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Green Tea Consumption and Esophageal Cancer Risk: A Meta-analysis

Yu Yi�, Hailong Liang�, Huang Jing�, Zhang Jian, Yang Guang, Zhang Jun, Hongfa Zhu, and Li Jian

Department of Critical Care Medicine, The Second Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou, China

ABSTRACT
Background: The protective role of green tea against cancer is still unknown.
Objectives: To investigate the association between green tea consumption and esophageal
cancer risk through meta-analysis.
Methods: We searched MEDLINE, EMBASE, Web of Science and Cochrane Library for studies
on the relationship between green tea and esophageal cancer risk. We assessed heterogeneity
(I2) and publication bias (Begg’s and Egger’s tests). Pooled relative risks (RRs) or odds ratios
(ORs) with 95% confidence intervals (CIs) were calculated using random effects models.
Results: A total of 20 studies were included. The RRs for all studies was 0.65 (95% CI:
0.57–0.73), with I2 ¼ 75.3% and P¼ 0. In the subgroup analysis, the following variables showed
marked heterogeneity: Asian (RR: 0.64; 95% CI: 0.56–0.73) and non-Asian countries (RR: 0.74;
95% CI: 0.45–1.03), female (RR: 0.55; 95% CI: 0.39–0.71) and maleþ female (RR: 0.64; 95% CI:
0.54–0.75), case–control study (RR: 0.62; 95% CI: 0.52–0.71), impact factor >3 (RR: 0.65; 95% CI:
0.56–0.75), impact factor <3 (RR: 0.64; 95% CI: 0.48–0.80), Newcastle–Ottawa Scale >7 (RR:
0.82; 95% CI: 0.66–0.97) and Newcastle–Ottawa Scale �7 (RR: 0.59; 95% CI: 0.49–0.68).
Conclusion: Green tea consumption could be a protective factor for esophageal cancer.
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Introduction

Esophageal cancer, one of the most common malignant
tumors of the digestive system, is highly aggressive and
has a poor prognosis. Since the early symptoms are
subtle, it is often not diagnosed until the middle or
late stages. The five-year survival rate is less than 20%
(1,2) and it is the eighth leading causes of cancer-
related death worldwide (3), with a mortality rate of
over 400,000 per year. According to a 2012 survey, the
incidence rate is 450,000 per year and rising (4). Thus,
esophageal cancer is a serious threat to health.

In daily life, the consumption of tea is second only
to drinking water. The main active ingredients in tea
are polyphenols, which have a wide range of biological
and pharmacological functions (7,8). A 2012 meta-
analysis showed that although there was no significant
link between drinking green tea and esophageal cancer
risk, a protective effect was observed in females (5).
Due to the many components of tea, there are many
confounding factors that are difficult to control. In
1990, the International Agency for Research on
Cancer stated that there was not enough evidence to
prove that tea is a protective factor for human cancer

(6). Subsequently, researchers from all over the world
studied the relationship between tea and cancer.
Although an epidemiological study has suggested that
tea drinking may lead to esophageal carcinoma (9), no
consistent conclusion has yet been reached (2).
Therefore, based on past and updated studies, we con-
ducted a meta-analysis of this relationship.

The aim of this study is to analyze the association
between drinking green tea and esophageal cancer risk.
It could provide a scientific and reliable basis for the
prevention of esophageal cancer and the development of
more effective intervention strategies to promote health.

Materials and Methods

Study Search Strategy

We included all relevant original studies published up to
June 30, 2017 on the association between green tea con-
sumption and esophageal cancer risk. Following the
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines, we searched PubMed, EMBASE,
Web of Science and the Cochrane Library (10).
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Inclusion Criteria

The inclusion criteria were: 1) case–control or cohort
studies published as original articles in English; 2) stud-
ies that investigated green tea consumption and the
resulting risk of esophageal cancer; and 3) studies pro-
viding odds ratios (ORs) or risk ratios (RRs) with 95%
confidence intervals (CIs), or gave sufficient data for
these to be calculated. Dates were extracted and sum-
marized by two authors independently. In case of dis-
agreement, another author resolved this by discussion.

The following data were analyzed: first author, pub-
lication year, country, study design, gender, research
cases/size, exposure range, adjustment factors, impact
factor (IF), Newcastle-Ottawa Scale (NOS) and RRs or
ORs with 95% CIs. If both crude RRs and adjusted
RRs are available, we chose adjusted RRs.

Data Analyses

ORs with 95% CIs were assessed to determine the
relationship between green tea and esophageal cancer.

The most adjusted RRs and 95% CIs were estimated
for the highest versus lowest green tea consumption.

Random effect models were used to calculate the
combined ORs and 95% CIs (11). Q statistics (p� 0.05)
and I2 statistics were used to evaluate heterogeneity
across the studies (12). I2 values of 0%, 25%, 50% and
75% represented no, low, moderate and high heterogen-
eity, respectively (13), and an I2 >50% was considered
to indicate heterogeneity among the studies (13).
Subgroup analyses were used to detect heterogeneity in
gender, country, basic design, NOS, IF and adjustment
for covariates (including age, birthplace, family history,
alcohol intake and cigarette smoking). We conducted a
sensitivity analysis to study potential sources of hetero-
geneity, and to identify whether one specific study sig-
nificantly affected the data (14).

Publication bias was assessed by both Egger’s and
Begg’s tests. If either p value was >0.05, we concluded
that there was no significant publication bias (11,15).
We used STATA 13.0 to analyze all the data, and
took p� 0.05 as statistically significant.

Figure 1. Search strategy and selection of studies for inclusion in the meta-analysis.
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Results

Literature Search

We initially identified 187 relevant studies, published
between 1994 and 2015. These were screened accord-
ing to the inclusion criteria to leave a final selection
of 20 (16–35). Figure 1 illustrates the retrieval process.

Study Characteristics

Of the 20 studies that met the inclusion criteria, 17
were case–control studies and three were cohort stud-
ies; 19 were conducted in Asia (including 13 in China,
four in Japan, one in India and one in Iran) and one
in Europe. The total number of subjects was 755,108,
including 6103 cases of esophageal cancer. The RRs of
all studies were adjusted. In most studies, age, sex,

family history, education, alcohol intake and cigarette
smoking were corrected. We conducted NOS on the
studies, with a score of 5–9. The basic characteristics
are summarized in Table 1.

Main Results

The summary RR for all studies was 0.65 (95% CI:
0.57–0.73), with high heterogeneity (I2 ¼ 75.3% and
p¼ 0, Figure 2). This indicates that green tea intake is
a protective factor for the risk of esophageal cancer.

Subgroup Analyses

To investigate the sources of heterogeneity, we con-
ducted a subgroup analysis of the relationship between
green tea consumption and esophageal cancer. The

Figure 2. Forest plot of relative risks (RRs) with 95% CI, examining the association between green tea consumption and esopha-
geal cancer risk in a random-effects model.
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subgroups we analyzed included: countries (Asian or
non-Asian), gender (male, female or maleþ female),
research design (case-control study or cohort study),
IF (>3 or <3), NOS (>7 or �7) and adjustment for
covariates (age, birthplace, family history, alcohol
intake and cigarette smoking). In the subgroup ana-
lysis, the following variables showed a marked hetero-
geneity: Asian (RR: 0.64; 95% CI: 0.56–0.73) and non-
Asian countries (RR: 0.74; 95% CI: 0.45–1.03), female
(RR: 0.55; 95% CI: 0.39–0.71) and maleþ female (RR:
0.64; 95% CI: 0.54–0.75), case–control study (RR:
0.62; 95% CI: 0.52–0.71), IF >3 (RR: 0.65; 95% CI:
0.56–0.75), IF < 3 (RR: 0.64; 95% CI: 0.48–0.80),
NOS > 7 (RR: 0.82; 95% CI: 0.66–0.97) and NOS � 7
(RR: 0.59; 95% CI: 0.49–0.68). In addition, there was
significant heterogeneity among the subgroups of
adjustment for covariates. The results of subgroup
analysis are shown in Table 2.

Sensitivity Analysis

Sensitivity analysis was used to determine the robust-
ness of the meta-analysis, as well as to determine the
main factors that influenced the results. As can be
seen in Figure 3, the effects of each study fell within
the synthetic effect range: indicating that there was no
single study that influenced the results more than
another, and confirming that our data were rational.

Regression Analysis

We used regression analysis to explore the impact of
research factors and attempted to identify the sources
of heterogeneity between studies. First, a meta regres-
sion analysis conducted using countries as covariates
found p¼ 0.179 and I2 ¼ 78.19%, suggesting that
country could explain 78.19% of the heterogeneity.
Secondly, we used gender as a covariate for meta
regression analysis and found p¼ 0.893 and I2 ¼
78.75%. These results suggest that gender explains
78.75% of the heterogeneity. The results of the regres-
sion analysis are shown in Figures 4 and 5.

Publication Bias

Begg’s and Egger’s tests were performed to assess pub-
lication bias and the funnel plot symmetry was exam-
ined (Figures 6 and 7). The results from Begg’s test
(Z¼ 1.14, p¼ 0.254) and Egger’s test (p¼ 0.124)
showed no statistically significant difference, suggest-
ing a small bias in publication.

Discussion

In a meta-analysis published in 2012, Zheng P et al. found
that consumption of green tea was not associated with
non-drinking esophageal cancer risk (5). In recent years,

Table 2. Relative risks (RRs) of esophageal cancer in relation
to green tea consumption.

Group
No. of
studies RR (95% CI) Pheterogeneity I2 (%)

Country
Asian 23 0.64 (0.56–0.73) 0 76.3
Non-Asian 1 0.74 (0.45–1.03) 0 0
Gender
M 3 0.94 (0.69–1.19) 0.113 54.2
F 4 0.55 (0.39–0.71) 0.021 69.1
Mþ F 17 0.64 (0.54–0.75) 0 77.9
Design
Case–control study 20 0.62 (0.52–0.71) 0 78.5
Cohort study 4 0.78 (0.60–0.95) 0.535 0
IF
>3 15 0.65 (0.56–0.75) 0 76.2
<3 9 0.64 (0.48–0.80) 0 76.8
NOS
>7 4 0.82 (0.66–0.97) 0.036 64.9
�7 20 0.59 (0.49–0.68) 0 75.8
Adjustment for covariates
Age
Yes 18 0.73 (0.63–0.82) 0 74.1
No 6 0.42 (0.26–0.58) 0.003 71.6
Birthplace
Yes 2 0.54 (0.35–0.74) 0.022 80.9
No 22 0.67 (0.58–0.76) 0 75.1
Family history
Yes 5 0.66 (0.50–0.83) 0 84.4
No 19 0.65 (0.55–0.74) 0 73.3
Alcohol intake
Yes 16 0.75 (0.63–0.87) 0 73.7
No 8 0.56 (0.44–0.67) 0 77.8
Cigarette smoking
Yes 18 0.67 (0.57–0.77) 0 75.0
No 6 0.60 (0.45–0.75) 0 79.7

CI: confidence interval; F: female; IF: impact factor; M: male; NOS,
Newcastle–Ottawa Scale; RR: relative risk.

Figure 3. Sensitivity analysis of green tea consumption and
esophageal cancer risk.
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further studies on this relationship have been published, so
we conducted a meta-analysis to update the field.

Although esophageal cancer is one of the most
common malignant tumors of the digestive system,
the pathogenesis is unclear. The disease is controlled
by congenital factors, such as gene mutation and gene
polymorphism, and acquired factors such as smoking,
alcohol abuse and eating habits.

Tea, which is the second most common drink after
water, is widely grown in more than 30 countries
around the world with an annual yield of 2,500,000
tons (36). Various studies have investigated the pro-
tective effect of tea against cancer due to its

antioxidant, anti-inflammatory and antitumor effects
(7,8). The main active ingredients of tea are polyphe-
nols, and the most common are epigallocatechin gall-
ate, epigallocatechin gallate, epigallocatechin gallate
and epicatechin (37). Studies have shown that epigal-
locatechin gallate has a significant anti-tumor effect,
since it can inhibit the proliferation of cancer cells
and promote their apoptosis by reducing the activity
of enzymes and hindering the signal transduction
pathway (38). An hour after consumption of green
tea, high concentrations of catechin and theaflavins
can be detected in saliva, suggesting that tea polyphe-
nols can selectively inhibit the proliferation of oral
cancer cells and induce apoptosis (39).

Figure 4. Meta-regulation of green tea consumption and
esophageal cancer risk by using countries as covariates.

Figure 5. Meta-regulation of green tea consumption and
esophageal cancer risk by using gender as covariates.

Figure 6. Egger’s funnel plot assessing publication bias among
the studies.

Figure 7. Begg’s funnel plot assessing publication bias among
the studies.

NUTRITION AND CANCER 7



Different tea processing methods result in different
effective ingredients and therefore different effects on
esophageal cancer risk. A previous study showed that
green tea, but not black tea, may be a protective factor
for esophageal cancer (40). Another study proposed
that there was significant isomerization of tea poly-
phenols at low temperatures: since yield of H2O2

increased with temperature, oxidation of tea polyphe-
nols was faster at higher temperatures. Therefore, the
higher the temperature of the tea, the less chance that
polyphenols are able to exhibit a protective effect
against cancer (41). This finding was corroborated by
a study that found cold green tea was a protective fac-
tor for esophageal cancer and that the risk of esopha-
geal cancer increased with tea temperature (42).

Some limitations in our meta-analysis should be
mentioned. First of all, although the search methods
used in this study are extensive, we only included
research literature published in English; secondly, we
did not adjust some important risk factors such as
gender, family history of esophageal cancer, smoking
history and drinking history; furthermore, in during
the study of confounding factors, increased the diffi-
culty of the study; finally, we did not assess the dos-
e–response relationship between green tea intake and
risk of esophageal cancer.

Some studies have shown tea polyphenols to have
various properties, including anti-tumor, antioxidant
and anti-inflammatory effects (7,38); however, epi-
demiological studies have not yet reached a consensus
over its protective effects (27,33,43). The many con-
founding factors, including dietary habits, the com-
position of the tea and temperature will affect the
results of the study.

Green tea is low cost and controllable, so it will
become an important research target in the field of
esophageal cancer. From this study, we conclude that
there are risks associated with drinking hot tea, but
that green tea consumption could be a protective fac-
tor against the risk of esophageal cancer, especially in
later life.
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