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It is widely known that vegetable consumption contributes to
reducing the risk of gastric cancer (GC). However, the incidence
rates of GC remain high in both Japanese and Korean populations,
even though they have a high consumption of total vegetables.
This may be due to the fact that Japanese and Koreans mainly con-
sume processed vegetables, such as cooked, salted, or pickled veg-
etables, rather than fresh vegetables. To determine whether the
intakes of fresh and pickled vegetables have different effects on
the risk of GC in Japanese and Korean populations, we carried out
a meta-analysis of published epidemiological reports. Eight studies
on the consumption of fresh vegetables and 14 studies on the con-
sumption of pickled vegetables related to GC risk were included in
this meta-analysis. Four studies exploring differences in GC risk in
men and women were considered separately. We observed that a
high intake of fresh vegetables was significantly associated with a
decreased risk of GC (overall summary OR = 0.62, 95% CI = 0.46–
0.85) but that a high intake of pickled vegetables was significantly
associated with an increased risk of GC (overall summary
OR = 1.28, 95% CI = 1.06–1.53). The results of this meta-analysis
provide evidence that a high intake of pickled vegetables may
increase GC risk and suggest that a high consumption of fresh veg-
etables, rather than a large total amount of vegetables including
pickled vegetables, is important to reduce GC risk. (Cancer Sci
2010; 101: 508–516)

V egetable consumption is known to contribute to a reduc-
tion of gastric cancer (GC) risk.(1–6) The mean daily intake

of vegetables in Korea (327.0 g ⁄ day)(7) and Japan (253.9
g ⁄ day)(8) is higher than that of the USA (189 g ⁄ day)(9) and
northern Europe (104.6–119.1 g ⁄ day in men and 119.4–
131.0 g ⁄ day in women),(10) all regions characterized by low
rates of GC incidence (<15 ⁄ 100 000).(11) However, the age-
standardized incidence rate of GC remained high in Korea
(67–73 ⁄ 100 000 men and 20–30 ⁄ 100 000 women) and Japan
(60–92 ⁄ 100 000 men and 24–39 ⁄ 100 000 women) during the
1990s.(12) Moreover, the seroprevalence of Helicobacter pylori
infection, considered as a major risk factor for GC, is also high
in Japan (60.0%) and Korea (59.6%).(13,14)

This paradox might be explained by the fact that Japanese
and Korean people consume more pickled vegetables than fresh
vegetables. Vegetables are the main source of various antioxi-
dants (such as carotenoids, vitamin C, folate, and selenium),
fiber, and phytochemicals that play an important role in the eti-
ology of cancer.(15–17) However, vegetables have varying effects
on GC risk, depending on how they are prepared and preserved.
Fresh vegetables contain greater amounts of these nutrients
because there is no nutrient loss due to preparation, so fresh veg-
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etable consumption appears to be a stronger protective factor
against GC than total vegetable consumption.(16) Unfortunately,
Japanese and Korean people often consume processed vegeta-
bles, such as cooked, salted, or pickled vegetables, rather than
fresh vegetables.(7) Pickling, also known as brining or corning,
is the process of preserving food by soaking and storing it in
vinegar or brine.(18) Although pickled vegetables may offer
health benefits due to the fermentation process,(19) they may
have adverse effects on GC risk due to the addition of large
amounts of salt and the loss of key nutrients contained in vegeta-
bles under acidic and oxygenic conditions.(15,20,21) In addition,
pickled vegetables are a possible source of nitroso compounds
that may contribute to gastric carcinogenesis.(22,23)

Although the evidence from case–control studies supporting
the protective effects of vegetables against GC risk remains
strong, evidence about the effects of vegetable consumption on
GC risk from cohort studies is equivocal,(16,24–26) and meta-anal-
yses of the relationships between pickled vegetable intake and
GC risk have not been carried out. Therefore, we examined the
relationships between the consumption of fresh vegetables and
pickled vegetables and GC risk through a meta-analysis of stud-
ies carried out in Japanese and Korean populations that indicated
a high risk of GC but also a high intake of vegetables.

Materials and Methods

Selection of studies for meta-analysis. Case–control studies
and cohort studies evaluating the relationships between vegeta-
ble intake and GC risk published before November 2008 were
identified using databases including PubMed (http://www.
ncbi.nlm.nih.gov/pubmed/), KoreaMed (http://www.koreamed.
org/SearchBasic.php), and Ichushi (Japana Centra Revuo Medi-
cina, http://www.jamas.or.jp). The keywords used in these
searches were (‘‘gastric cancer’’ or ‘‘stomach cancer’’), (‘‘vege-
table’’ or ‘‘pickled vegetable’’), and (‘‘Japan’’ or ‘‘Korea’’).
We also reviewed the references cited in the articles to identify
additional studies for inclusion. We included published works
written in Japanese, Korean, and English.

Inclusion ⁄ exclusion criteria. Inclusion ⁄ exclusion criteria for
this meta-analysis were as follows.

1 To examine the relationships between overall fresh or pickled
vegetables intake and GC risk, we included only the results
that specified the food item to be ‘‘fresh vegetables,’’ ‘‘raw
vegetables,’’ ‘‘pickled vegetables,’’ ‘‘pickles,’’ or ‘‘pickled
food’’ in each study, and the results obtained from single
food item questions have been excluded.
doi: 10.1111/j.1349-7006.2009.01374.x
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2 Subjects were of Japanese or Korean ethnicities. Migrant
studies were also included.

3 Cohort or case–control studies were included. Review or
meta-analysis articles were excluded.

4 The studies that presented adjusted 95% confidence intervals
(CI) as well as relative risks (RR) or odds ratios (OR) were
included for meta-analysis in order to use adjusted values.
Studies that did not report adjusted 95% CI or that presented
regression coefficient values were excluded even if the
number of cases and controls were presented.

5 In cases of multiple publications drawn from studies of the
same population, only the most recent study was included.

6 Case–control studies that evaluated mortality instead of GC
incidence were excluded.
Data abstraction. The studies were reviewed independently

by two reviewers using the same inclusion ⁄ exclusion criteria,
with disagreements between the reviewers resolved by consen-
sus. The following information was collected from each study:
the study design; author; publication year; nation; study period;
study subjects (type and sources, definition, and numbers of
subjects); measure unit of food intake (consumption frequency
or quantitative intake amount); category of food intake; RR/OR
and 95% CI; P for trend; and confounding variables.

Statistical analysis. To consider the values adjusted for the
confounding factors and to include the studies that did not
present each cell number (cross-tabulation) in the tables,(6,27)

we used the values of RR or OR with its 95% CI. Statistical
heterogeneity across the studies was assessed by calculating the
between-study variation (s2) from the Q statistic.(28) In addition
to Q, the I2 statistic describing the percentage of variation
attributable to heterogeneity across the studies was also cal-
culated from Q values because it is easily interpretable. It has
been suggested that I2 values of 25%, 50%, and 75% is
assigned to low, moderate, and high heterogeneity, respec-
tively.(29) Depending on these results for heterogeneity, we
decided whether a fixed-effect or random-effect model would
be used to calculate the summary OR and its 95% CI. Addition-
ally, we discovered sources of heterogeneity between studies
through a meta-regression analysis including nationality (Japa-
nese vs Korean), study design (cohort vs case–control study),
sex (total, men, vs women), and the year the study started. To
assess the degree of publication bias, we tested asymmetry in
the funnel plot using Begg’s test.(30) P-values less than 0.05
were considered statistically significant. All analyses were
carried out using STATA 10 software (STATA, College
Station, TX, USA).

Results

We identified a total of 75 articles through an initial computer-
ized search of published work. By screening the articles
according to title and abstract, 54 articles (11 review papers, 1
meta-analysis study, 9 experiment studies or clinical trials, 9
studies of populations from other countries, 23 studies on other
foods or vegetables or non-dietary factors, and 1 study on
atrophic gastritis) were excluded. We added 11 articles through
citation searches, and then 32 original articles related to the
relationships between the consumption of fresh and ⁄ or pickled
vegetables and GC risk were included. Among these articles, the
number of studies on the relationships between fresh vegetable
intake and GC risk was 14 (2 cohort studies(31,32) and 12 case–
control studies(6,27,33–42)), and the number of studies on the
relationships between pickled vegetable intake and GC risk was
25 (15 cohort studies(23,31,32,43–54) and 10 case–control stud-
ies(27,33,34,36,41,55–59)). Based on the exclusion criteria, three
case–control studies that did not report adjusted 95% CI
values,(33,55,56) one cohort study that presented the regression
coefficient values,(43) one cohort study that compared the mean
Kim et al.
intake times per week,(44) nine publications presenting multiple
studies of the same population,(31,35,37–39,45,47,48,54) and one
case–control study using death cases(57) were excluded. Finally,
a total of eight articles (one cohort study(32) and seven case–
control studies(6,27,34,36,40–42)) on the effects of consuming fresh
vegetables and 14 articles (eight cohort studies(23,32,46,49–53) and
six case–control studies(27,34,36,41,58,59)) on the effects of con-
suming pickled vegetables were included in this meta-analysis.
Four articles(34,50,51,53) that presented results separately for men
and women were considered in the separate articles for meta-
analysis.

The details of the eligible studies are presented in Tables 1
and 2 by vegetable type (fresh or pickled). Confounding fac-
tors, including typical confounders such as age and sex, were
adjusted for in most studies. We obtained statistically signifi-
cant results in tests of heterogeneity between studies of fresh
vegetables (Q = 28.369 on 8 degrees of freedom, P < 0.001;
I2 = 71.8%) and pickled vegetables (Q = 45.292 on 16
degrees of freedom, P < 0.001; I2 = 64.7%). Therefore, we
selected a random-effect model to present the summary statis-
tics. The results of the meta-analysis of the relationships
between fresh and pickled vegetable intake and GC risk are
presented in Figures 1 and 2, respectively. A high intake of
fresh vegetables was significantly associated with a decreased
risk of GC (overall summary OR = 0.62, 95% CI =
0.46–0.85), whereas a high intake of pickled vegetables was
significantly associated with an increased risk of GC (overall
summary OR = 1.28, 95% CI = 1.06–1.53). The adjusted
RR ⁄ OR for the highest category of fresh vegetable intake
were skewed in the negative direction (RR ⁄ OR range,
0.20–0.92) except for one study (OR = 1.20),(36) whereas the
adjusted RR ⁄ OR for the highest category of pickled vegetable
intake varied (RR ⁄ OR range, 0.60–3.80). After excluding two
studies by Lee JK et al.(36) and Lee SA et al.,(40) which
reported excessive right- or left-sided skew in their associa-
tions between fresh vegetable intake and GC risk, the level
of heterogeneity became low (Q = 13.074 on 6 degrees of
freedom, P = 0.042; I2 = 54.1%; data not shown). However,
the significance levels of the overall summary estimate of the
effect of the consumption of fresh vegetables on GC risk did
not change (overall summary OR = 0.64, 95% CI =
0.49–0.83; data not shown).

To explore the possible variables that explain why the results
varied from study to study, a meta-regression analysis was car-
ried out that included nationality (Japanese vs Korean), study
design (cohort vs case–control study), sex (total, men vs
women), and the year the study started. Of these variables,
nationality (P = 0.043 for fresh vegetables and P < 0.001 for
pickled vegetables) was observed as a source of heterogeneity.
However, study design (P = 0.690 for fresh vegetables and
P = 0.126 for pickled vegetables), sex (P = 0.449 for fresh veg-
etables and P = 0.567 for pickled vegetables), and the year the
study started (P = 0.081 for fresh vegetables and P = 0.512 for
pickled vegetables) were not significant sources of heterogeneity
between studies. Therefore, we carried out a subgroup analysis
according to nationality. The protective effects of fresh vegeta-
bles on GC risk from Japanese studies (OR = 0.56, 95%
CI = 0.45–0.69) was stronger than that of the overall analysis,
and the heterogeneity between studies disappeared (Q = 3.609
on four degrees of freedom, P = 0.461, I2 = 0%). However, the
heterogeneities between Korean studies on fresh vegetables as
well as Japanese studies on pickled vegetables remained after
the subgroup analysis according to nationality (data not shown).

Begg’s funnel plots for assessment of publication bias are pre-
sented in Figure 3. Begg’s test and funnel plots did not detect
publication bias in the meta-analyses of the effect of fresh
(Z = 0.94, P = 0.348) or pickled vegetables (Z = 0.78, P =
0.434) on GC risk.
Cancer Sci | February 2010 | vol. 101 | no. 2 | 509
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Fig. 1. Summary estimate of the relationships between fresh vegetable intake and gastric cancer risk in Japanese and Korean populations. CI,
confidence interval; OR, odds ratio; RR, relative risk. Shaded box, point estimate of each study; horizontal line, 95% CI of each study; diamond,
summary point estimate and its 95% CI of studies.
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Discussion

The American Institute for Cancer Research reported that the
summary relative risks of GC comparing high to low categories
for total vegetable consumption were 0.50 (95% CI = 0.38–
0.65) for 14 case–control studies and 0.80 (95% CI = 0.54–
1.18) for 4 cohort studies through meta-analysis.(16) In a
meta-analysis of 8 cohort studies, the summary relative risk of
GC in high versus low categories for total vegetable intake was
0.88 (95% CI = 0.69–1.13).(24) Similarly, two large European
cohort studies(25,26) reported that total vegetable intake was not
associated with GC risk, regardless of the anatomic site.
Although the protective effects of vegetable consumption on GC
risk is widely accepted,(1–6) the results of the above meta-analyses
indicate that the evidence from cohort studies does not support
the protective effects of total vegetable intake on GC risk.(16,24–26)

Japanese and Korean populations have higher rates of GC
incidence,(12) despite the fact that total vegetable consumption is
Kim et al.
higher in Japan and Korea,(7,8) than those in other countries with
a lower intake of vegetables.(9,10) There is a possibility that a
higher incidence of GC in Japan and Korea is partly due to the
low consumption of fruits in these areas. However, the total con-
sumption of vegetables and fruits is also higher in Korea
(414.4 g ⁄ day)(7) and Japan (373.1 g ⁄ day)(8) than in the USA
(358 g ⁄ day)(9) or northern Europe (278–288.5).(10) Moreover,
Japanese and Korean people tend to consume more cooked,
salted, or pickled vegetables than do people from North America
or Europe.(7,10,60) Based on this observation, we inferred that the
effects of vegetable consumption on GC risk may be different
according to the preparation of the vegetables.

In the present meta-analysis, we observed significant inverse
associations between a high intake of fresh vegetables and GC
risk (overall summary OR = 0.62, 95% CI = 0.46–0.85). It has
been suggested that the anticarcinogenic effect of vegetables is
attributed in part to the effect of antioxidant vitamins, especially
vitamin C and b-carotene, which inhibit the intragastric
Cancer Sci | February 2010 | vol. 101 | no. 2 | 513
ªª 2009 Japanese Cancer Association

ive C
om

m
ons L

icense



Begg's funnel plot with pseudo 95% confidence limits

Begg's funnel plot with pseudo 95% confidence limits
Lo

gO
R

S.E. of logOR
0.0 0.2 0.4 0.6

0.0 0.2 0.4

–1.0

0.0

1.0

2.0

Begg’s test, P = 0.434 

(a)

(b)

Lo
gO

R

S.E. of logOR

–1.5

–1.0

–0.5

0.0

0.5

Begg’s test, P = 0.348

Fig. 3. Begg’s funnel plot for publication bias in our overall meta-
analysis of published epidemiological reports regarding fresh vegetable
intake (a) and pickled vegetable intake (b) and gastric cancer risk. SE of
logOR, standard error of log odds ratio.

 13497006, 2010, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1349-7006.2009.01374.x by H

anyang U
niversity L

ibrary, W
iley O

nline L
ibrary on [20/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reat
formation of carcinogens such as N-nitroso compounds from
secondary amines and nitrite. This inhibition might be caused by
the reduction of nitrites into nitric oxide in the presence of
reducing equivalents, such as vitamin C, or the combination of
antioxidant vitamins with amines.(4,61,62) Another possible
mechanism for the anticarcinogenic effects of antioxidants is the
neutralization of reactive oxygen free radicals that can damage
DNA.(63,64) Fresh vegetables contain a larger amount of antioxi-
dant vitamins, such as vitamin C and b-carotene, than processed
vegetables.(20,21,65) As well as antioxidant vitamins, vegetables
contain various phytochemicals that act as antioxidants and
scavenge free radicals, which could help to prevent cancer that
occurs as a result of oxidative stress.(15)

We observed that a high intake of pickled vegetables was sig-
nificantly associated with an increased risk of GC (overall sum-
mary OR = 1.28, 95% CI = 1.06–1.53). Examples of pickled
vegetables include Japanese tsukemono and Korean Jangajji.
Japanese tsukemono includes takuan (daikon), umeboshi (ume
plum), ginger, turnip, cucumber, and Chinese cabbage.(18) Kor-
ean Jangajji is a pickled vegetable made by pickling or marinat-
ing garlic, daikon, cucumber, chili pepper leaves, and perilla
leaves in soy sauce, chili pepper paste, soybean paste, or diluted
vinegar.(66) Because they are preserved in brine (a solution of
salt in water) or marinated and stored in an acid solution, pick-
led vegetables contain a substantial amount of salt. Salt is not a
directly acting carcinogen, but consumption of salt and salt-pre-
served foods may cause atrophic gastritis by directly damaging
the gastric mucosa, which could induce DNA synthesis and cell
proliferation that contributes to stomach carcinogenesis(67) or
514
enhance the penetration of carcinogens.(68) In addition, it has
been reported that a high-salt diet enhances H. pylori coloniza-
tion in the stomach.(69) Helicobacter pylori infection may
increase the endogenous synthesis of nitrate in the stomach and
decrease gastric vitamin C concentrations,(70) thereby increasing
endogenous N-nitroso compound formation.(16) For these
reasons, a high intake of salt and salt-preserved foods has
been considered a probable cause of GC in many stud-
ies.(16,36,40,51,54,71,72) The loss of antioxidants in fresh vegetables
as a consequence of processing and storage under acid and oxy-
gen might partially explain the harmful effects of consumption
of pickled vegetables on GC risk.(15,20,21) Another possible
explanation is that pickled vegetables are a possible food source
of nitroso compounds, thereby contributing to gastric carcino-
genesis.(22,23)

There are several limitations concerning the interpretation of
this meta-analysis. We selected a random-effect model to ame-
liorate the effect of large heterogeneity between studies in this
meta-analysis, but this model has a typical limitation in that it
does not strictly rule out the effects of heterogeneity; moreover,
the relative weighting of the larger studies becomes reduced,
whereas the weighting of the smaller studies is increased.(73) In
this meta-analysis, the statistical significance of the results based
on a fixed-effect model and random-effect model were not chan-
ged (OR = 0.71, 95% CI = 0.61–0.82 in fixed-effect model for
fresh vegetables; OR = 1.19, 95% CI = 1.09–1.30 in fixed-
effect model for pickled vegetables; data not shown). To explore
the possible variables that explain the heterogeneity between
studies, we carried out a meta-regression analysis that included
nationality, study design, sex, and the year the study started. As
a result, only nationality was observed as a source of heteroge-
neity between studies. Although we carried out a meta-analysis
using adjusted RR ⁄ OR in order to consider several confounders,
a residual confounding effect could remain because the variables
included in the multivariate model were different from study to
study.

In addition to the above limitations, various types of bias
could occur in this meta-analysis. Publication bias is a typical
one involved in finding published studies that may lead
researchers to draw incorrect conclusions from their meta-analy-
sis, because studies with statistically significant results are more
likely to be published.(73) The results of Begg’s test suggest that
publication bias did not exist in this meta-analysis, but the possi-
bility of publication bias, which is a characteristic inherent to
meta-analyses, could still be present. In addition, because most
studies were not designed to determine the effects of consump-
tion of fresh or pickled vegetables on GC risk, there is a possi-
bility that an outcome-reporting bias may have influenced the
validity of our meta-analysis.(74) That is, non-significant associa-
tions between the consumption of fresh or pickled vegetables
and GC risk may not have been presented in the results and,
therefore, cannot be detected for meta-analysis. The application
of strict inclusion criteria for the selection of studies also intro-
duces inclusion criteria bias.(74) However, as the results with the
same population can lead to overestimation due to duplication,
we excluded these studies. We also excluded one case–control
study using death cases,(57) which are more prone to various
types of bias in the case–control design than incidence cases.
However, even if we include this study of death cases in our
meta-analysis, the significance of the overall summary estimate
does not change (overall summary OR = 1.26, 95% CI = 1.05–
1.50; data not shown). The interpretation and conclusions made
from the results of this meta-analysis should be regarded cau-
tiously due to the above limitations and bias.

In conclusion, the results of this meta-analysis provide evi-
dence that high intake of pickled vegetables was associated
with an increased GC risk, whereas high intake of fresh veg-
etables was associated with a decreased GC risk. These
doi: 10.1111/j.1349-7006.2009.01374.x
ªª 2009 Japanese Cancer Association
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results may explain why the GC incidence rates in Japan and
Korea remain high despite a high consumption of vegetables
in these countries. A high consumption of fresh vegetables,
rather than the total amount of vegetables, which includes
pickled vegetables, should be promoted to reduce GC rates in
Japan and Korea.
Kim et al.
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