67;

I2 = 73.2%; nine studies) and non-cardia (RR = 1.60; 95%

CI: 1.41–1.80; I2 = 18.9%; nine studies) cancers.

Conclusion Our study provides solid evidence to classify

smoking as the most important behavioral risk factor for

gastric cancer.

Keywords Stomach neoplasms � Smoking �
Meta-analysis � Cohort studies

Introduction

Tobacco smoking was recently included in the list

of environmental factors that increase the risk of

gastric cancer [1, 2], after low fruit and vegetables

intake, high salt consumption [3, 4] and H. pylori

infection [5].

A meta-analysis was published in 1997 [1], showing a

44% increase in the risk of gastric cancer among ever

smokers compared to never smokers. The association was

stronger in males and the summary RR weighted on the

inverse of the variance from three cohort studies was 2.55,

compared to 1.34 from 17 case–control studies. In the last

decade, a large number of cohort, case–cohort, and nested

case–control analyses became available, allowing a more

accurate quantification of the association between smoking

and gastric cancer and, in some cases, according to cancer

location and histological type. A systematic review and

meta-analysis published in 2006 [6] showed a significant

79% and 22% increased risk of gastric cancer in male and

female smokers, respectively, but it only included 10

cohort studies conducted in Japanese populations. The

evidence for a dose–response relationship has not been

systematically explored and quantified [1, 6], and the role

of tobacco consumption in the occurrence of stomach

cancers of distinct topographic and histological subtypes

remains unclear.
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To update the previous meta-analyses, we conducted a

systematic review of cohort studies addressing the relation

between cigarette smoking and gastric cancer, including a

larger number of studies and estimating the magnitude of

the association for different levels of exposure and cancer

locations.

Methods

Literature search and selection of studies

for the systematic review

Published cohort, case–cohort, and nested case–control

studies presenting results on the association between

smoking and gastric cancer were identified through Pub-

Med (http://www.ncbi.nlm.nih.gov/entrez/), Scopus (http://

www.scopus.com), and Web of Science� (http://portal.

isiknowledge.com) searches, from inception to July 2007,

under the expression [(smoke OR smoking OR nicotine OR

tobacco OR lifestyle OR lifestyles OR cigarette OR diet

OR alcohol) AND (gastric cancer OR stomach cancer OR

cardia cancer)]. Articles in English, French, Italian, Span-

ish or Portuguese, published as a full paper or letter to the

editor, were considered in the review.

Two researchers from each of two independent groups

of reviewers (group 1: RLL, TPT, RSP; group 2: AKP, AN,

IP) independently screened the list of references (full

articles were retrieved for further analysis whenever nec-

essary) to exclude reports not referring to cohort

investigations or not assessing the association between

cigarette smoking and gastric cancer. In the systematic

review, we included all the studies evaluating the associ-

ation between cigarette smoking (all measures of exposure

were considered), and gastric cancer occurrence or mor-

tality (all cancer locations and histological types were

considered). Within each group, the disagreements

between the reviewers were discussed with a third reviewer

from the same group and resolved by consensus. Dis-

agreements between the two groups of reviewers were

discussed with a third researcher (NL) and resolved by

consensus.

Additionally, the reference lists provided by the papers

previously identified and in the two meta-analyses pub-

lished in English [1, 6] addressing the association between

smoking and gastric cancer were screened using the same

criteria and methodology.

Data extraction

Articles included in the systematic review were

reviewed independently by two researchers from each

of the two independent groups of reviewers and data

were extracted using a predefined questionnaire form.

Discrepancies in the evaluation of the articles were

resolved following the same method used in the

screening of reference lists.

Each study was characterized according to: year of

publication; country of origin and population evaluated;

length of follow-up (when the mean or median follow-up

time was not available, we present the midpoint of the

follow-up period); number, age and gender of the partici-

pants; outcome (incidence of gastric cancer or mortality);

number of cancer cases or deaths, number of non-cases

(when cumulative incidence ratios were presented), num-

ber of person-years at risk (when incidence rate ratios were

presented), number of controls (in nested case–control or

case–cohort analyses); control for confounding; RR esti-

mates (as provided in the original articles or computed for

this review with the available information) for the associ-

ation between different measures of smoking exposure

(current smoking status, frequency of consumption, or

other measures, whenever available) and gastric cancer

with different locations or histological types (regardless of

the cancer locations and histological type, and specifically

for each location and histological type, whenever

available).

Only data regarding cigarette smoking or ‘‘smoking’’

not further specified (assumed to represent mostly cigarette

consumption), were extracted and analyzed.

When studies had results published for different follow-

up times, only the articles referring to the analyses of data

with the longest follow-up are described and used in meta-

analysis, except when the necessary data regarding risk

estimates or respective precision was available only on the

studies reporting results for a shorter follow-up.

When a study provided risk estimates with different

degrees of adjustment for confounders, the one adjusted for

the largest number of possible confounding variables was

selected. Sex-specific RR estimates were extracted when-

ever available.

Meta-analysis

Meta-analyses were conducted to obtain summary RR

estimates for the association between cigarette smoking

and gastric cancer considering different exposures, as fol-

lows: (1) current smokers vs. never smokers; (2) current

smokers, highest category of exposure vs. never smokers;

(3) current smokers, category closest to 20 cigarettes per

day vs. never smokers; (4) former smokers vs. never

smokers; (5) trend estimation. The summary RR estimates

for current smokers vs. never smokers was also estimated

for cardia and non-cardia cancers.
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Relative risks (RRs) (cumulative incidence ratios or

incidence density ratios), hazard ratios, and odds ratios

were treated the same and are referred to as RRs.

When sex-specific estimates were available, they were

considered separately as if obtained from different studies.

Each category of current cigarette consumption was

assumed to correspond to an exposure equal to the mid-

point of the respective category range. For this purpose, we

assumed that the open-ended upper category had the

amplitude of the preceding stratum. This information was

used for trend estimation and to identify the category

corresponding to the exposure closest to 20 cigarettes per

day. If the midpoint of two categories was equally distant

from 20, we opted for the one with a larger number of

gastric cancer cases or deaths.

When both gastric cancer incidence and mortality data

was provided, preference was given to incidence, unless

the necessary information was available only for mortality

data.

For the purpose of analysis, results referring to ‘‘cardia’’,

‘‘upper third’’ or ‘‘proximal’’ stomach cancers were taken

as equivalent to cancer of the gastric cardia, and ‘‘distal’’

stomach cancers were taken as equivalent to cancers not

located in the cardia. When site-specific results were pre-

sented only according to the tumor histological type we

opted for the results referring to the cancer of the intestinal

type (more frequent than those of the diffuse type).

Studies that did not provide information for all cancer

locations together were only included in the analysis for

cardia and non-cardia cancers. Data referring to the distal

stomach were also used for trend estimation, and to com-

pute summary estimates for the highest and for the

category of exposure closest to 20 cigarettes, due to the

smaller number of studies available for these analyses,

because distal cancers represent most of the gastric tumors.

If non-cardia cancer were divided in body and antrum

cancer, only antrum cancer was considered for analysis,

under the assumption that it represents most of the non-

cardia cancers.

Only studies presenting risk estimates considering

‘‘never smokers’’ or ‘‘never regular smokers’’ as the ref-

erence category were considered for the meta-analyses.

We used two different approaches to obtain summary

RR estimates: (1) RR estimates referring to the comparison

of two categories of exposure (current smokers vs. never

smokers; former smokers vs. never smokers; current

smokers, highest category of exposure vs. never smokers;

current smokers, category closest to 20 cigarettes per day

vs. never smokers) were combined using a random effects

model, regardless of the homogeneity of effects across

studies; (2) generalized least squares regression was used

for trend estimation according to the method proposed by

Greenland and Longnecker [7], considering both linear and

non-linear relationships between smoking and gastric

cancer. The latter can be used in studies presenting risk

estimates for three or more categories of exposure, and

reporting, for each level of exposure, the amount of ciga-

rettes smoked, the RRs and respective variances, the

number of cases and the number of controls for nested

case–control data, or the number of cases for incidence–

rate data, or the number of cases and non-cases for

cumulative incidence data.

Heterogeneity was quantified using the I2 statistic [8],

and both stratified and meta-regression analyses consider-

ing the study characteristics (region, outcome, duration of

follow-up, and adjustment for confounding) were used to

explore heterogeneity.

Sensitivity analyses were conducted considering broader

inclusion criteria for the meta-analyses (e.g., including

studies in which the reference class includes former

smokers or current smokers, and if the different categories

of consumption include both current and former smokers;

assuming the category of exposure with a higher number of

subjects as equivalent to the group of ‘‘current smokers’’;

including in the analysis the risk estimates for distal

stomach when the studies did not provide information for

all cancer locations together). The dose–response rela-

tionship was also estimated using a weighted least squares

regression, for trend estimation without correction for

covariance of RRs, allowing the inclusion of a larger

number of studies (the only information required from each

category is the level of exposure, the respective RRs and

their variances).

Publication bias was examined through funnel plot

visual analysis, the Begg adjusted rank correlation test [9],

and the Egger’s regression asymmetry test [10]. The

analysis was conducted separately in studies performed in

males and females (since different RR estimates are

expected to differ with gender [1, 6]) and using RR esti-

mates for current vs. never smokers. A 0.1 level of

significance was used in the statistical tests to improve

sensitivity of detecting publication bias.

All statistical analyses were conducted with STATA�,

version 9.2. All tests of statistical significance are two

sided.

Results

The electronic database search yielded 3,550 articles,

published from 1958 to July 2007, from which 44 were

considered eligible for the systematic review. The screen-

ing of reference lists yielded 10 additional reports. Twenty

articles [11–30] were multiple publications of eight studies

and only those [17–21, 24, 26, 30] referring to the longest

follow-up periods and with more data available are
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presented. Therefore, 42 articles were considered for the

systematic review.

Ten articles were excluded from the meta-analyses

because did not provide RRs referring to the exposures

eligible for meta-analysis [31–34], or its precision esti-

mates [21, 35–39]. Thus, 32 studies (27 cohort and five

nested case–control) were included in at least one of the

meta-analyses (Fig. 1).

From the 42 articles included in the systematic review,

20 were from Asian countries [17, 18, 20, 26, 30, 32, 33,

37, 40–51], 12 from Europe [21, 34, 38, 52–60], and 10

from the United States [19, 24, 31, 35, 36, 39, 61–64].

Among the latter, two were conducted in participants of

Asian origin [19, 63]. Concerning the outcome, 24 studies

evaluated incident cases of gastric cancer [17–19, 30,

32–34, 37, 39, 41, 43–46, 52–57, 59–61, 63] and 18

evaluated gastric cancer deaths [20, 21, 24, 26, 31, 35, 36,

38, 40, 42, 47–51, 58, 62, 64]. Nine [17, 30, 43, 44, 52–54,

60, 61] studies presented results for specific anatomical

locations, and two [43, 44] addressed the risk of gastric

cancer of different histological subtypes. Regarding con-

founding control, 31 studies [17–21, 26, 30, 34–44, 46–49,

51, 53, 55, 56, 58, 61–64] provided results adjusted for age,

and 11 [34, 41–43, 46, 51, 52, 54, 61–63] for socioeco-

nomic status (using information on educational level or

type of health insurance). The mean follow-up time was

8.5 years (range: 1.5-25 years).

Current smokers vs. never smokers (all stomach

cancers)

For current smokers compared to never smokers, when all

stomach cancers were considered, the summary RR was

1.53 (95% CI: 1.42–1.65; I2 = 57.6%; 32 estimates from

23 studies). The sex specific summary RRs were 1.62 (95%

CI: 1.50–1.75; I2 = 46.0%; 18 studies) for males and 1.20

(95% CI: 1.01–1.43; I2 = 49.8%; nine studies) for females

(Fig. 2).

Among males, I2 was 0% among studies in which the

potential confounding effect of fruit and vegetables was

controlled in analysis (RRsummary = 1.95; 95% CI: 1.68–

2.25; five studies), and close to 20% in those conducted in

Asian populations (RRsummary = 1.57; 95% CI: 1.47–1.68;

12 studies) (Table 1). In a meta-regression analysis

including the variables sex (males, females or males and

females), population (Asian, European or American), and

adjustment for the confounding effect of fruit or vegeta-

bles, the s2 estimate was brought to 0. The summary RR

estimates are independently associated with the partici-

pants’ sex, being lower in females compared with males

(coefficient = -0.32, p \ 0.001) but similar for studies

evaluating males and females together compared to males

alone (coefficient = 0.02, p = 0.740), and with the

adjustments for fruit and vegetables consumption, with

higher estimates in studies controlling this confounding

3550 references identified 
through Pubmed, Scopus and 

Web of Science searches (after
exclusion of duplicates)

3506 articles were excluded because:

- Not cohort, nested case -control or case -
cohort study

-Did not consider cigarette smoking as an 
exposure variable or gastric cancer incidence 
or mortality as the outcome

-Did not convey information on the association 
between cigarette smoking and gastric cancer

10 new relevant articles identified from the 
reference lists of articles selected for
systematic review

44 articles eligible for the 
systematic review

32 articles included at least in 
one meta-analysis

All stomach cancers Cardia cancer

Dose-response relationship

12 studies/13 estimates *

54 articles eligible for the 
systematic review

42 articles included in the 
systematic review

12 articles excluded because were duplicate 
publications of the same studies

10 articles excluded because:

- Did not convey precision estimates or the 
information necessary for its calculation

- Did not present risk estimates referring to the 
exposures eligible for meta -analysis

Current vs.

Never smokers

9 studies/9 estimates *

Former vs. 

Never smokers

22 studies/30 estimates*

Current (category 
closest to 20 cig/day) 
vs. Never smokers

21 studies/24
estimates*

Current (highest 
category of exposure) 

vs. Never smokers

22 studies/25 
estimates*

Current vs.

Never smokers

8 studies/9 estimates *

Non-cardia cancer

Current vs. 

Never smokers

23 studies/32 estimates*

Fig. 1 Systematic review flow-chart. * The number of studies may be smaller than the number of RR estimates because several studies present

RR estimates separately for males and females
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effect (coefficient = 0.28, p \ 0.001). No significant dif-

ferences were observed according to the origin of the

population evaluated (Europe vs. Asia: coefficient = 0.09,

p = 0.244; America vs. Asia: coefficient = -0.01,

p = 0.816).

Current smokers (category closest to 20 cigarettes

per day) vs. never smokers (all stomach cancers)

Compared to never smokers, the consumers of approxi-

mately 20 cigarettes per day had an increased risk of gastric

cancer (RRsummary = 1.53, 95% CI: 1.41–1.67; I2 = 46.1%;

24 estimates from 21 studies), more pronounced in males

(RRsummary = 1.59, 95% CI: 1.43–1.77; I2 = 49.6%; 14

studies) than in females (RRsummary = 1.28, 95% CI: 1.11–

1.47; I2 = 0%; four studies) (Fig. 3).

In studies conducted in males, the stratification accord-

ing to adjustment for the consumption of fruit and/or

vegetables yielded two homogeneous groups of studies,

with higher RRs observed in the three studies in which

adjustments were performed (RRsummary = 1.48, 95%

CI: 1.41–1.55; I2 = 0% vs. RRsummary = 2.20, 95% CI:

1.83–2.64; I2 = 0%) (Table 1).

Current smokers (highest category of exposure) vs.

never smokers (all stomach cancers)

The overall summary RR estimate for current smokers in

the highest categories of consumption compared to never

smokers was 1.66 (95% CI: 1.46–1.88; I2 = 41.8%; 25

estimates from 22 studies). The summary estimates were

1.60 (95% CI: 1.32–1.96; I2 = 0%) for seven studies

 Relative Risk

 .5  1  2  5

Study
 Relative Risk
 (95% CI)

Males and Females (MF)
 Siman, 2001 (MF) [55]   1.85 ( 0.85, 4.01)
 Lindblad, 2005 (MF) [53]   1.70 ( 1.42, 2.03)
 Sauvaget, 2005 (MF) [41]   1.50 ( 1.28, 1.76)
 Kurosawa, 2006 (MF) [40]   2.16 ( 1.04, 4.50)
 Sjodahl, 2007 (MF) [52]   1.80 ( 1.27, 2.55)

Subtotal   1.62 ( 1.45, 1.81)

Males (M)
 Akiba, 1990 (M) [48]   1.50 ( 1.35, 1.66)
 McLaughlin, 1990 (M) [24]   1.40 ( 1.22, 1.60)
 Kneller, 1991 (M) [64]   2.60 ( 1.15, 5.87)
 Kato, 1992 (M) [47]   2.58 ( 1.09, 6.10)
 Tverdal, 1993 (M) [58]   3.01 ( 1.42, 6.38)
 Nomura, 1995 (M) [19]   2.30 ( 1.68, 3.16)
 Engeland, 1996 (M) [57]   1.30 ( 0.89, 1.89)
 Galanis, 1998 (M) [63]   1.10 ( 0.60, 2.01)
 Mizoue, 2000 (M) [26]   2.20 ( 0.82, 5.87)
 Chao, 2002 (M) [62]   2.16 ( 1.75, 2.67)
 Sasazuki, 2002 (M) [44]   1.70 ( 1.20, 2.40)
 Gonzalez, 2003 (M) [54]   1.73 ( 1.06, 2.83)
 Jee, 2004 (M) [50]   1.60 ( 1.45, 1.76)
 Koizumi, 2004 (M1) [43]   1.91 ( 1.31, 2.79)
 Koizumi, 2004 (M2) [43]   1.76 ( 1.17, 2.65)
 Wen, 2004 (M) [20]   1.68 ( 1.16, 2.43)
 Fujino, 2005 (M) [42]   1.33 ( 1.04, 1.70)
 Sung, 2007 (M) [30]   1.50 ( 1.40, 1.60)

Subtotal   1.62 ( 1.50, 1.75)

Females (F)
 Akiba, 1990 (F) [48]   1.20 ( 1.01, 1.42)
 Kato, 1992 (F) [47]   1.69 ( 0.39, 7.32)
 Tverdal, 1993 (F) [58]   0.63 ( 0.22, 1.81)
 Engeland, 1996 (F) [57]   1.30 ( 0.89, 1.89)
 Nordlund, 1997 (F) [56]   1.25 ( 0.84, 1.86)
 Chao, 2002 (F) [62]   1.49 ( 1.18, 1.88)
 Gonzalez, 2003 (F) [54]   1.87 ( 1.12, 3.12)
 Jee, 2004 (F) [50]   0.90 ( 0.72, 1.13)
 Fujino, 2005 (F) [42]   0.77 ( 0.39, 1.51)

Subtotal   1.20 ( 1.01, 1.43)

Overall   1.53 ( 1.42, 1.65)

Fig. 2 Meta-analyses of cohort studies evaluating the association between cigarette smoking and gastric cancer (current vs. never smokers).

M1: Males, study 1 (this article includes results from two studies); M2: males, study 2 (this article includes results from two studies)

Cancer Causes Control (2008) 19:689–701 693

123



presenting results for males and females together. Con-

sidering the gender-specific estimates, the summary RRs

were, respectively, 1.76 (95% CI: 1.49–2.08; I2 = 49.2%,

14 studies) and 1.27 (95% CI: 0.70–2.31; I2 = 63.7%, four

studies) for males and females.

Former smokers vs. never smokers (all stomach

cancers)

Considering never smokers as the reference category, male

former smokers had a significantly increased risk of gastric

cancer (RRsummary = 1.34, 95% CI: 1.22–1.47;

I2 = 35.8%; 16 studies), but no significant differences

were observed in females (RRsummary = 1.16, 95% CI:

0.92–1.46; I2 = 29.9%; eight studies) (Fig. 4).

Among males, heterogeneity was very low among the

studies having incidence as the outcome (RRsummary = 1.32,

95% CI: 1.21–1.45; I2 = 0%), conducted in Asian

(RRsummary = 1.36, 95% CI: 1.27–1.46; I2 = 0%) or Euro-

pean (RRsummary = 1.20, 95% CI: 0.90–1.61; I2 = 0%)

populations, or providing RR estimates adjusted for fruit

and/or vegetables consumption (RRsummary = 1.55, 95% CI:

1.34–1.79; I2 = 0%). Both the studies with mean/median

follow-up time below 10 years (RRsummary = 1.39, 95%

CI: 1.30–1.49; I2 = 3.1%) and 10 or more years

(RRsummary = 1.09, 95% CI: 0.95–1.25; I2 = 0%) were

homogeneous in their results, but in the latter there was a small

and non statistically significant increase in the risk among the

former smokers. Stratification according to the year of pub-

lication also yielded more homogeneous groups (Table 1).

Trend estimation (all stomach cancers)

The regression models including the number of cigarettes

consumed per day (continuous) alone or also including, one at

the time, the variables sex of the participants (males, females

or males and females), study outcome (incidence, mortality),

population origin (Asian, European or American), duration of

follow-up (\10 years, C10 years), or confounding control

(socioeconomic status, fruit/vegetables) showed a statistically

significant association between the dose and the occurrence of

gastric cancer, but heterogeneity was substantial (I2 & 75%).

In the model including the number of cigarettes and year of

publication (\1998, C1998), heterogeneity was moderate

(I2 = 30.7%). The above variables were then added to the

latter model, one at the time, to achieve a better explanation of

heterogeneity, including the variables significantly associated

with the RR at a p \ 0.10 level.

The model with the lowest heterogeneity (I2 = 14.0%)

included the number of cigarettes consumed per day

Table 1 Association between cigarette smoking and gastric cancer in males (meta-analyses of cohort studies)

Current vs. never smokers Current (category closest to 20 cigarettes/day)

vs. never smokers

Former vs. never smokers

Studies RRsummary (95% CI) I2 (%) Studies RRsummary (95% CI) I2 (%) Studies RRsummary (95% CI) I2 (%)

All studies 18 1.62 (1.50–1.75) 46.0 14 1.59 (1.43-1.77) 49.6 16 1.34 (1.22–1.47) 35.8

Outcome

Incidence 8 1.64 (1.43–1.88) 36.0 6 1.54 (1.26–1.87) 55.3 8 1.32 (1.21–1.45) 0

Mortality 10 1.63 (1.45–1.82) 55.8 10 1.67 (1.41–1.97) 58.2 8 1.35 (1.14–1.59) 58.0

Population

Asian 12 1.57 (1.47–1.68) 22.8 10 1.52 (1.40–1.64) 21.0 10 1.36 (1.27–1.46) 0

European 3 1.72 (1.13–2.61) 50.0 1 2.71 (1.21–6.06) – 3 1.20 (0.90–1.61) 0

American 3 1.84 (1.25–2.70) 84.4 3 1.85 (1.11–3.10) 86.1 3 1.37 (0.93–2.00) 83.6

Follow-up (years)

\10 12 1.60 (1.49–1.73) 33.9 11 1.62 (1.43–1.82) 58.2 10 1.39 (1.30–1.49) 3.1

C10 6 1.69 (1.28–2.23) 65.8 3 1.65 (1.08–2.52) 37.2 6 1.09 (0.95–1.25) 0

Confounding control (SES)

No 11 1.60 (1.46–1.76) 41.6 9 1.47 (1.32–1.64) 21.9 10 1.30 (1.15–1.46) 41.9

Yes 7 1.64 (1.39–1.93) 57.2 5 1.81 (1.42–2.30) 74.8 6 1.42 (1.21–1.67) 19.5

Confounding control (fruits and/or vegetables)

No 13 1.54 (1.43–1.66) 37.9 11 1.48 (1.41–1.55) 0 11 1.27 (1.14–1.40) 33.6

Yes 5 1.95 (1.68–2.25) 0 3 2.20 (1.83–2.64) 0 5 1.55 (1.34–1.79) 0

Publication year

\1998 7 1.67 (1.40–1.98) 60.1 5 1.42 (1.24–1.64) 36.4 6 1.18 (0.96–1.44) 21.9

C1998 11 1.62 (1.48–1.78) 37.7 9 1.74 (1.47–2.07) 59.8 10 1.38 (1.29–1.48) 1.3

RR, Relative risk; 95% CI, 95% confidence interval; SES, socioeconomic status (educational level or type of health insurance)
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(b = 0.00237, p = 0.252), sex (females vs. males: b =

-0.59396, p = 0.083; males and females vs. males: b =

-0.01045, p = 0.893), population origin (European vs.

Asian: b = 0.29302, p = 0.076; American vs. Asian:

b = 0.97569, p = 0.025), adjustment for fruit or vegeta-

bles consumption (b = 0.21393, p = 0.030), and year of

publication (C1998 vs. \1998: b = 0.36146, p \ 0.001).

When the square of the number of cigarettes consumed per

day was added to the previous model, no substantial

improvement in the homogeneity was observed

(I2 = 11.3%) and no statistical significance was achieved

by neither the number of cigarettes consumed

(b = 0.01122, p \ 0.076) nor its square (b = -0.00020,

p \ 0.138).

Current smokers vs. never smokers (cardia and

non-cardia cancers)

Comparing current smokers with never smokers, both cardia

(RRsummary = 1.87, 95% CI: 1.31–2.67; I2 = 73.2%;

nine estimates from nine studies) and non-cardia (RRsummary =

1.60, 95% CI: 1.41–1.80; I2 = 18.9%; nine estimates from nine

studies) gastric cancers were significantly associated with

smoking, despite the substantial heterogeneity observed for

cardia cancer (Fig. 5).

Only two studies [54, 61] provided a clear definition of

cardia cancer (ICD: C16.0), yielding a combined RR esti-

mate of 3.14 (95% CI: 2.04–4.83; I2 = 0%) for current

smokers vs. never smokers, males and females together.

Current smokers vs. never smokers (cancers

of the intestinal and diffuse histological type)

Two studies [43, 44] presented RR estimates for the

association between smoking and stomach cancers of the

intestinal and diffuse histological types, in males. The RRs

were 1.61 (95% CI: 1.11–2.32) and 2.1 (95% CI: 1.2–3.6)

for the cancer of the intestinal type, and 0.6 (95% CI:

0.3–1.1) and 2.1 (95% CI: 1.08–4.08) for the cancer of the

diffuse type.

 Relative Risk

 .5  1  2  5

 Study
 Relative Risk
 (95% CI)

 Males and Females (MF)
 Inoue, 1996 (MF) [18]   0.66 ( 0.20, 2.18)
 Siman, 2001 (MF) [55]   2.10 ( 0.99, 4.45)
 Gonzalez, 2003 (MF) [54]   2.39 ( 1.56, 3.67)
 Sauvaget, 2005 (MF) [41]   1.44 ( 1.19, 1.74)
 Freedman, 2007 (MF) [61]   1.37 ( 0.96, 1.96)
 Sjodahl, 2007 (MF) [52]   1.73 ( 1.17, 2.55)

 Subtotal   1.60 ( 1.30, 1.98)

 Males (M)
 Akiba, 1990 (M) [48]   1.50 ( 1.36, 1.65)
 McLaughlin, 1990 (M) [24]   1.36 ( 1.16, 1.59)
 Kneller, 1991 (M) [64]   2.00 ( 0.72, 5.55)
 Tverdal, 1993 (M) [58]   2.71 ( 1.21, 6.06)
 Murata, 1996 (M) [45]   1.08 ( 0.75, 1.56)
 Mizoue, 2000 (M) [26]   2.20 ( 0.80, 6.02)
 Chao, 2002 (M) [62]   2.51 ( 1.90, 3.31)
 Ho, 2002 (M) [51]   2.69 ( 1.09, 6.63)
 Sasazuki, 2002 (M) [44]   2.00 ( 1.37, 2.93)
 Koizumi, 2004 (M1+M2) [43]   1.98 ( 1.45, 2.71)
 Wen, 2004 (M) [20]   1.54 ( 1.00, 2.37)
 Fujino, 2005 (M) [42]   1.40 ( 1.08, 1.82)
 Tran, 2005 (M) [17]   1.17 ( 0.65, 2.11)
 Sung, 2007 (M) [30]   1.50 ( 1.40, 1.60)

 Subtotal   1.59 ( 1.43, 1.77)

 Females (F)
 Akiba, 1990 (F) [48]   1.30 ( 1.11, 1.52)
 Nordlund, 1997 (F) [56]   1.17 ( 0.59, 2.32)
 Chao, 2002 (F) [62]   1.25 ( 0.84, 1.86)
 Fujino, 2005 (F) [42]   0.74 ( 0.24, 2.29)

 Subtotal   1.28 ( 1.11, 1.47)

 Overall   1.53 ( 1.41, 1.67)

Fig. 3 Meta-analyses of cohort studies evaluating the association

between cigarette smoking and gastric cancer (current smokers,

category closest to 20 cigarettes per day vs. never smokers).

M1 + M2: males, pooled analysis of both studies (this article

includes results from two studies)
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Sensitivity analysis

Relaxing the inclusion criteria to accommodate the studies

otherwise not considered in the analyses, as described in the

Methods section, the summary RR estimates and the magni-

tude of heterogeneity not explained by random variation were

similar to the observed when using the original criteria.

Twelve additional studies [17, 18, 32–34, 37, 45, 46, 49, 51,

59, 61] were available for the analysis of current vs. never

smokers (RRsummary = 1.54, 95% CI: 1.44–1.65;

I2 = 54.9%; 44 estimates from 35 studies). RR estimates from

two studies [49, 63] were added to the comparison of consumers

of approximately 20 cigarettes per day vs. never smokers

(RRsummary = 1.53, 95% CI: 1.41–1.66; I2 = 43.4%; 26 esti-

mates from 23 studies), and highest category of exposure vs.

never smokers (RRsummary = 1.64, 95% CI: 1.45–1.85;

I2 = 39.6%; 27 estimates from 24 studies). One additional

study [61] was considered in the meta-analysis for the com-

parison of former and never smokers (RRsummary = 1.30, 95%

CI: 1.21–1.40; I2 = 26.3%; 31 estimates from 24 studies).

An analysis of the dose–response relationship was

conducted through weighted least squares regression,

allowing the inclusion of 24 studies. Following a strategy

similar to the one described above for the analysis using the

method proposed by Greenland and Longnecker, a model

including the variables number of cigarettes consumed per

day (b = 0.01588, p \ 0.001), square of the number of

cigarettes consumed per day (b = -0.00024, p = 0.007),

sex (females vs. males: b = -0.16690, p = 0.007; males

and females vs. males: b = -0.01262, p = 0.831), out-

come (mortality vs. incidence: b = 0.18378, p \ 0.001),

population origin (European vs. Asian: b = 0.24631,

p = 0.003; American vs. Asian: b = 0.00519, p = 0.922),

adjustment for fruit or vegetables consumption

(b = 0.12204, p = 0.022), and year of publication (C1998

vs. \1998: b = 0.19899, p \ 0.001). The RRs predicted

with this model increase from 1.3 for the lowest con-

sumptions to 1.7 for the smoking of approximately 30

cigarettes per day, and then a slight decrease is observed to

a RR of 1.5 for smokers of 50 cigarettes per day.

 Relative Risk
 .5  1  2  5

 Study
 Relative Risk
 (95% CI)

 Males and Females (MF)
 Inoue, 1996 (MF) [18]   0.73 ( 0.29, 1.82)
 Siman, 2001 (MF) [55]   0.67 ( 0.24, 1.83)
 Lindblad, 2005 (MF) [53]   1.30 ( 1.02, 1.65)
 Sauvaget, 2005 (MF) [41]   1.37 ( 1.13, 1.66)
 Kurosawa, 2006 (MF) [40]   2.11 ( 0.96, 4.65)
 Sjodahl, 2007 (MF) [52]   1.30 ( 0.88, 1.92)

 Subtotal   1.32 ( 1.15, 1.51)

 Males (M)
 McLaughlin, 1990 (M) [24]   1.02 ( 0.86, 1.21)
 Kneller, 1991 (M) [64]   2.20 ( 0.99, 4.90)
 Kato, 1992 (M) [47]   2.56 ( 0.81, 8.11)
 Tverdal, 1993 (M) [58]   1.21 ( 0.49, 3.00)
 Nomura, 1995 (M) [19]   1.10 ( 0.73, 1.66)
 Engeland, 1996 (M) [57]   1.30 ( 0.87, 1.94)
 Galanis, 1998 (M) [63]   1.00 ( 0.51, 1.95)
 Mizoue, 2000 (M) [26]   2.20 ( 0.80, 6.02)
 Chao, 2002 (M) [62]   1.55 ( 1.28, 1.88)
 Sasazuki, 2002 (M) [44]   1.60 ( 1.08, 2.36)
 Gonzalez, 2003 (M) [54]   1.08 ( 0.67, 1.74)
 Jee, 2004 (M) [50]   1.40 ( 1.26, 1.55)
 Koizumi, 2004 (M1) [43]   1.89 ( 1.24, 2.88)
 Koizumi, 2004 (M2) [43]   1.63 ( 1.01, 2.63)
 Fujino, 2005 (M) [42]   1.24 ( 0.95, 1.61)
 Sung, 2007 (M) [30]   1.30 ( 1.16, 1.45)

 Subtotal   1.34 ( 1.22, 1.47)

 Females (F)
 Kato, 1992 (F) [47]   4.87 ( 0.64, 36.93)
 Tverdal, 1993 (F) [58]   1.47 ( 0.47, 4.61)
 Engeland, 1996 (F) [57]   0.80 ( 0.40, 1.60)
 Nordlund, 1997 (F) [56]   0.18 ( 0.02, 1.43)
 Chao, 2002 (F) [62]   1.36 ( 1.08, 1.71)
 Gonzalez, 2003 (F) [54]   1.39 ( 0.81, 2.39)
 Jee, 2004 (F) [50]   1.00 ( 0.78, 1.27)
 Fujino, 2005 (F) [42]   1.17 ( 0.51, 2.67)

 Subtotal   1.16 ( 0.92, 1.46)

 Overall   1.30 ( 1.21, 1.40)

Fig. 4 Meta-analyses of cohort studies evaluating the association between cigarette smoking and gastric cancer (former vs. never smokers).

M1: Males, study 1 (this article includes results from two studies); M2: males, study 2 (this article includes results from two studies)
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Funnel plots

Publication bias is suggested for the studies conducted in

males both by visual inspection of the funnel plot and

according to the Egger’s regression asymmetry test

(p = 0.048), but not the Begg adjusted rank correlation test

(p = 0.17). Regarding the studies in females, neither visual

inspection nor tests of statistical significance resulted in

funnel plot asymmetry (Fig. 6).

Discussion

This is the most comprehensive systematic review and

meta-analysis of cohort studies addressing the association

between cigarette smoking and gastric cancer. It shows that

the risk of gastric cancer is increased by 60% in male

smokers and 20% in female smokers, compared to never

smokers, and the associations are weaker in former

smokers. The trend estimation analysis suggests an

increase in the RR estimates from 1.3, for the lowest

consumptions, to 1.7 for the smoking of 30 cigarettes per

day. The meta-analysis also supports the classification of

smoking as a risk factor for gastric cancer regardless of the

anatomical location of the tumor within the stomach.

Heterogeneity was moderate to high in most of the

analyses conducted, but the large majority of the studies

found a positive association between smoking and gastric

cancer. Although the conclusion of a positive association

between smoking and gastric cancer is not compromised by

heterogeneity, the methodological characteristics of the

studies and the populations evaluated are related to the

magnitude of association. In addition to the gender dif-

ferences in the summary estimates, especially for current

vs. never smokers, both the subgroup and the meta-

regression analyses show that studies controlling for the

confounding effect of fruit or vegetables are more homo-

geneous and yield higher summary RR estimates. The latter

can be explained by the strong association between fruit

and vegetables consumption and both smoking habits

[65, 66] and gastric cancer risk [4]. Studies with shorter

follow-up periods yielded stronger associations between

former cigarette smoking habits and cancer, suggesting that

the risk of cancer is higher in subjects quitting smoking

 Relative Risk

 .5  1  2  5

 Study
 Relative Risk
 (95% CI)

 Cardia

 Siman, 2001 (MF) [55]   1.90 ( 0.47, 7.66)

 Sasazuki, 2002 (M) [44]   2.40 ( 0.81, 7.15)

 Gonzalez, 2003 (MF) [54]   4.10 ( 1.76, 9.56)

 Koizumi, 2004 (M1+M2) [43]   1.29 ( 0.64, 2.61)

 Lindblad, 2005 (M) [53]   1.10 ( 0.68, 1.77)

 Tran, 2005 (M) [17]   1.12 ( 0.96, 1.31)

 Lindblad, 2005 (F) [53]   2.69 ( 1.21, 5.99)

 Freedman, 2007 (MF) [61]   2.86 ( 1.74, 4.71)

 Sung, 2007 (M) [30]   2.20 ( 1.39, 3.48)

 Subtotal   1.87 ( 1.31, 2.67)

 Non-cardia

 Siman, 2001 (MF) [55]   2.70 ( 0.91, 7.97)

 Sasazuki, 2002 (M) [44]   2.10 ( 1.21, 3.64)

 Gonzalez, 2003 (MF) [54]   1.94 ( 1.05, 3.59)

 Koizumi, 2004 (M1+M2) [43]   2.00 ( 1.13, 3.54)

 Lindblad, 2005 (MF) [53]   1.70 ( 1.26, 2.29)

 Tran, 2005 (M) [17]   1.40 ( 1.06, 1.84)

 Freedman, 2007 (MF) [61]   2.04 ( 1.32, 3.16)

 Sjodahl, 2007 (MF) [52]   1.83 ( 1.27, 2.64)

 Sung, 2007 (M) [30]   1.40 ( 1.26, 1.55)

 Subtotal   1.60 ( 1.41, 1.80)

 Overall   1.71 ( 1.47, 1.99)

Fig. 5 Meta-analyses of cohort studies evaluating the association

between cigarette smoking and cardia and non-cardia gastric cancer

(current vs. never smokers). M: Males; F: females; MF: males and

females; M1 + M2: males, pooled analysis of both studies (this

article includes results from two studies)
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more recently (since the information on the smoking status

refers to the baseline evaluation of the cohorts), and

therefore that smoking plays a predominant role in the

phases of carcinogenesis closer to cancer. This hypothesis

is in accordance with the accumulated evidence on the role

of smoking in the occurrence of gastric intestinal meta-

plasia and its progression to cancer [67–69].

Only one [55] of the studies included in our meta-

analysis took the effect of H. pylori infection into account

in the analysis, and no conclusions are possible regarding

its potential role as an effect modifier, or as an explanation

for the interstudy heterogeneity. Similarly, the contribution

of the interindividual difference in the bioactivation of

procarcinogens and detoxification of carcinogens [70, 71]

was not explored in the studies included in the analyses.

The analysis of the association between smoking and

gastric cancer across different definitions of exposure and

criteria for inclusion of the studies yielded consistent and

robust conclusions. Our results favor a dose–response

relationship, but the trend estimation following the

Greenland and Longnecker method [7] failed to support

such an association. However, the results from this analysis

must be interpreted with caution, because it could be

conducted with only 12 studies (with small variability both

regarding the levels of exposure and the methodological

characteristics of the studies). The method used in the

sensitivity analysis is responsible for spurious precision,

but receives the input from a larger number of studies and

therefore is likely to yield conclusions less prone to bias.

The trend estimation conducted in the sensitivity analysis

supported a dose–response relationship between cigarette

smoking and gastric cancer. It also provided valuable

information for the understanding of the gender differences

in the magnitude of the association between smoking and

gastric cancer. The male–female differences were inde-

pendent from the level of exposure suggesting that other

factors may contribute to explain the higher summary RR

estimates observed in males. On the one hand, since the

proportion of gastric carcinomas of the intestinal type is

higher in males, whereas the diffuse type tends to occur

more frequently in females [72], if a weaker association

between smoking and the gastric cancer of the diffuse type

could be demonstrated, this would contribute to explain the

stronger association observed in males when no distinction

is made regarding the histological types of gastric cancer.

On the other hand, socioeconomic status is strongly asso-

ciated with both the smoking habits and the risk of gastric

cancer, and the structure of confounding may differ with

gender and across settings [73]. If an association between

high socioeconomic status and smoking is observed more

frequently, or has a higher magnitude among females [74,

75], the lack of adjustment for these factors or residual

confounding may account for lower RR in studies con-

ducted in women. Similar phenomena may justify the

lower summary RR estimates for studies conducted in

populations of Asian origin.

Despite these plausible explanations for the male–

female differences in the magnitude of the association

between smoking and gastric cancer, it should be taken into

account that the results supporting this claim (both the

trend estimation and the summary RR estimates for the

category of exposure closest to 20 cigarettes per day vs.

never smokers) are based in the observation made in only

four studies. The IARC Monograph on the Carcinogenic

Risks to Humans, vol 83 [2], concluded that the RRs for

men and women were similar in studies evaluating ade-

quate numbers of women.

The distinct results with different study endpoints could

be explained if smoking was associated with a poorer

prognosis strongly than with the occurrence of cancer.

However, this hypothesis is not supported by studies

evaluating the effect of smoking on the prognosis of gastric
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Fig. 6 Funnel plot of cohort studies evaluating the association

between smoking and gastric cancer (current smokers vs. never

smokers) in males (top) and females (bottom). *Begg adjusted rank

correlation test (males: p = 0.17; females: p [ 0.99), Egger’s

regression asymmetry test (males: p = 0.048; females: p = 0.96)
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cancer, which found no significant differences in survival

according to smoking status [76, 77].

The visual inspection of the funnel plots and the cor-

responding statistical tests for asymmetry show that

negative studies are underrepresented among those con-

ducted in males. It is unlikely that the search strategy is

responsible for this bias. The systematic review included

searches in PubMed and in other two important electronic

databases. In addition to articles including the terms

‘‘tobacco’’ or ‘‘smoking’’, we also reviewed reports having

other topics as the main interest, identified in a broad

search for articles addressing different lifestyles and

through backward citation tracking. It is likely that most of

the cohort studies addressing this topic have been included

in the analyses since the study of a rare disease with a

cohort design usually implies large investigations, likely to

be published in high circulation international journals. Both

publication and outcome reporting bias may have accoun-

ted for the funnel plot asymmetry, resulting in an

overestimation of the association between smoking and

gastric cancer in males. However, given the large number

of studies available for analysis it is unlikely that those

eventually missing (expectedly small studies and in low

number) could have influence our main conclusions.

We observed no differences in the effect of cigarette

smoking according to cancer location. It was quite clear that

the harmful effect of smoking applies to any anatomical

location. From a public health point of view, the benefits

from tobacco control activities may be expected for all

cancer sites, which are important, given the decline in can-

cers of the distal stomach and the increase in those located in

the cardia [78]. For the cardia cancer, the heterogeneity

across individual studies was very high and the true magni-

tude of the association remains to be clarified, even if all

studies showed an increase in the risk of cardia cancer.

Caution is required for the interpretation of differences in the

specification of cancer subsites across studies. The classifi-

cation criteria are often not described [17, 43, 53, 55], and

some studies included in the group of cardia cancer the

tumors located in the upper third of the stomach [30, 44].

However, the two studies [54, 61] defining cardia cancers as

those pertaining to the ICD code C16.0 provided a stronger

and homogeneous summary RR estimate.

Unfortunately, the small number of studies providing

results for cancers of each main histological type and the

heterogeneity of the results regarding the cancers of the

diffuse type (one study suggests an increased risk among

smokers and the other a protective effect of smoking)

preclude a meta-analysis, and we cannot draw conclusions

from the available evidence on this topic. Future research

in gastric cancer aetiology should assess the association

between environmental factors and gastric cancer accord-

ing to histological type, both in males and in females.

In conclusion, the present study is the most compre-

hensive assessment of the association between smoking

and gastric cancer, adding to previous knowledge an

updated quantification of the dose–response relationship, a

clearer understanding of the factors contributing to the

heterogeneity in the results, and the role of smoking as a

risk factor for cardia and non-cardia gastric cancer. Our

results show that smoking is the behavioral factor for

which the evidence regarding the association with gastric

cancer is more consistent.
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