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Abstract: Association between coffee consumption and gastric cancer

risk remains controversial. Hence, we performed a meta-analysis to

investigate and quantify the potential dose–response association

between long-term coffee consumption and risk of gastric cancer.

Pertinent studies were identified by searching PubMed and Embase

from January 1996 through February 10, 2015 and by reviewing the

reference lists of retrieved publications. Prospective cohort studies in

which authors reported effect sizes and corresponding 95% confidence

intervals (CIs) of gastric cancer for 3 or more categories of coffee

consumption were eligible. Results from eligible studies were aggre-

gated using a random effect model. All analyses were carried out using

the STATA 12.0 software.

Nine studies involving 15 independent prospective cohorts were

finally included. A total of 2019 incident cases of gastric cancer were

ascertained among 1,289,314 participants with mean follow-up periods

ranging from 8 to 18 years. No nonlinear relationship of coffee con-

sumption with gastric cancer risk was indentified (P for non-

linearity¼ 0.53; P for heterogeneity¼ 0.004). The linear regression

model showed that the combined relative risk (RR) of every 3 cups/

day increment of total coffee consumption was 1.07 (95% CI¼ 0.95–

1.21). Compared with the lowest category of coffee consumption, the

RR of gastric cancer was 1.18 (95% CI¼ 0.90–1.55) for the highest

(median 6.5 cups/day) category, 1.06 (95% CI¼ 0.85–1.32) for the

second highest category (median 3.5 cups/day), and 0.97 (95%

CI¼ 0.79–1.20) for the third highest category (median 1.5 cups/day).

Subgroup analysis showed an elevated risk in the US population

(RR¼ 1.36, 95% CI¼ 1.06–1.75) and no adjustment for smoking
eng Zhou, MM, X M,
d Xian-Tao Zeng, MD

coffee consumption (more than 6.5 cups/day) might increase the risk of

gastric cancer in the US population. More high quality studies were

warranted to further investigate the association.

(Medicine 94(38):e1640)

Abbreviations: CI = confidence interval, FFQs = food frequency

questionnaires, HR = hazard ratio, NOS = Newcastle–Ottowa

Scale, OR = odds ratio, RR = relevant risk, US = United States.

INTRODUCTION

C offee is one of the most frequently consumed beverages
around the world. Because of its popularity, to explore the

association between long-term coffee consumption and chronic
disease risk has important public health implications. Com-
pounds in coffee, complex mixture of more than a thousand
chemicals, may have either beneficial or unfavorable effects on
human body,1 and animal studies suggest that coffee can both
stimulate and restrain tumors depending on different animal
species.2–4 These contrasting effects parallel the results of
previous observational studies that revealed no definite effect
of coffee ingestion on cancer. Several meta-analyses showed
that coffee consumption may decrease risk of certain cancers
such as prostate cancer, colorectal cancer, and liver cancer but
maternal coffee consumption during pregnancy may increase
the risk of childhood acute leukemia.5–8 However, the relation-
ship between coffee consumption and risk of gastric cancer is
different among individual studies and remains controversial.

In 2006, the result of a meta-analysis did not support an
association between coffee consumption and cancer risk.9

Another drawback of the previous meta-analysis is the inclusion
of case–control studies that are prone to recall and selection
bias. In recent years, 2 meta-analyses were performed based on
cohort studies with controversial results.10–11 The previous
meta-analyses9–11 mainly focused on the relationship between
the highest coffee consumption level and either the lowest
coffee consumption level or nondrinkers. However, the range
of coffee consumption and the cut-offs for the categories
differed among studies. Therefore, the shape of the association
remains uncertain. A population-based cohort study of Swedish
women found a significantly elevated risk of 4 or more cups/day
coffee consumption as compared with nondrinkers after multi-
variate adjustment.12 Another cohort study also found an elev-
ated risk of 4 or more cups/day coffee consumption as compared
with nondrinkers in United States (US) for gastric cardia
cancer.13 A Japanese cohort study reported a 2.54 times elev-
ated risk of coffee consumption among women compared to
ffeinated coffee.14 However, a Finland
a reduced risk of 3 to 6 cups/day coffee
red with nondrinkers in men15 and The
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Singapore Chinese Health Study found a lower risk of 1 cup/day
coffee consumption compared to nondrinkers in women.16

Therefore, considering the persisting controversy on this
issue, it is necessary to summarize the results from individual
prospective studies of the association between coffee consump-
tion and gastric cancer risk. To examine the potential dose–
response association of long-term coffee consumption with risk
of gastric cancer, we conducted this dose–response meta-
analysis of coffee consumption and incidence of gastric cancer.

METHODS
We followed the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses statement17 in reporting this meta-
analysis. The meta-analysis was approved by the ethics com-
mittee of Taihe Hospital, Hubei University of Medicine.

Eligibility Criteria
Studies were eligible for inclusion in the present meta-

analysis if they met the following criteria: the exposure of
interest was coffee consumption, including total coffee, dec-
affeinated coffee, or caffeinated coffee; the study design was
prospective cohort or nested case–control; the outcome was risk
of gastric cancer; the researchers presented relative risks (RRs),
hazard ratios (HRs), or odds risks (ORs) with 95% confidence
intervals (CIs) for 3 or more quantitative categories of coffee
ingestion. We excluded animal studies, commentaries, letters,
reviews, case–control studies, cross-sectional studies, clinical
studies, and studies that assessed other associations.

Search Strategy
We searched the PubMed and Embase databases for pro-

spective studies that evaluated the association between coffee
consumption and risk of gastric cancer between January 1966
and February 10, 2015. The computer-based searches included
the key words ‘‘coffee,’’ ‘‘caffeine,’’ ‘‘stomach cancer,’’ ‘‘cardia
cancer,’’ and ‘‘gastric cancer.’’ In addition, the ‘‘coffee’’ and
‘‘stomach neoplasms’’ of Medical Subject Headings terms were
used. Reference lists of retrieved papers were manually scanned
for further relevant additional studies. We limited the search to
studies that were carried out on humans and were written
in English.

Data Extraction
Two investigators (SBZ and HW) independently screened

all papers by title or abstract and then by full content evaluation.
Any discrepancy between the 2 researchers was solved by
discussion. Then 1 author assessed study eligibility and
extracted the data, and the other author independently
double-checked the available data. The following data were
extracted from each study: first author’s surname, publication
year, duration of follow-up period, geographical location, gen-
der, age at baseline, number of participants/person-years of
follow-up, number of gastric cancer events, coffee consumption
categories, mean/median coffee consumption in each
categories, covariates adjusted for in the multivariable analysis,
the RRs and corresponding 95% CIs for all categories of
coffee consumption, and any other information of study quality
assessment. If researches based on the same cohort were
published multiple times, only the most informative paper

Zeng et al
was included. Unadjusted results were extracted when no
adjusted results were provided.18 For 4 studies that presented
data separately for men and women15–16,19 or for gastric cardia

2 | www.md-journal.com
cancer and gastric noncardia cancer13 we considered the
analyses for each gender or cohort as independent reports
and extracted data separately.

To carry out a dose–response meta-analysis, we assigned
the median coffee ingestion in each category of consumption to
the relevant RRs for each study. If medians were not presented,
we used means instead. The midpoint of the upper and lower
boundaries in each category was used to estimate the median of
consumption category when medians and means were not
presented. For highest consumption category, the assigned
median was 25% higher than the lower boundary of that
category if the upper boundary of highest consumption category
was not reported. For lowest consumption category, the
assigned median value was a half of the upper boundary of
that category if the lower boundary of the lowest category was
not supplied.

Methodological Quality Assessment
Newcastle–Ottawa scale (NOS) for cohort studies20 was

used to assess the methodological quality of the included
studies. The scale ranges from 0 to 9 points: 4 for selection
of participants, 2 for comparability between groups, and 3 for
assessment of outcome; with higher scores indicating higher
study quality. We assigned points of 0 to 3, 4 to 6, and 7 to 9 for
low, moderate, and high quality of studies, respectively.

Statistical Analysis
HRs were used as the common measure of association in

all studies, which were equivalent to RRs in cohort studies. To
analyze the trend of coffee ingestion and risk of gastric cancer,
we performed both semiparametric and parametric methods as
described in the previous meta-analysis.21 For the semipara-
metric method, 4 coffee ingestion groups were yielded – mean
lowest, third highest, second highest, and highest. The lowest
and highest coffee consumption categories corresponded to the
lowest and highest group for each included reports.22,23 For
studies with 3 coffee consumption categories, the middle
category corresponded to either the third or the second highest
group. For studies with 4 exposure categories, the third and
second highest categories, respectively, corresponded to the
third and second highest groups. If the report had more than
4 coffee consumption categories, third and second highest
groups were chosen based on their similarity of the quantity
of coffee consumption in that category to the 2 groups of the
meta-analysis. A random-effects model was used to pool the
RRs with corresponding 95% CIs of gastric cancer.24 Study
heterogeneity in each groups was tested by Cochrane Q metric
and I2 test, with P< 0.1 or I2> 50% indicating statistical
significant18,21,22,24,25

For the parametric method, a fixed effect dose–response
meta-analysis was conducted, using the method recommended
by Greenland and Longnecker.26 We used generalized least
squares models with the maximum likelihood method to evalu-
ate the coefficient for each study. If the P value for the goodness
of fit/heterogeneity was less than 0.05, a random-effects gener-
alized linear model was applied. Additionally, we investigated
potential nonlinearity or curve linearity in the association
between coffee consumption and risk of gastric cancer by a
random-effects restrict cubic spline model with 3 knots at
percentiles 1%, 25%, 50%, 75%, and 99% of the distribution.27

Medicine � Volume 94, Number 38, September 2015
A P for nonlinearity or curve linearity was calculated by testing
the null hypothesis that the coefficient of the second spline is
equal to zero.
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We did stratified analyses and meta-regression according
to study location (US, Europe, and Asia), sex (men and women),
study quality, and covariate adjustment (smoking and alcohol).
We did not perform stratified analysis for type of coffee
(caffeinated and decaffeinated) and type of gastric cancer
due to insufficient data. We used Begg funnel plots and Egger
tests to detect potential publication bias.28 All analyses were
conducted with Stata 12.0 (StataCorp, College Station, TX)
statistical software.

RESULTS

Study Search and Characteristics
The initial search identified 113 potentially relevant papers

from the PubMed and 130 articles from the Embase. After
screening titles and abstracts, we identified 45 studies for
further evaluation (Figure 1). Finally, 9 studies12–13,15–

16,19,29–32 were included in the meta-analysis. A manual search
of reference cited by these articles did not identify new eligible
reports. Among these 9 studies, 5 studies provided data separ-
ately for men and women,15,16,19,29,31 and 1 study for gastric
cardia cancer and gastric noncardia cancer,13 and we treated
them as independent studies. Therefore, we included 15 com-
parisons in the meta-analysis.

Characteristics of the included studies were shown in
Table 1. All 9 prospective cohorts with 15 studies in participants
who were free of self-reported gastric cancer at baseline (total
n¼ 1,289,314). Among the participants, 2019 incident cases of
gastric cancer occurred during follow-up periods ranging from 8
to 18 years, with a median follow-up of 13.3 years. The 9
prospective cohort studies were published between 1986 and
2014. Of them, 3 studies were conducted in the US (1 for
Japanese in Hawaii), 5 in Europe (Norway, Finnish, and Swed-
ish), and 1 in Asia (Singapore Chinese). Both men and women
were included in 7 studies, 1 study consisted men only, and 1

Medicine � Volume 94, Number 38, September 2015
study consisted women only. In all studies, dietary intake was
assessed by food frequency questionnaires (FFQs), but only 2
studies were validated against multiple day diet records or 24

FIGURE 1. Flow diagram of literature search and study selection.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
hour recalls.12,16 No study distinguished caffeinated coffee and
decaffeinated coffee. The quality assessment of all included
studies was shown in Table 2. The mean NOS score was 6.7 (of
a possible 9 points), suggesting a moderate quality of the reports
included in the present meta-analysis. The points mainly lost in
ascertainment of exposure and the percentage of loss to follow-
up that 3 studies only used FFQs without further validation and
all the studies did not address the loss to follow-up rate. The
major adjusted confounders included age, smoking, education,
body mass index (BMI), alcohol consumption, and physical
activity. However, infection of the helicobacter pylori was
unadjusted in all the included studies. The RRs and correspond-
ing 95% CIs of 3 studies with 5 cohorts were estimated using
data available in reports.

Total Coffee Consumption and Gastric Cancer
Figure 2 summarizes the results of different levels of total

coffee consumption compared with the lowest category. The
pooled RR for incident gastric cancer for individuals in the
highest category of coffee consumption (median consumption
6.5 cups/day) was 1.18 (95% CI¼ 0.90–1.55, I2¼ 50.9%, P for
heterogeneity¼ 0.01) compared with the lowest category. The
summary RRs were 1.06 (95% CI¼ 0.85–1.32, I2¼ 42.8%, P
for heterogeneity¼ 0.06) for the second highest category
(3.5 cups/day) and 0.97 (95% CI¼ 0.79–1.20, I2¼ 37.6%, P
for heterogeneity¼ 0.08) for the third highest category (1.5 cup/
day) of coffee consumption. The between-study heterogeneity
was moderate to high among the studies.

Dose–Response Analyses of Total Coffee
Consumption and Gastric Cancer

In a random-effects cubic spline model that included all
reports, we did not observe evidence suggesting any curve or
nonliner relation between coffee consumption and risk of
gastric cancer (P for nonlinearity¼ 0.53; P for hetero-
geneity¼ 0.004; Figure 3). We then applied a linear regression
model to fit the association. The combined RR of every 3 cups/
day increment of total coffee consumption was 1.07 (95%
CI¼ 0.95–1.21, P for heterogeneity¼ 0.004; Figure 4)

Stratified Analysis, Sensitivity Analysis, and
Meta-Regression

Figure 2 and Table 3 presented the results of subgroup
analyses of semiparametric method and dose–response
analysis, respectively. In stratified analyses, the null association
between coffee consumption and risk of gastric cancer was
similar for the second highest and third highest category by
study location, sex, study quality, and covariate adjustment
(smoking and alcohol) (Figure 2). For the highest category, an
elevated risk was found among US population (RR¼ 1.36, 95%
CI¼ 1.06–1.75; Figure 2) and no adjustment for smoking
(RR¼ 1.67, 95% CI¼ 1.08–2.59; Figure 2). No significant
association was observed in other subgroups. The results of
stratified analyses for RRs estimated directly from the linear
regression model were similar to the primary results except
studies conducted in the US in which a marginal difference was
observed (RR¼ 1.18, 95% CI¼ 1.00–1.38; Table 3). To test the
robustness of our findings, we performed sensitivity analyses by
excluding studies that did not provide multivariable-adjusted

Coffee Consumption and Risk of Gastric Cancer
RRs of gastric cancer and the result did not change significantly.
Further analysis detecting the influence of a single study on the
summary RRs by omitting each 1 study yielded similar results.

www.md-journal.com | 3



T
A

B
L
E

1
.

C
h

a
ra

ct
e
ri

st
ic

s
o
f

P
ro

sp
e
ct

iv
e

C
o
h

o
rt

S
tu

d
ie

s
o
f

C
o
ff

e
e

C
o
n

su
m

p
ti

o
n

a
n

d
G

a
st

ri
c

C
a
n

ce
r

R
is

k
In

cl
u
d

e
d

in
a

M
e
ta

-A
n

a
ly

si
s

F
ir

st
A

u
th

or
,

ye
ar

G
en

d
er

C
ou

n
tr

y
F

ol
lo

w
-U

p
,

ye
ar

s
A

ge
,

ye
ar

s
S

iz
e

of
C

oh
or

t

C
of

fe
e

C
on

su
m

p
ti

on
,

cu
p

s/
d

ay
N

o.
of

C
as

es
R

R
(9

5%
C

I)
A

d
ju

st
m

en
t

N
O

S
S

co
re

Ja
co

b
se

n
et

al
,

1
9

8
6

2
9

M
en

N
o

rw
ay

1
1

.5
�

3
5

1
3

,6
6

4
�

2
2

4
1

.0
(r

ef
er

en
ce

)
A

g
e,

g
en

d
er

,
an

d
re

si
d

en
ce

7
3

–
4

3
5

0
.9

8
(0

.5
9

–
1

.6
7

)
5

–
6

1
8

0
.7

2
(0

.4
7

–
1

.6
0

)
�

7
1

0
0

.8
0

(0
.4

3
–

1
.9

0
)

Ja
co

b
se

n
et

al
,

1
9

8
6

2
9

W
o

m
en

N
o

rw
ay

1
1

.5
�

3
5

2
8

9
1

�
2

8
1

.0
(r

ef
er

en
ce

)
A

g
e,

g
en

d
er

,
an

d
re

si
d

en
ce

7
3

–
4

2
6

1
.8

9
(0

.5
9

–
2

.9
3

)
5

–
6

1
6

2
.4

2
(0

.6
2

–
3

.4
5

)
�

7
1

0
4

.8
2

(0
.7

7
–

5
.0

9
)

N
o

m
u

ra
et

al
,

1
9

8
6

3
0

M
en

U
S

A
1

5
4

5
–

6
8

7
3

5
5

0
1

4
1

.0
(r

ef
er

en
ce

)
A

g
e

7
1

–
2

3
7

1
.3

2
(0

.6
1

–
2

.1
0

)
3

–
4

4
0

1
.7

0
(0

.6
8

–
2

.3
2

)
�

5
2

6
1

.1
8

(0
.5

6
–

2
.0

7
)

S
te

n
sv

o
ld

et
al

,
1

9
9

4
3

1
M

en
N

o
rw

ay
1

0
3

5
–

5
4

2
1

,7
3

5
�

2
7

1
.0

(r
ef

er
en

ce
)

A
g

e,
ci

g
ar

et
te

s
p

er
d

ay
,

an
d

co
u

n
ty

o
f

re
si

d
en

ce
7

3
–

4
1

0
0

.6
0

(0
.3

0
–

2
.1

1
)

5
–

6
1

5
0

.7
0

(0
.3

5
–

2
.1

0
)

�
7

1
4

0
.5

0
(0

.3
0

–
1

.8
4

)
S

te
n

sv
o

ld
et

al
,

1
9

9
4

3
1

W
o

m
en

N
o

rw
ay

1
0

3
5

–
5

4
2

1
,2

3
8

�
2

7
1

.0
(r

ef
er

en
ce

)
A

g
e,

ci
g

ar
et

te
s

p
er

d
ay

,
an

d
co

u
n

ty
o

f
re

si
d

en
ce

7

3
–

4
7

0
.3

0
(0

.2
1

–
1

.6
9

)
5

–
6

1
2

0
.6

0
(0

.3
2

–
2

.0
4

)
�

7
6

0
.5

0
(0

.2
5

–
2

.2
0

)
G

al
an

is
et

al
,

1
9

9
8

1
9
�

W
o

m
en

U
S

A
1

4
.8

�
1

8
6

2
9

7
0

8
1

.0
(r

ef
er

en
ce

)
A

g
e,

ed
u

ca
ti

o
n

,
an

d
Ja

p
an

es
e

p
la

ce
o

f
b

ir
th

7

¼
1

1
7

1
.3

(0
.6

–
3

.1
)

�
2

1
9

1
.6

(0
.7

–
3

.8
)

G
al

an
is

et
al

,
1

9
9

8
1

9
�

M
en

U
S

A
1

4
.8

�
1

8
5

6
1

0
0

6
1

.0
(r

ef
er

en
ce

)
A

g
e,

ed
u

ca
ti

o
n

,
an

d
Ja

p
an

es
e

p
la

ce
o

f
b

ir
th

7

¼
1

2
6

2
.5

(1
.0

–
6

.1
)

�
2

3
2

2
.2

(0
.9

–
5

.3
)

L
ar

ss
o

n
et

al
,

2
0

0
6

1
2

W
o

m
en

S
w

ed
en

1
5

.7
�

1
8

6
1

,4
3

3
�

1
2

9
1

.0
(r

ef
er

en
ce

)
A

g
e,

ed
u

ca
ti

o
n

,
ti

m
e

p
er

io
d

,
al

co
h

o
l,

an
d

te
a

8

2
–

3
1

0
5

1
.4

9
(0

.9
7

–
2

.2
7

)
�

4
2

6
1

.8
6

(1
.0

7
–

3
.2

5
)

N
il

ss
o

n
et

al
,

2
0

1
0

3
2

M
en

an
d

w
o

m
en

S
w

ed
en

1
5

3
0

–
6

0
6

4
,6

0
3

<
1

8
1

.0
(r

ef
er

en
ce

)
A

g
e,

g
en

d
er

,
B

M
I,

sm
o

k
in

g
,

ed
u

ca
ti

o
n

,
an

d
re

cr
ea

ti
o

n
al

p
h

y
si

ca
l

ac
ti

v
it

y

8

1
–

3
3

6
0

.6
6

(0
.3

1
–

1
.4

3
)

�
4

2
6

0
.9

9
(0

.4
4

–
2

.2
1

)

Zeng et al Medicine � Volume 94, Number 38, September 2015

4 | www.md-journal.com Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



F
ir

st
A

u
th

or
,

ye
ar

G
en

d
er

C
ou

n
tr

y
F

ol
lo

w
-U

p
,

ye
ar

s
A

ge
,

ye
ar

s
S

iz
e

of
C

oh
or

t

C
of

fe
e

C
on

su
m

p
ti

on
,

cu
p

s/
d

ay
N

o.
of

C
as

es
R

R
(9

5%
C

I)
A

d
ju

st
m

en
t

N
O

S
S

co
re

R
en

et
al

,
2

0
1

0
1

3
y

M
en

an
d

w
o

m
en

U
S

A
8

5
0

–
7

1
4

8
1

,5
6

3
<

1
4

3
1

.0
(r

ef
er

en
ce

)
A

g
e,

g
en

d
er

,
to

b
ac

co
sm

o
k

in
g

,
al

co
h

o
l,

B
M

I,
ed

u
ca

ti
o

n
,

et
h

n
ic

it
y

,
p

h
y

si
ca

l
ac

ti
v

it
y

,
fr

u
it

,
v

eg
et

ab
le

s,
re

d
m

ea
t,

w
h

it
e

m
ea

t,
an

d
ca

lo
ri

es

7

¼
1

3
3

1
.1

3
(0

.7
1

–
1

.7
8

)
2

–
3

1
0

0
1

.2
4

(0
.8

6
–

1
.7

9
)

>
3

5
5

1
.5

7
(1

.0
3

–
2

.3
9

)
R

en
et

al
,

2
0

1
0

1
3
z

M
en

an
d

w
o

m
en

U
S

A
8

5
0

–
7

1
4

8
1

,5
6

3
<

1
5

4
1

.0
(r

ef
er

en
ce

)
S

am
e

as
ab

o
v

e
7

¼
1

3
6

0
.9

6
(0

.6
3

–
1

.4
7

)
2

–
3

9
5

1
.0

7
(0

.7
6

–
1

.5
2

)
>

3
3

8
1

.0
6

(0
.6

8
–

1
.6

4
)

B
id

el
et

al
,

2
0

1
3

1
5

M
en

F
in

la
n

d
1

8
2

6
–

7
4

2
9

,1
5

9
<

1
1

5
1

.0
(r

ef
er

en
ce

)
A

g
e,

st
u

d
y

y
ea

r,
ed

u
ca

ti
o

n
,

ci
g

ar
et

te
sm

o
k

in
g

,
al

co
h

o
l,

ti
m

e
p

h
y

si
ca

l
ac

ti
v

it
y

,
d

ia
b

et
es

,
te

a,
an

d
B

M
I

7

1
–

2
2

5
0

.7
8

(0
.4

0
–

1
.5

1
)

3
–

4
3

7
0

.5
1

(0
.2

7
–

0
.9

2
)

5
–

6
5

5
0

.5
0

(0
.2

7
–

0
.9

2
)

7
–

9
2

9
0

.5
4

(0
.2

8
–

1
.0

6
)

�
1

0
2

0
0

.5
3

(0
.2

6
–

1
.0

9
)

B
id

el
et

al
,

2
0

1
3

1
5

W
o

m
en

F
in

la
n

d
1

8
2

6
–

7
4

3
0

,8
8

2
<

1
3

1
.0

(r
ef

er
en

ce
)

A
g

e,
st

u
d

y
y

ea
r,

ed
u

ca
ti

o
n

,
ci

g
ar

et
te

sm
o

k
in

g
,

al
co

h
o

l,
ti

m
e

p
h

y
si

ca
l

ac
ti

v
it

y
,

d
ia

b
et

es
,

te
a,

an
d

B
M

I

7

1
–

2
1

7
1

.8
7

(0
.5

4
–

6
.5

2
)

3
–

4
3

6
1

.4
1

(0
.4

2
–

4
.6

9
)

5
–

6
4

1
1

.3
5

(0
.4

0
–

4
.4

9
)

7
–

9
1

3
1

.3
3

(0
.3

7
–

4
.8

7
)

�
1

0
8

2
.0

7
(0

.5
3

–
8

.1
5

)
A

in
sl

ie
-W

al
d

m
an

et
al

,
2

0
1

4
1

6
M

en
S

in
g

ap
o

re
1

4
.7

4
5

–
7

4
2

7
,2

9
3

0
7

5
1

.0
(r

ef
er

en
ce

)
A

g
e,

in
te

rv
ie

w
y

ea
r,

d
ia

le
ct

,e
d

u
ca

ti
o

n
,

ci
g

ar
et

te
sm

o
k

in
g

,
B

M
I,

ca
ff

ei
n

e,
an

d
to

ta
l

en
er

g
y

in
ta

k
e

8

¼
1

1
1

8
0

.9
5

(0
.6

2
–

1
.4

3
)

2
–

3
1

4
7

1
.1

2
(0

.7
4

–
1

.6
9

)
�

4
2

2
1

.0
6

(0
.4

8
–

2
.3

2
)

A
in

sl
ie

-W
al

d
m

an
et

al
,

2
0

1
4

1
6

W
o

m
en

S
in

g
ap

o
re

1
4

.7
4

5
–

7
4

3
4

,0
2

8
0

5
7

1
.0

(r
ef

er
en

ce
)

A
g

e,
in

te
rv

ie
w

y
ea

r,
d

ia
le

ct
,e

d
u

ca
ti

o
n

,
ci

g
ar

et
te

sm
o

k
in

g
,

B
M

I,
ca

ff
ei

n
e,

an
d

to
ta

l
en

er
g

y
in

ta
k

e

8

¼
1

8
1

0
.6

6
(0

.4
5

–
0

.9
7

)
2

–
3

7
6

0
.8

1
(0

.4
5

–
1

.4
7

)
�

4
1

0
0

.7
6

(0
.2

3
–

2
.5

3
)

B
M

I¼
b

o
d

y
m

as
s

in
d

ex
,

C
I¼

co
n

fi
d

en
ce

in
te

rv
al

,
N

O
S
¼

N
ew

ca
st

le
–

O
tt

aw
a

sc
al

e,
R

R
¼

re
la

ti
v

e
ri

sk
.

�
Ja

p
an

es
e

in
H

aw
ai

i.
y
C

as
es

w
it

h
g
as

tr
ic

ca
rd

ia
ca

n
ce

r.
z
C

as
es

w
it

h
g
as

tr
ic

n
o
n
ca

rd
ia

ca
n
ce

r.

Medicine � Volume 94, Number 38, September 2015 Coffee Consumption and Risk of Gastric Cancer

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 5



T
A

B
L
E

2
.

T
h

e
Q

u
a
lit

y
A

ss
e
ss

m
e
n

t
o
f

A
ll

A
Q

3
In

cl
u
d

e
d

S
tu

d
ie

s

A
u

th
or

R
ep

re
se

n
ta

ti
ve

n
es

s
of

th
e

E
xp

os
ed

C
oh

or
t

S
el

ec
ti

on
of

th
e

N
on

ex
p

os
ed

C
oh

or
t

A
sc

er
ta

in
m

en
t

of
E

xp
os

u
re

D
em

on
st

ra
ti

on
T

h
at

O
u

tc
om

e
of

In
te

re
st

W
as

N
ot

P
re

se
n

t
at

S
ta

rt
of

S
tu

d
y

S
tu

d
y

C
on

tr
ol

s
fo

r
th

e
M

os
t

Im
p

or
ta

n
t

F
ac

to
r

S
tu

d
y

C
on

tr
ol

s
fo

r
A

n
y

A
d

d
it

io
n

al
F

ac
to

r
A

ss
es

sm
en

t
of

O
u

tc
om

e

W
as

F
ol

lo
w

-U
p

L
on

g
E

n
ou

gh
fo

r
O

u
tc

om
es

to
O

cc
u

r

A
d

eq
u

ac
y

of
F

ol
lo

w
-U

p
of

C
oh

or
ts

T
ot

al

Ja
co

b
se

n
et

al
,

1
9
8
6

2
9

�
�

�
�

�
�

�
�

�
6

N
o
m

u
ra

et
al

,
1
9
8
6

3
0

�
�

�
�

�
�

�
�

�
6

S
te

n
sv

o
ld

et
al

,
1
9
9
4

3
1

�
�

�
�

�
�

�
�

�
6

G
al

an
is

et
al

,
1
9
9
8

1
9

�
�

�
�

�
�

�
�

�
8

L
ar

ss
o
n

et
al

,
2
0
0
6

1
2

�
�

�
�

�
�

�
�

�
7

N
il

ss
o
n

et
al

,
2
0
1
0

3
2

�
�

�
�

�
�

�
�

�
7

R
en

et
al

,
2
0
1
0
b

1
3

�
�

�
�

�
�

�
�

�
7

B
id

el
et

al
,

2
0
1
3

1
5

�
�

�
�

�
�

�
�

�
6

A
in

sl
ie

-W
al

d
m

an
et

al
,

2
0
1
4

1
6

�
�

�
�

�
�

�
�

�
7

Zeng et al

6 | www.md-journal.com
Meta-regression according to study location, sex, study quality,
covariate adjustment (smoking and alcohol) did not reveal any
significant association between groups.

Publication Bias
Funnel plots suggest symmetry of all the results. The Egger

regression test provided no evidence of publication bias for
3 cups/day increment (P¼ 0.10, Figure 5), highest (P¼ 0.65,
Figure 6), second highest (P¼ 0.53, Figure 7), and third highest
(P¼ 0.49, Figure 8) level of total coffee consumption.

DISCUSSION
The finding from this meta-analysis, based on 1,289,314

study participants and 2019 incident cases of gastric cancer,
found no significant association between coffee consumption
and risk of gastric cancer. For highest coffee consumption
(median 6.5 cups/day), an elevated risk of gastric cancer was
observed in the US population and no adjustment for smoking;
and linear regression model showed a marginal significant
increased risk in the US population. Therefore, high coffee
consumption (more than 6 cups/day) may increase the risk of
gastric cancer in Americans. This result should be treated with
caution due to the limited number of included studies.

Our meta-analysis included studies conducted over differ-
ent countries since 1986, but all the included studies were
without stratification by coffee type (caffeinated and decaffei-
nated) and did not describe the characteristics of the coffee
consumed. The type of coffee beans, roasting procedure, and
specific method of coffee preparation can influence compo-
sition.33–36 These factors might contribute to the different risk
in each population. It is known that gastric cancer is a complex
and heterogeneous disease which is noted for marker global
variations in etiology, natural course, incidence, and manage-
ment.37,38 As a consequence, there might be certain amount of
clinical heterogeneity even though we detected no statistical
heterogeneity through our study. Additionally, meta-analysis is
considered hypothesis-generating and is not conducted to test a
hypothesis or establish a standard of care.39 Meta-analysis is
secondary study that is based on primary studies and this defect
is inevitable.20 The quality and applicability of any meta-
analysis are dependent on the quality and comparability of
information from the primary studies.39 If individual infor-
mation were available, a more precise analysis such as indi-
vidual patient data meta-analysis should be carried out rather
than conventional meta-analysis. This is a big project and it
needs authors of all published papers to share their data.40

The results from semiparametric method were basically
consistent with parametric method among total population in
the present meta-analysis. Semiparametric method suggested
that for the highest group (median 6.5 cups/day) the risk of
gastric cancer was not associated with coffee consumption; but
in the stratum of US population and unadjusted for smoking, the
elevated risks were observed (36% and 67%, respectively). As
we all know, smoking has been identified as the most important
behavioral risk factor for gastric cancer.41 Hence, the significant
result of the group that did not adjust smoking might be
confounded by this important risk factor. On the other hand,
the dose–response results of parametric method indicated that
coffee consumption had no adverse effect in overall population,
but it had a marginal significant elevated risk of 18% (3 cups/

Medicine � Volume 94, Number 38, September 2015
day) for US population; for US population, therefore, 2 methods
gave a similar elevated risk between coffee consumption and
gastric cancer. However, the result should be considered with

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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some caution because of potential confounding. This contro-
versial result might indicate that ethnicity might play a critical
role in the relationship between coffee consumption and risk of
gastric cancer, which may be caused by gene effects, as shown
in a genome-wide association study which observed a highly
significant association between a mutation on CYP1A2 and
coffee ingestion.42 Recently, a meta-analysis indicated that
CYP1A2 gene polymorphisms were significant with gastric

FIGURE 2. Forest plot of the association between highest (med
(1.5 cup/day) level of coffee consumption and risk of gastric canc
cancer risk.43 Therefore, the meta-analyses should be performed
according to different genotypes of CYP1A2. But none of the
included reports tested the genotypes and it was unlikely to

FIGURE 3. Dose–response analyses of 3 cups/day increment of
total coffee consumption and risk of gastric cancer. The black solid
line and the black long dashed line represent the estimated RRs
and corresponding 95% CIs for the nonlinearity. The red solid line
and the red short dashed line represent the estimated RRs and
corresponding 95% CIs for the linearity. CI¼ confidence interval,
RR¼ relative risk.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
conduct such a possibility of residual confounding cannot be
ruled out. Lastly, possible language bias could occur because we
excluded papers not in English. However, covered a wide range
of non-English regions and the number of large cohort in other
non-English countries is limited. Only 5 reports focused on US
population, 8 on Europe population, and 2 on Asians. The
different risk of coffee consumption and gastric cancer among
diverse regions could due to the limited quantity of
included studies.

Recently, a similar meta-analysis by Liu et al44 has been
published online (http://www.ncbi.nlm.nih.gov/pubmed/
26023935) during our manuscript under review. We read it
in depth and we found the methodology of their work was well-
designed; however, there were also some advantages of our
meta-analysis. In their article, they concluded that coffee con-
sumption was not associated with overall cancer risk and may
be a risk factor for gastric cardia cancer. However, our results
showed that coffee consumption might increase the risk of
gastric cancer for the US population. In addition, the method-
ology assessment of all included studies in the present article
was more detailed than their study (Table 2).44 Liu et al44 only
presented the total scores of NOS, while the use of NOS is
controversial as the summary scores involve inherent weight of
component items.45

The present meta-analysis has several strengths. First, the
large sample size allowed us to quantitatively assess the associ-
ation between coffee consumption and risk of gastric cancer,
thus making it more powerful than any individual research.
Second, the nature of prospective cohort of the included studies
diluted the influence of recall and selection bias. Third, we
performed sensitivity analysis and meta-regression to detect the
heterogeneity between and within groups. Ultimately, we per-
formed both nonlinear and linear regression model to fit the

6.5 cups/day), second highest (3.5 cups/day), and third highest
ompared to the lowest level (0 cup/day).
association between coffee consumption and gastric cancer.
Limitations of observational cohorts included the problem

of residual confounding, which also extends to meta-analysis of

www.md-journal.com | 7



FIGURE 4. Forest plot of the association between 3 cups/day increment of total coffee consumption and risk of gastric cancer.

TABLE 3. Overall Results and Subgroup Analyses of 3 cups/day Increment of Total Coffee Consumption

Test of Association P for Heterogeneity

No. of
Studies RR 95% CI P Value I2, %

P for Within
Group

P for
Between Group

Overall 15 1.07 0.95–1.22 0.27 57.0 0.003 NA
Study location

US 5 1.18 1.00–1.38 0.05 0.0 0.47 0.2
Europe 8 1.04 0.88–1.24 0.65 71.2 0.001
Asia 2 0.98 0.71–1.37 0.27 7.3 0.299

Gender
Men 6 0.91 0.83–1.01 0.07 0.0 0.455 0.13
Women 6 1.17 0.90–1.52 0.25 65.5 0.013

Study methodological quality
NOS� 7 10 1.10 0.93–1.28 0.26 38.3 0.103 0.99
NOS< 7 5 1.05 0.86–1.29 0.63 75.2 0.003

Adjustment for smoking
Yes 9 0.99 0.88–1.12 0.88 37.7 0.117 0.15
No 6 1.26 0.97–1.63 0.08 64.6 0.015

Adjustment for alcohol
Yes 5 1.11 0.91–1.36 0.30 70.5 0.009 0.65
No 10 1.05 0.88–1.25 0.59 52.6 0.025

CI¼ confidence interval, NA¼ not available, NOS¼Newcastle–Ottawa scale, RR¼ relative risk, US¼United States.

Zeng et al Medicine � Volume 94, Number 38, September 2015
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FIGURE 7. Funnel plot for the second highest coffee consump-
tion.

Medicine � Volume 94, Number 38, September 2015 Coffee Consumption and Risk of Gastric Cancer
observation studies, and a causal relationship cannot be estab-
lished with these data alone. Information of main confounders
from most studies were not acquired for instance the history of
infection with Helicobacter pylori, which is a strong and risk
factor for gastric cancer, was not acquired from all the studies.
All the study adjusted for age, sex, education, 3 studies with 6
reports adjusted for smoking status,13,15,16 and 3 studies with 5
reports adjusted for alcohol intake.12,13,15 In consequence,
results from the present study should be interpreted with some
caution because of many potential confounders. Fourth, all
studies used FFQs to assess levels of coffee consumption.
Moreover, although validation studies showed reasonable
reproducibility and validity of self-reported coffee consump-
tion, measurement error is inevitable.46 In addition, where
errors exist in the measurement of confounders, the bias would
in action in the direction of confounding, which may either
attenuate or exaggerate the estimated association.47,48 Exposure
misclassification of coffee consumption is the potential limita-
tion. The range between the lowest and highest categories is
much different among studies, which may lead to attenuation of
true relationship in a prospective study, especially when the
exposure was assessed before disease ascertained.46 Fifth,
although all studies ruled out cases of self-reported gastric

FIGURE 5. Funnel plot for the 3 cups/day increment of total coffee
consumption.
cancer at baseline, several undiagnosed cases might still be
included in their statistical analysis. However, the effect of such
a bias is unlikely to be big.

FIGURE 6. Funnel plot for the highest coffee consumption.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
A recent cohort study by Bidel et al15 found that 3 to
6 cups/day of coffee consumption was associated with reduced
risk and the association was only significant for male. Another
cohort study by Ainslie-Waldman et al16 found that 1 cup/day of
coffee consumption associated with decreased risk, and the
relation was only significant for female. The results from these
studies contradict from the present meta-analysis and the
majority of studies in the literature. These discrepancies might
be caused by possible reasons including a relatively small size,
lack of updated dietary assessment, and strata analysis.

In summary, this dose–response meta-analysis suggests
that coffee consumption is not associated with a significantly
elevated risk of gastric cancer. As the coffee is one of the most
frequently consumed beverages around the world especially for
Western countries, the US population should avoid high coffee
consumption since they may be more susceptible to the adverse
effects of high consumption of coffee more than 6.5 cups/day.
However, because of potential confounding, exposure mis-
classification, and other limitations of this study, this result
should be considered with some caution.

FIGURE 8. Funnel plot for the third highest coffee consumption.
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