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ABSTRACT

Here we provide a comprehensive meta-analysis to summarize and appraise the quality of the current evidence on the associations of tea
drinking in relation to cancer risk. PubMed, Embase, and the Cochrane Database of Systematic Reviews were searched up to June 2020. We
reanalyzed the individual prospective studies focused on associations between tea drinking and cancer risk in humans. We conducted a meta-
analysis of prospective studies and provided the highest- versus lowest-category analyses, dose-response analyses, and test of nonlinearity of each
association by modeling restricted cubic spline regression for each type of tea. We graded the evidence based on the summary effect size, its 95%
confidence interval, 95% prediction interval, the extent of heterogeneity, evidence of small-study effects, and excess significance bias. We identified
113 individual studies investigating the associations between tea drinking and 26 cancer sites including 153,598 cancer cases. We assessed 12
associations for the intake of black tea with cancer risk and 26 associations each for the intake of green tea and total tea with cancer risk. Except for
an association between lymphoid neoplasms with green tea, we did not find consistent associations for the highest versus lowest categories and
dose-response analyses for any cancer. When grading current evidence for each association (number of studies ≥2), weak evidence was detected
for lymphoid neoplasm (green tea), glioma (total tea, per 1 cup), bladder cancer (total tea, per 1 cup), and gastric and esophageal cancer (tea, per
1 cup). This review of prospective studies provides little evidence to support the hypothesis that tea drinking is associated with cancer risk. More
well-designed studies are still needed to identify associations between tea intake and rare cancers. Adv Nutr 2021;12:402–412.

Keywords: tea, cancer, meta-analysis, grading evidence, prospective studies

Introduction
Tea, produced from the leaves of the plant Camellia sinensis,
is the most widely consumed beverage, besides water,
worldwide (1). Studies on the possible health benefits of tea
extend back many decades (2, 3). In laboratory and animal
studies, the potential health benefits of tea have been partially
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attributed to tea polyphenols [mainly epigallocatechin-3-
gallate (EGCG)], which has been shown to possess antioxida-
tive, anti-inflammatory, and anticancer properties (4). Other
bioactive constituents including thearubigins and caffeine
have also been linked to potential anticancer effects (5).
Therefore, tea drinking has been considered as a healthful
life habit for the prevention of cardiovascular diseases and
cancers.

Numerous studies have been conducted to test the
hypothesis that tea drinking may prevent chronic diseases
in humans (4). Epidemiological studies, however, have not
yielded clear conclusions concerning the potential protective
effects of tea drinking against cancer development (6).
Numerous meta-analyses of epidemiological studies of tea
and cancer outcomes have been extensively performed in
the last decade (7–10) with 3 major limitations. First, most
meta-analyses included case-control studies as well as cohort
studies. Considering that data from case-control studies are
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more likely subject to recall bias, these analyses might lead to
confounded results for the association of tea intake on cancer
risk. Second, most studies did not separate the type of tea,
such as green tea and black tea intake, and the difference
in the degree of fermentation may produce different health
effects (11). Nonfermented green tea is rich in catechins but
contains low amounts of theaflavins, while fully fermented
black tea is depleted of catechins but rich in theaflavins. Last,
previous meta-analyses did not comprehensively evaluate the
strength of the current evidence and extent of potential biases
across different cancers, which restricts the ability to make
public health recommendations based on existing evidence.

Because of the evidence from experimental studies, we
hypothesized that tea drinking is inversely associated with
cancer risk. To advance understanding on the association of
tea drinking and cancer risk in humans and provide evidence
for future health policy, we comprehensively evaluated the
associations between black tea, green tea, and total tea
intake and the risk of cancer incidence using meta-analytical
methodology and conducted evaluation of the evidence.

Methods
The current study was registered in PROSPERO (registration
number: CRD42017065975).

Literature research
Our meta-analysis was conducted in 2 parts. First, we se-
lected the prospective studies based on the current published
meta-analyses with the largest number of cohorts included.
Second, we additionally searched the database to retrieve new
studies that were published after the meta-analyses for each
tea-cancer association. We followed this approach because
there are a large number of individual studies focused on
tea drinking and cancer risk. Our approach is efficient and
effective in finding all related prospective studies on this
topic. We considered 1 association as 1 specific exposure (tea,
green tea, or black tea) and 1 outcome (any type of cancer).

Two researchers (Z-YL and G-SF) independently searched
PubMed, Embase, and the Cochrane Database of Systematic
Reviews from their respective inceptions to June 2020
for meta-analyses of epidemiological studies investigating
associations between tea drinking and the risk of developing
any cancer. We did not apply any year, language, or
publication status restrictions to the selection of articles for
inclusion. The search was based on the following terms: (tea)
AND (cancer OR carcinoma OR neoplasia OR tumor OR
neoplasm) AND ("systematic review" OR "meta-analysis").

For each tea-cancer association, we again searched
PubMed, Embase, and the China National Knowledge
Infrastructure (CNKI) database to obtain omitted or new
cohort studies that were not included in the meta-analyses
we derived.

Study selection and data abstraction
We first obtained systematic reviews and meta-analyses that
examined associations between tea drinking and the risk
of developing cancers. We excluded randomized controlled

trials, meta-analyses, and systematic reviews that did not
include study-specific data [such as Relative Risks (RRs),
95% Confident Intervals (CIs), etc.]. All selection and data-
extraction procedures were performed by 2 researchers inde-
pendently, with disagreements resolved by discussion. First,
2 researchers conducted the literature search and screened
the titles and abstracts of all articles. Second, the potentially
eligible articles were examined in detail and screened for
applicability as full texts. When we found >1 meta-analysis
on the same association between the exposure and outcome,
we included only the meta-analysis with the largest number
of cohort studies to avoid duplication. We obtained the
information for each individual study that was included in
the obtained meta-analysis. The individual study was eligible
if it reported the association between tea drinking and cancer
risk using a prospective design in humans. Third, we further
included the related cohort studies that were published after
the obtained meta-analyses to supplement each tea-cancer
analysis.

Two independent authors carried out the data extraction
on the meta-analyses and individual studies identified for
inclusion, and also conducted a quality assessment using the
Newcastle-Ottawa Scale (NOS) (12), with any discrepancies
being resolved through consensus between the 2 authors. We
developed a standard data-extraction table in order to collect
the following information for each tea-cancer association:
first author’s last name, the year of publication, the country
in which the study was conducted, cohort name, cohort size,
baseline age of the population, duration of follow-up, gender,
dose category, number of cases and total population in each
category, and maximally adjusted RRs and 95% CIs.

Statistical analyses
Pooled results.
We provided 2 categories of analyses: associations for the
highest versus lowest categories and dose-response analyses.
First, we pooled the risk estimates by combining the
multivariable-adjusted RRs of the highest compared with
the lowest intake of tea category based on a random-effects
model (13). Second, we estimated the RR and 95% CI for each
increment of 1 cup of tea intake and explored the nonlinear
association. For each study, the trend from the correlated
RRs across categories of tea intake was calculated using the
method proposed by Greenland and Longnecker (14) and
Orsini et al. (15). When tea intake was not presented in
cups/day, we transformed it into a standard measure of tea
intake according to the information provided for the same
population. For instance, 2.5 g dry tea or 125 mL tea was
equal to 1 cup of tea. Black tea, green tea, and total tea
were analyzed separately. The method requires >2 exposure
categories and the following information for each category
should be available: 1) the number of cases and total number
of participants or person-years, 2) the RR and corresponding
95% CI, and 3) the mean or median tea consumption. When
the number of cases or total number of participants or
person-years was not reported, we estimated the distribution
using the methods described by Aune et al. (16). We assigned
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the median or mean tea intake of each category to the
corresponding risk estimates of each study. If the upper
bound in the highest category was not available, we assumed
that it had the same amplitude as the preceding one. However,
there were still some studies that did not have enough data
to be included in the dose-response analyses. Therefore, we
only included them in the highest- versus lowest-category
analyses. For nonlinear associations, we used a 2-stage,
random-effects, dose-response meta-analysis by modeling
tea consumption using restricted cubic splines with 3 knots
at fixed percentiles (10%, 50%, and 90%) of the distribution
(17). We first fitted a restricted cubic spline model into
each set of RRs within a specific study and then combined
the 2 regression coefficients and the variance/covariance
matrices for each study using a multivariate random-effects
model. A P value for nonlinearity was calculated by testing
whether the coefficient of the second spline was equal to zero.
The data from each systematic review or meta-analysis and
updated supplemental research were used to build evidence
tables.

Heterogeneity and 95% prediction interval.
We evaluated heterogeneity by estimating the variance
between studies using Cochran’s Q test and the I2 statistic (18,
19), and we also estimated the 95% prediction interval (PI),
which further accounts for between-study heterogeneity.
We evaluated the effect that would be expected in a new
observational study addressing that same association (20).

Publication bias and test of excessive significance.
Indication of small-study effects was evaluated based on
the Egger’s regression asymmetry test (P = 0.10) (21). We
assessed the excess significance bias by evaluating whether
the observed number of studies with nominally statistically
significant results (“positive” studies, P < 0.05) in the
published literature was different from the expected number
of studies with statistically significant results (22). The actual
size of the true effect in each meta-analysis was assumed to
be the effect of the largest study in each meta-analysis, which
was defined based on the smallest SE. Sensitivity analysis
was performed using the summary fixed- and random-
effects estimates as alternative plausible effect sizes. Excess
significance for a single meta-analysis was defined as P
< 0.10.

Sensitivity analysis.
We explored the potential sources of heterogeneity by
subgroup or meta-regression analyses according to baseline
characteristics and methodological factors, such as gender
(men or women), follow-up years (≤median or higher),
number of cases (≥1000 or less), region (Asia-Pacific, North
America, Europe, and Australia), cancer subsite (only for
colon cancer), and adjustment for confounders (age, sex, or
other factors for each type of cancer). We only included meta-
analyses with >5 individual studies.

Grading the evidence.
For each individual study, we used the NOS to assess
the potential bias (12). For meta-data, we categorized the
associations between measures of tea drinking and cancers
into strong, highly suggestive, suggestive, weak, or no
association depending on the strength and validity of the
evidence, such as P value of the random-effects model, total
cases, I2 statistic, small-study effects, and excess significance
bias (23–25). A strong association was claimed when the
P value of the random-effects meta-analysis was <0.001, if
cases in the meta-analysis were >1000, if there was little
evidence of heterogeneity between studies (I2 ≤ 50%) and
95% PI excluded the null value, and if no evidence of small-
study effects or excess significance bias was indicated. A
highly suggestive association was defined when the P value
of the random-effects meta-analysis was <0.001, if cases in
the meta-analysis were >1000, and if moderate heterogeneity
between studies was observed (I2 ≤ 75%). A suggestive
association was claimed when the P value of the random-
effects meta-analysis was <0.001 and if cases in the meta-
analysis were >500. A weak association was claimed when
the P value of the random-effects meta-analysis was <0.05.
No association was claimed when the significance threshold
exceeded P > 0.05.

All statistical analyses were performed using R (version
3.5.0; R Core Team, Vienna, Austria). A 2-sided P value
<0.05 was considered statistically significant if not specified.

Results
Basic characteristics
The study screening procedure is provided in Figure 1. We
first selected 97 papers that reported results of meta-analyses
of tea drinking and cancer incidence. In an additional
literature search, we identified a further 27 publications of
individual studies. After carefully screening these studies,
11 articles were removed as they represented duplicate
reports.

We re-analyzed the data of meta-analyses on associations
of tea drinking and the incidence risk of 26 specific cancers.
After careful screening, 113 studies were included in the
current review that included data on 153,598 cancer cases.
The details are provided in Supplemental Table 1. An
exclusion list for studies in full text of eligibility was provided
in Supplemental Table 2. For the studies that did not
specify the type of tea in the primary studies, we derived 26
associations for the highest versus lowest categories. For the
intakes of green tea and black tea, we obtained associations
with 12 and 26 cancer sites, respectively.

Highest versus lowest intake analyses
When we combined the risk estimates for studies examining
the highest versus the lowest intake of tea, we did not find any
significant associations between a higher intake of black tea
and risk of cancer at any site. There was an inverse association
between green tea drinking and biliary tract cancer risk
(RR = 0.67; 95% CI: 0.46, 0.97; number of studies, n = 1).
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Records identified through PubMed (n = 573) and 
Embase (n = 858). 

Articles for title and abstract review (n = 969) 

Articles for full-text screening (n = 132) 

Individual studies obtained through literature
search (n = 97)  

Records with duplicate titles /abstracts were 
excluded (n = 562). 

Records were excluded as: 
(1) Not cohort studies (n = 395);
(3) Tea intake not exposure of interest 
(n = 204);
(4) Cancer incidence not outcome of 
interest (n = 191).

Records were excluded as: 
(1) Meeting paper and insufficient data 
(n = 14); 
(2) Cancer death or recurrence as outcome 
(n = 8); 
(2) Data missing for further analysis (n = 13). 

Individual studies obtained from meta-analyses 
and complementary research (n = 124) 

Individual cohort studies used in current analyses 
(n = 113) 

Individual studies obtained through meta-
analyses (n = 9) and updating research  
(n = 18). 

Records were excluded as duplicated report 
(n = 11). 

FIGURE 1 Systematic identification of the published literature on tea intake and risk of cancer.

However, only 1 study was found for this association. There
was an inverse association between green tea intake and
lymphoid neoplasm (RR = 0.72; 95% CI: 0.52, 0.98; n = 3).
A higher intake of tea was also associated with decreased risk
of glioma (RR = 0.81; 95% CI: 0.70, 0.95; n = 6). No other
significant associations were found for other cancer types.
Details are presented in Figure 2.

Dose-response analyses
In addition, we calculated the RRs per an extra 1 cup of tea
and summarized the evidence. As shown in Figure 3, we also
observed an increased risk of rectal cancer in relation to a
higher intake of black tea in 1 cohort study (RR = 2.15; 95%
CI: 1.51, 3.07; n = 1). Higher green tea intake was associated
with a lower risk of lymphoid neoplasm (RR = 0.95; 95%
CI: 0.92, 0.99; n = 3). Tea drinking was related to a lower
risk of gastric and esophagus cancers when RRs of 2 cohorts
were combined (RR = 0.85; 95% CI: 0.73, 0.99; I2 = 0%;
n = 2). A lower risk for bladder cancer was also observed
with an increase of 1 cup of tea (RR = 0.95; 95% CI: 0.91,
0.99; I2 = 3.3%; n = 5). We found a borderline significant

association between an increase of 1 cup of tea and liver
cancer risk (RR = 0.92; 95% CI: 0.85, 1.00; I2 = 30.7%; n = 4).
No statistically significant associations were observed for the
other cancer types.

We also tested for nonlinearity in the association between
tea drinking and cancer incidence when the number of
studies for each association was >2. Details are provided in
Supplemental Figures 1–3. With the exception of lymphoid
neoplasm with green tea intake and myeloid leukemia with
total tea drinking, the P values for nonlinearity did not reach
significance. Forest plots for each association discussed above
are provided in Supplemental Figures 4–64.

Sensitivity analyses
When the number of studies was >5 for each tea-cancer
association, we performed subgroup analyses according
to baseline characteristics and methodological factors. In
general, the results between these subgroups were consistent
with our main analyses. There were no associations between
tea drinking and risks of bladder, breast, colon, colorectal,
endometrial, glioma, liver, lung, ovarian, pancreatic, prostate,
and rectal cancers (data not shown).
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n  I2   P for Q

FIGURE 2 Prospective associations of tea intake with risk of cancer for the highest versus lowest intake of tea intake. I2 for heterogeneity
and 95% PIs were calculated for associations with more than 1 study. n indicates number of studies included. P for Q, P value for
heterogeneity, Cochran’s Q test; PI, prediction interval.

Appraising the evidence
Nearly 80% (90/113) of these individual studies has an NOS
score >8 (maximum = 9) (Supplemental Table 3). We

appraised the association between tea drinking and cancer
incidence risk for the highest versus lowest categories and
dose-response analyses (number of studies >2). Based on

406 Zhao et al.



n  I2   P for Q

FIGURE 3 Prospective associations of tea intake with risk of cancer for per 1 cup of tea intake. I2 for heterogeneity and 95% PIs were
calculated for associations with more than 1 study. n indicates number of studies included. P for Q, P value for heterogeneity, Cochran’s Q
test; PI, prediction interval.

the heterogeneity, 95% PI, Egger’s test, and test of excessive
significance, only 2 associations were classified as having
weak evidence for the highest versus lowest intake of tea, as
shown in Table 1 (green tea with lymphoid neoplasm, tea

with glioma). For dose-response analyses shown in Table 2,
3 associations were deemed as having weak evidence (green
tea with lymphoid neoplasm, tea with bladder cancer, and
tea with gastric and esophagus cancer). We also compared
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our results with previous meta-analysis in Supplemental
Table 4.

Discussion
Main findings and possible explanations
In this comprehensive meta-analysis, we did not find strong
evidence to support the hypothesis that the intake of any
type of tea is associated with a lower risk of cancer. Tea
drinking may be weakly associated with several types of
cancer in a dose-response manner, such as bladder cancer,
lymphoid neoplasm, and liver cancer, with low evidence. In
general, almost all of the evidence was classified as weak or
not significant.

Numerous epidemiological studies have investigated the
associations between tea drinking and cancer risk with
inconsistent and conflicting results observed (7–10). Meta-
analyses including data from both cohort and case-control
studies have indicated that tea drinking was inversely
associated with the risk of breast, endometrial, and lung
cancers (26–28). However, when only results from the
prospective studies were combined, the inverse associations
between tea consumption and the relative risk of liver,
stomach, breast, prostate, or colorectal cancers were not
evident (29). A previous meta-analysis that incorporated
57 articles that investigated the associations between tea
drinking and incidence of cancer in prospective cohort
studies reported that, except for oral cancer, higher intakes of
tea were not significantly associated with the risk of common
cancers (30). The results of our updated meta-analysis are
generally consistent with this. The World Cancer Research
Fund recently published its report on the evidence for a link
between cancer and nonalcoholic drink consumption (31).
After a systematic review of the global scientific literature,
the report concluded that the evidence was too limited in
amount, consistency, and quality to draw any conclusions
on tea drinking and cancer development. It found limited
evidence that higher tea intake might decrease the risk
of bladder cancer (RR per 1 cup = 0.94; 95% CI: 0.89,
0.98; I2 = 0%; n = 4), but evidence was deemed too
limited to reach a conclusion. In our analysis, we included
results from 1 additional cohort study on associations of
tea drinking and bladder cancer and found a significant
inverse association (RR per 1 cup = 0.95; 95% CI: 0.91,
0.99; I2 = 3.3%; n = 5). The Cochrane systematic review of
51 studies with >1.6 million participants also concluded that
no firm recommendations could be made with regard to tea,
especially green tea, for cancer prevention (32).

Tea drinking has been considered to be part of a
healthy lifestyle due to its extraordinary performance in
experimental studies and biological plausibility. Tea contains
numerous bioactive compounds that may be relevant for
chronic disease prevention and has been studied in many
different animal models of carcinogenesis, including lung
cancer, oral-digestive tract cancer, and prostate cancer
(33). Based on previous studies, the polyphenols in tea
have been hypothesized to prevent cancer by modulating

epigenetic aberrations that occurred in DNA methylation,
histone modifications, and micro-RNA formation (34). Most
experiments have focused on green tea and its most active
compound, the catechin EGCG, some of which indicate that
EGCG is a stronger antioxidant than vitamins C or E. Cell
and animal studies show that EGCG tea polyphenols directly
inhibit the development of various types of cancer. Other
polyphenols in tea include thearubigins and theaflavins,
which also show antioxidant properties in laboratory studies
(35). Evidence from the experimental and animal studies
provide a promising prospect for the prevention of cancer
risk by tea drinking.

Given the extensive experimental evidence for a potential
anticancer effect of tea and its constituent compounds, the
relative lack of robust data from epidemiological studies is
notable and possible reasons for this inconsistency deserve
some discussion. First, the inconsistent results may reflect
variations in our understanding of the types of tea consumed
and differences in how it is prepared, genetic differences,
and the impact of other lifestyle factors, such as obesity,
dietary habits, smoking, alcohol drinking, and exercising.
Second, bias due to measurement error, including the tea
drinking and cancer case ascertainment, will also introduce
methodological heterogeneity between studies. Some studies
used the self-reported outcome rather than medical records,
and tea drinking habits were obtained from self-report,
which may also be subject to misclassification bias. Third,
biological interaction with other food components and
host metabolism could also be an important factor and
this cannot be easily accounted for in epidemiological
studies where data on tea drinking habits are obtained from
questionnaires. Fourth, the high degree of heterogeneity
between populations, including race, sex, and age, may also
have an important modifying effect on the association of
tea intake and cancer development. Finally, some of the
discrepancies between the results from experimental studies
and human studies may be due to the lower doses of tea that
humans are typically exposed to compared with those in, for
example, animal models. Even though we did not find any
evidence of a dose–response relation between tea drinking
and cancer risk based on the current evidence, we cannot
exclude that the potential health effects of tea drinking on
cancer risk may be weak and easily masked by other risk
factors. All of these factors could impact on the potential
effects of tea drinking on human health, as well as against
cancer.

Given the weak and inconsistent associations between
tea drinking and cancer risks, a recommendation for tea
consumption for cancer prevention is premature. The incon-
sistency between cohort studies and case-control studies can
be partly explained by the inherent bias within retrospective
studies, such as the misclassification of tea drinking among
cases and controls. Further studies should also focus on
a well-defined exposure of tea drinking by considering
the degree of fermentation, the sources, and the water
temperature of tea. Prospective studies with a large sample
size and a longer follow-up duration are also needed to clarify
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the delicate associations between tea drinking and cancer
risk. However, from another perspective, daily tea intake
is still deemed to contribute to a healthy lifestyle, which
may decrease the risk of diabetes and all-cause mortality
(36).

Strengths and limitations
Our study has several strengths. First, our updated meta-
analysis included all published cohort studies that investi-
gated the association between tea drinking and the risk of
cancer. Our analyses encompassed 26 different cancer types,
which afforded an overview of all major cancers. Second, we
only included prospective cohort studies and excluded case-
control and cross-sectional studies, which might mitigate
selection bias, information bias, and reverse causality to some
extent. It is likely that the inverse associations between tea
drinking and cancer incidence observed in previous meta-
analyses are subject to these biases.

We acknowledge, however, that our study also has some
limitations. First, as an observational study, we cannot infer
a causal relation between the exposure and the outcome.
Therefore, although we did not find associations between
tea intake and cancer risk, this does not mean there is no
negative or positive association between tea drinking and
cancer. Second, as a meta-analysis, the reliability of our study
was partly dependent on the quality of the original studies.
However, most of the studies included in the current meta-
analysis were well-designed cohort studies, which might
provide less-biased results. Third, we did not make full
use of the data from these cohorts. Future studies should
be conducted using more comprehensive approaches, such
as pooled analyses or analyzing biomarkers to indicate the
exposure of tea consumption and its constituents. Fourth,
for some specific cancers, there is only a limited number of
study or cases to draw a robust conclusion. More prospec-
tive studies are needed to clarify these types of cancers,
including cervix cancer, esophageal cancer, and hematologic
malignancy.

Conclusions
This systematic review and updated meta-analysis revealed
that, based on the current evidence from epidemiological
cohort studies, there may be no association between tea
drinking and cancer development in humans. The current
evidence from prospective cohort databases was classified
as weak or not significant. More well-designed studies with
less measurement error and bias are needed to illuminate
associations between tea intake and rare cancers.
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