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Abstract: Purpose: To investigate the relation between green tea and risk of tumor of digestive system such as
gastric cancer, liver cancer, esophagus cancer and pancreatic cancer. Methods: A meta analysis was conducted to
estimate the risk of digestive system cancer from the case-control and prospective cohort studied, which were
identified through electronic search of PubMed, MEDLINE, EMBASE,CNKI and CBM from January 1980 to
January 2012. Results from individual studies were combined synthetically using R software and its Meta package.
Results: A total of 98 articles were included in the meta analysis. In total, the pooled relative risk(RA) for highest
versus non/lowest tea consumption levels of digestive system cancer was 0.87(95%CL:0.80-0.94). The results
showed that green tea was inversely associated with the risk of stomach cancer with a pooled RR of
0.75(95%CL:0.61-0.97). We also observed a moderate reduction in risks for the common cancer sites such as cancer
of esophagus, colon and pancreas with the pooled RRs of 0.89 (95% CL:0.77-1.15), 0.96 (95% CL:0.80-1.05), 0.77
(95% CL:0.45-1.12), respectively. In which, the RR,0.78 (95% CL:0.60-1.09) of liver cancer was in the borderline
statistical significance. Furthermore, sub-group analysis indicated that the protective role of green tea was associated
with cancer of esophagus among women with a pooled RR of 0.34 (95% CL:0.18-0.57). In this study, a pooled RR of
1.08 (95% CL:1.00-1.26) was also estimated for green tea and the risk of rectum cancer, but there was no statistic
significance. Conclusion: Green tea was possibly associated with the decreased risk of digestive system cancer, and
maybe one of the protective factors for cancers of stomach.
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1. Introduction

Tea is one of the main beverages, the
relationship between tea drinking and cancer has
been well studied. International Agency for Research
on Cancer had reviewed all literatures prior to 1989,
and pointed out that the evidence of tea being the
protective factors in human and experimental animals
is not sufficient [Intemational Agency for Reseaeh on
Cancer, 1989]. In recent years, there are lots of
researches, however, the results of relationship
between tea and digestive malignancies are confusion
in different countries or regions. In this study, we
systematically collected and arranged the literatures
about the relationship between green tea and
digestive malignant tumor, including esophagus
tumor, stomach tumor, colon tumor, rectum tumor,
liver tumor and pancreas tumor from January, 1979 to
January, 2010, and a Meta-analysis was performed.
The results provided more evidence for exploring the
relationship between green tea and digestive
malignancy.
2.Materials and methods
2.1 Literature search

We searched PubMed, MEDLINE, EMBASE,

CNKI and CBM for randomized controlled trials
( from January 1980 to January 2012).The terms used
for research words included “green tea”, "gastric
cancer", "liver cancer", "esophagus cancer",
"pancreatic cancer" and "randomized controlled trial".
The references of the retrieved articles were also
checked. Language restriction was not imposed in our
search. The inclusion criteria of this meta-analysis
was met all of the following inclusion criterias:
randomized controlled trials and observational
studies of gastric cancer,liver cancer, esophagus
cancer and pancreatic cancer; interventional factors
was green tea; Objective of study was to perfored
perspectiveness randomized controlled trials. The
major reasons for exclusion from the study were that
the outcomes were too less.
2.2 Data extraction and main endpoints

Two review authors extracted the data
independently to a self-developed data extraction
form. Studies reported in non-English language
journals will be translated before assessment. Where
more than one publication of one trial exists, only the
publication with the most complete data will be
included. We would write to study authors for further
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information if necessary. Disagreements would be
resolved by majority vote, if necessary, of a third
review author. One author entered data into Review
Manager software(RevMan 5.0.20), and a second
author independently checked the data entry.
Confirmation of the extracted information was sought
by correspondence with investigators.
2.3 Statistical analysis

For dichotomous data, results will be
summarised as risk ratios(RR), with 95% confidence
intervals (CI). For continuous out-comes we will use
weighted mean difference (WMD) (when measures
are in the same unit), or standardisedmean difference
(SMD) (when different scales are used to evaluate the
same outcome) with 95% CI as well, for example, if
the confidence interval include 0, it shows there are
no statistics significance. The pooled ORs and 95%CI
were performed on the progress ratio of disease and
incidence of side effect. If CI include 1, it shows
there are no statistics significance. 12 will be used to
assess heterogeneity among studies. 12 > 50% will be
considered considerable heterogeneity.

Based on the details loss follow-up
represention of literatures,the data of perprotocol
analysis were translated into available-case analysis
or intention-to-treat (ITT) analysis. we will make
every attempt to analysis our data by this principal.
Reporting biases adopted funnel plot analysis.

Subgroup analysis will be used to explore
possible sources of heterogeneity. Heterogeneity
among studies will be estimated by the 12 statistic.
Typically, values above 50% are deemed to suggest
significant heterogeneity. Values of 25% to 50% are
deemed to show modest heterogeneity, and values
below 25% are deemed to represent low
heterogeneity.

We will perform a sensitivity analysis if there is
a significant heterogeneity (I*> 50%).

3.Results
3.1 Literatures

A total of 83 qualified literatures[Ui et al.,2009;
Inoue et al.,2009; Wang et al.,2008; Wang et al.,2008;
Montella et al.,2007; Yu et al.,2006; Shimazu et al.,
2005; Mu et al.,2003a; Mu et al.,2003b;Han et al.,
2002; Nagano et al.,2001; Nakachi et al.,2000;
Sidong et al.,1999; Kono et al.,1988; Kato et al.,1990;
Yu and Hsieh 1991;Hoshiyama and Sasaba 1992;Yu
et al., 1995; Ji et al.,1996;Inoue et al.,1998;Galanis et
al.,, 1998; Huang et al.,1999; Nakachi et al., 2000;
Setiawan et al.,2001;Nagano et al.,2001;Tsubono et
al., 2001; Hoshiyama et al.,2002;Hoshiyama et al.,
2004; Sasazuki et al.,2004; Mu et al., 2005;Kuriyama
et al., 2006;Deandrea et al., 2010;Wouters et al., 2011;

Baron et al., 1994; Zheng et al., 1996;Tavani et al.,
1997; Ji et al., 1997;Muiioz et al.,1998;Inoue et al.,
1998; Slattery et al.,1999;Nakachi et al., 2000;
Nagano et al., 2001;Su et al.,2002;Woolcott et al.,
2002; Zhang et al.,2002;1l'yasova et al., 2003;Suzuki
et al., 2005;Michels et al.,2005;Kuriyama et al., 2006;
Yang et al., 2007;Sun et al., 2007;Ishikawa et al.,
2006; Sun et al., 2002;Wang et al.,2007;Wu et al.,
2009; Islami et al., 2009; Gao et al., 1994;Hu et al.,
1994; Inoue et al., 1998;Zhang et al.,2001;Tavani et
al., 2003; Hung et al.,2004;Ganesh et al., 2009;Gao et
al., 2009;Chen et al.,2009;Wang et al.,2003;Yang et
al., 1999;Liu et al., 2001;Pen et al., 2005; Xie et al.,
2005; Zhao et al., 2005;Wang et al., 2008;Li et al.,
2008; Li et al., 2008;Yang et al.,2009; Whittemore et
al., 1994;Harnack et al.,1997;Luo et al., 2007;Lin et
al., 2008;Zatonski et al.,1993;Ji et al., 1997;Qi et al.,
1995] were collected, including 26 studies of
esophageal cancer (2 cohort studies and 24
case-control studies, 16 Chinese and 10 English
articles), 19 studies of gastric cancer (8 cohort studies
and 11 case-control studies, 19 articles are all
English), 19 studies of colorectal cancer (8 cohort
studies and 11 case-control studies, 19 articles are all
English), 13 studies of liver cancer (7 cohort studies
and 6 case-control studies, 6 Chinese and 7 English
articles), 9 studies of pancreatic cancer (6 cohort
studies and 3 case-control studies, 1 Chinese and 8
English articles). One article reported pancreatic
cancer and colorectal cancer together, two articles
reported esophageal cancer and liver cancer at the
same time.

3.2 Meta-analysis of the relationship of green tea
and digestive malignancies

80 study results including male and female were
performed heterogeneity test, 0=328.630, P<0.001,
indicating heterogeneity existed between studies;
therefore, random effect model was used to combined
analyze the effect value, the pooled RR was 0.88
(95%CI: 0.81-0.95), suggesting there is a certain
relationship between green tea and digestive
malignancies, tea is the protective factor for digestive
malignancies. We conducted heterogeneity test of 35
studies only including male and 32 studies only
including female, and found that heterogeneity
existed between studies; therefore, random effect
model was used to combined analyze the effect value,
the pooled RR for male and female were 1.01
(95%CI: 0.89-1.14) and 0.71 (95%CI: 0.61-0.84),
respectively (Table 1), suggesting the green tea has a
protective effect on digestive system tumors for
female, not male.
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Table 1. The relationship between green tea and malignant tumor of digestive system.
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3.3 Meta-analysis of the relationship of green tea
and esophageal cancer

22 study results including male and female
were performed heterogeneity test, O=137.790,
P<0.001, indicating heterogeneity existed between
studies; therefore, random effect model was used to
combined analyze the effect value, the pooled RR
was 0.89 (95%CI: 0.71-1.13); the result of fixed
effect model was 1.05 (95%CI: 1.00-1.09), which
was similar with the result of random effect model,
indicating the result is reliable. Publication bias Begg
test Z=-0.903, P=0.367, there was no statistically
significant, suggesting the publication bias was not
significant. Subgroup analysis revealed that there was
significant heterogeneity between each subgroup;
green tea had a certain protective effect on
esophageal in the subgroup (n<300) of 1996-2010 in
China, in cohort study of male population, the
consistency between each subgroup (n<300) of
1996-2010 was good, and the consistency between

each subgroup of all literatures was good in female
population. In addition, some literatures provided the
effect value of adjusting the temperature of boiled
water; therefore, we conducted the subgroup analysis
of whether to adjust the temperature, the pooled RR
of adjusting temperature was 1.25 (95%CI:
0.95-1.65), the pooled RR of unadjusting temperature
was 0.87 (95%CI: 0.67-1.12), P>0.05.

3.4 Meta-analysis of the relationship of green tea
and gastric cancer

15 study results including male and female
were performed heterogeneity test, (0=50.060,
P<0.001, indicating there was heterogeneity between
studies; therefore, random effect model was used to
combined analyze the effect value, the pooled RR
was 0.73 (95%CI: 0.57-0.93), the result of fixed
effect model was 0.85 (95%CI: 0.77-0.95), which
was similar with the result of random effect model,
P<0.05, indicating the result is reliable. The results
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showed that green tea has protective effect on gastric
cancer. Publication bias Begg test Z=-1.945, P=0.052,
suggesting the publication bias was not significant.
We also performed subgroup analysis for the
literatures, the subgroup of cohort study, 1979-1995
had good consistency. The consistency of literatures
in the same region was good in male subgroup, while
the consistency of all literatures was good in female
subgroup.

3.5 Meta-analysis of the relationship of green tea
and colon cancer

12 colon cancer results including male and
female were performed heterogeneity test, 0=23.240,
P=0.016, indicating there was heterogeneity between
studies; therefore, random effect model was used to
combined analyze the effect value, the pooled RR
was 0.96 (95%CI: 0.84-1.10), the result of fixed
effect model was 1.05 (95%CI: 0.96-1.13), the results
of two models were close, indicating the result is
reliable. Publication bias Begg test Z=-1.359,
P=0.174, suggesting the publication bias was not
significant. The consistency of each subgroup was
good by subgroup analysis, and the consistency was
also good in female subgroup.

3.6 Meta-analysis of the relationship of green tea
and rectal cancer

7 rectal cancer results including male and
female were performed heterogeneity test, 0=9.580,
P=0.144, indicating there was no heterogeneity
between studies; therefore, fixed effect model was
used to perform effect value combined analysis, the
pooled RR was 1.10 (95%CI: 0.97-1.24), the result of
random effect model was 1.06 (95%CI: 0.88-1.28),
the results of two models were close, indicating the
result is reliable. Publication bias Begg test Z=-1.150,
P=0.881, suggesting the publication bias was not
significant. The consistency of each subgroup was
good in male and female subgroups.

3.7 Meta-analysis of the relationship of green tea
and liver cancer

12 studies including male and female were
performed heterogeneity test, 0=56.630, P<0.001,
indicating there was heterogeneity between studies;
therefore, random effect model was used to perform
effect value combined analysis, the pooled RR was
0.77 (95%CI: 0.57-1.03), the result of fixed effect
model was 0.90 (95%CI: 0.80-1.00), the results of
two models were close, indicating the result is
reliable. Publication bias Begg test Z=-0.960,
P=0.337, suggesting the publication bias was not
significant. The consistency of each subgroup was
good in male and female subgroups.

3.8 Meta-analysis of the relationship of green tea
and pancreatic cancer

6 studies including male and female were
performed heterogeneity test, 0=19.790, P=0.001,
indicating there was heterogeneity between studies;
therefore, random effect model was used to perform
effect value combined analysis, the pooled RR was
0.73 (95%CI: 0.45-1.19), the result of fixed effect
model was 0.90 (95%CI: 0.72-1.13), the results of
two models were close, indicating the result is
reliable. Publication bias Begg test Z=-2.066,
P=0.039, suggesting there might be publication bias.
The consistency of each subgroup was good in cohort
studies, the same regions and the same publication
year subgroup; the consistency of each subgroup was
also good in male and female subgroups.

4.Discussion

Tea polyphenol is main active ingredient in
green tea, which composes of epigallocatechin gallate
(EGCQG), epicatechin-3-gallate (ECG),
epigallocatechin (EGC) and epicatechol (EC), and its
target organs are digestive tract, liver and lung
[Jankun et al .,1997]. EGCG is considered to have the
strongest protective effect in the four forms; it can
suppress tumorigenesis by inhibiting urokinase
activity [Mukhtar and Ahmad 1999]. It has been
proved that green tea extract had effects of
antioxidant and anti-gene mutation, and it could
promote the activity of two-phase detoxification
enzyme glutathione S-transferase (GSTs) to enhance
detoxification for carcinogens [Uesato et al.,2001].
Tea polyphenol also can inhibit the generation of
endogenous nitroso compounds, tumor and cell
proliferation [ Yang and Wang 1993].

In this Meta-analysis, the sensitivity analysis
was compare of random effect model and fixed effect
model, and the results of two models were similar,
suggesting the results of Meta-analysis were reliable.
The analysis showed that drinking green tea could
reduce the risk of gastrointestinal malignancies, in
which, there was statistically significant between
green tea and gastric cancer, the pooled RR was 0.73
(95%CI: 0.57-0.93), indicating green tea and gastric
cancer were closely related. The RR, 0.77 (95%CI:
0.57-1.03) of liver cancer was in the borderline
statistical significance, it seems green tea could
reduce the risk of liver cancer. However, there were
no statistically significant between green tea and
esophageal cancer with a pooled RR of 0.89 (95%CT:
0.71-1.13), colon cancer with a pooled RR of 0.96
(95%CI: 0.84-1.10), rectal cancer with a pooled RR
of 1.10 (95%CI: 0.97-1.24) and pancreatic cancer
with a pooled RR of 0.73 (95%CI: 0.45-1.19),
respectively. Subgroup analysis indicated that the
protective effect of green tea drinking was associated
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with esophageal cancer, especially for women.

Heterogeneity  analysis showed  that
heterogeneity existed between subgroups, and its
source might be related to the types and number of
confounding factors in each study. In the esophageal
cancer subgroup analysis, the results were different
with the main results and the robustness was poor,
which might be related to the etiology difference of
different population, and lower test power caused by
less number of cases. Hobby of hot food is one of the
risk factors of esophageal cancer; the different
temperature of tea may conceal the real effects on
esophageal cancer [Islami et al.,2009]. In this study,
we conducted a subgroup analysis for adjusting and
unadjusting boiled water temperature, the results
showed that the green tea had no protective effect in
adjusting temperature subgroup, and the reason might
be a small number of literatures. In gastric cancer
subgroup analysis, the green tea had stronger
protective effect in China than that in Japan, which
might be related to the dietary habits of different
countries. In the type of research subgroup analysis,
the green tea had stronger protective effect in
case-control studies than that in cohort studies, and
cohort studies were carried out mainly in Japan, and
most case-control studies were carried out in China.
In the publication year subgroup analysis, the results
of esophageal cancer, gastric cancer subgroups were
significant different with the main results, it might be
there were less confounding factor in earlier
literatures. The literatures about colon cancer and
rectal cancer were published late, and there was only
one colon cancer article in which the case number is
less than 300, and it had good robustness. Recently,
there are a large number of epidemiological and
laboratory research data suggest that HBV, HCV and
aflatoxin are important risk factors for primary liver
cancer [Yu and Yuan 2004]. A part of liver cancer
literatures adjusted HBV and HCB infection, not
aflatoxin. Only a small number of pancreatic cancer
literatures were included in this study, and some of
the literatures were published earlier, most of the
literatures adjusted less confounding factors and had
poor robustness.

Meta-analysis is observational study, there
must be bias in the process of design, data collection,
statistical analysis, data quality evaluation and
trade-offs, and especially publication [ Thornton and
Lee 2000]. In general, the publication of positive
results with “statistically significant” is easier than
that of invalid results with “no statistically
significance”, which produce publication bias, and
affect the authenticity and reliability of results. To
control bias, the only way is to collect all research
data, and the blinded evaluation is carried out by
different people to trade-offs data, at last all the

qualified data are combined analyzed. In this study,
we collected a variety of studies of relationship of
green tea and digestive malignancies, including
case-control study (based on hospital and population),
cohort study (nested case-control study and
case-cohort study), which reduce the selection bias as
much as possible; we also comprehensively analyzed
the effect value of confounding factors, and reduced
the impact on results. In addition, the literatures were
collected independently by two authors, and verified
and supplemented by the third author, the
contradictions and inconsistencies were discussed
together; the publication bias was also an important
aspect of analysis. The results showed that
publication bias only existed in pancreatic cancer, not
other cancers; however, the publication bias can’t be
excluded completely. Due to language differences,
the included literatures are only in English or Chinese,
which could lead to language selection bias. When
there are too many tumor sites and research regions
in Meta-analysis, difficulties will appear, such as,
different sample sizes, different subgroup data, and
different confounding factors. Because each study is
independent, without uniform standards and formats,
we have to analyze the effect indicators according to
the actual situation. Therefore, we summarized the
data in accordance with international standards.

In summary, our results suggested that green
tea might be the protective factor for most of the
digestive system malignancies, especially gastric
cancer(women); however, this conclusion still needs
to be verified by large-sample prospective studies and
intervention studies.
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