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Tea consumption is associated with decreased
risk of oral cancer
A comprehensive and dose-response meta-analysis based on
14 case–control studies (MOOSE compliant)
Hao Zhou, MDa, Weiwei Wu, MDa, Fengqin Wang, MDa, Huizhong Qi, MDb, Zhigang Cheng, MDa,∗

Abstract
The associations of tea consumption with risk of oral cancer remain not clear. The present meta-analysis aims to clarify the real
relationship between tea intake and the risk of oral cancer and quantifies the potential dose-response relationship between them.
AWeb search was performed within Pubmed, Embase, andWeb of Science databases to identify potential studies that evaluated

the relationship between tea consumption and the risk of oral cancer on Mar 21th, 2018 without language restriction. The pooled
odds ratios (ORs) with 95% confidence intervals (CIs) were extracted and combined to evaluate the strength of associations. Dose-
response analysis was performed to quantitate the relationship between tea intake and risk of oral cancer.
Total 14 articles were included in the final analysis. The pooled OR for evaluating the risk of oral cancer and tea intake was 0.700

(95% CI=0.609–0.805, P<.001). The linearity model of dose-response analysis indicated that with increased 1 cup daily, the risk of
oral cancer decreased by 6.2% degree (OR=0.938, 95% CI=0.922–0.955, P<.001). Subgroup analysis indicated an inverse
association between tea intake and the risk of oral cancer except subgroup analysis of black tea and American people.
These results suggest tea intake provides protection against oral cancer carcinogenesis. Additionally, more large-scale pooling

and high-quality studies are necessary for detecting the precise relationship between tea intake and oral cancer risk in the future.

Abbreviations: CI = confidence interval, EGCG = epigallocatechin-3-gallate, INHANCE = International Head and Neck Cancer
Epidemiology Consortium, NOS = Newcastle–Ottawa Quality Assessment Scale, OR = odds ratio.
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1. Introduction

Oral cancer (International Classification of Diseases-10: C01–
C06), comprises cancer derived from tongue, buccal mucosa,
upper or lower gingival, floor of mouth, and hard palate,
represents the eighth most frequent cancer in the world.[1] In the
United States, oral cancer will account for about 34000 new cases
and 7000 deaths in 2018.[2] Although given the fact that new
therapy strategy has been improved in recent decades, the 5-year
survival rate of oral cancer still remained at 50%.[3] Thus,
primary prevention is important to decrease the morbidity and
mortality of oral cancer.
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Tea, the second popular beverage worldwide except for water,
has attracted much attention for its potential cancer preventive
effect for many years. The most active molecular for anti-cancer
of tea consumption is tea polyphenol, which reported to be
associated with DNA methylation, histone modification and
micro RNA level, thus to decrease generation, and development
of cancer.[4] According to previous meta-analysis and epidemio-
logic studies, tea consumption was associated with decreased risk
of prostate,[5] gastric,[6] biliary tract,[7] breast,[8] ovarian,[9]

lung,[10] and liver[11] cancers, but has no significant link of
pancreatic[12] and bladder[13] cancer.
Galeone et al have summarized data from 9 studies which were

included in the International Head and Neck Cancer Epidemiol-
ogy Consortium (INHANCE) and indicated that tea intake was
not associated with oral cancer.[14] However, 2 studies using
meta-analysis method have suggested that tea consumption was
associated decreased risk of oral cancer.[15,16] The difference of
above conclusions promoted us to perform a comprehensive and
dose-response meta-analysis to clarify the relationship between
oral cancer risk and tea consumption.
2. Materials and methods

2.1. Literature search

We performed an electric search up to Jul 21, 2018 by 2
independent researchers (HZ and WW) within Pubmed, Embase
and Web of Science databases, using the following terms: “tea”,
“black tea”, “green tea”, “oolong tea”, “oral”, “oral cavity”,
“cancer”, “tumor”, “carcinoma”, “neoplasm,” and “malig-
nance”. The reference lists from relevant original studies were

mailto:zhigangcheng888@sina.com
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manually reviewed for selecting potential omitted studies. No
language restrictions were imposed in this meta-analysis.
2.2. Study selection

The eligible inclusion criteria were as followed:
(i)
(ii)
the study design was a case-control;
studies reported the associations of histological diagnosed

oral cancer risk with tea intake;
odds ratio (OR) with 95% confidence interval (CI) or
(iii)

detailed original data was given;
the number of cases and controls and eligible dose (mL/day
(iv)

or cups/day), consisting time (year) or concentration of tea
must be provided for dose-response analysis.
Other units of measurement were excluded for limited number
of studies. The exclusive criteria included:
(i)
 inadequate data to evaluate the association between oral
cancer and tea consumption;
study evaluating the cancer risk from oral cavity and
(ii)

pharyngeal with tea intake. The most comprehensive study
was retrieved for duplicate publications.

2.3. Data extraction and quality assessment

Two researchers extracted relevant data from the included studies
independently using a standardized manner. The following
information was collected: publication year, the first author’s
name, people source, study design, gender, sample size, age, dose
of tea, types of tea, concentration of tea, duration time (year) of
tea intake, control source, population source, adjusted variables,
risk estimates, and 95% CI for evaluating the risk of oral cancer
and tea consumption. We selected the maximally adjusted ration
as the only evaluation index for preventing possible confounders
when studies reported multivariable adjusted-effect estimates.
Once the study did not report the data evaluate the overall
relationship between tea intake and oral cancer risk, the results
were pooled first before being used in the final analysis. The
number of case and total participate for each category of tea
consumption was also included for dose-response analysis. All
controversial questions were resolved by asking a third author.
Newcastle–Ottawa Quality Assessment Scale (NOS), which

has been validated as an available tool for assessing the quality of
observational studies in meta-analysis, were chosen to evaluate
the quality of included studies.[17,18] The details of NOS score
were as followed including total 9 sub-classifications (1 score/
item): selection of participants and measurement of exposure (4
items), comparability (2 items), and evaluation of methodological
quality outcome (3 items). Study evaluated with 7 score or more
was considered as high level of research.[19,20]
2.4. Statistical analysis

Statistical heterogeneity was assessed by the I2 statistic and x2 test.
For the I2 metric, the cut-off points were set as 25%, 50%, and
75% for low, moderate and high degrees of heterogeneity,
respectively.When heterogeneitywas significant (P�.1 or I2≥50),
the random effect model was chosen, otherwise, the fixed effect
model was chosen. Pooled risk estimates (OR) with 95% CI were
used for evaluating the links of tea consumption with risk of oral
cancer.[21,22] Sensitivity test was conducted to assess robust of
pooled results by removing 1 literature each time when the
2

heterogeneity was significant. The publication bias was conducted
by the Egger test, Begg test and a macroscopic vision on funnel
plots.[23]P<.05 was considered as statistically significant and
existing potential publication bias, and all P values were 2-sided.
Stratified analyses were performed by population, gender, age,

type of tea, control source, duration of tea intake, study quality
(NOS scores), and population source.
To enable the dose-response analysis, the number of cases and

total participates and ORs with 95% CI estimating for at least 3
quantitative exposure categories from each study were extracted.
If studies did not provide tea intake in terms of cups, 120mL/day
or 50g/day of tea consumption was considered equal to 1cup/day
roughly.[24,25] Themidpoint of tea intake in each category was set
as the dose of tea consumed or duration time of tea intake. If the
highest category was open-ended, the midpoint of the category
was set as 1.5 times the lower boundary. If the lowest category
was open-ended, we set the lowest boundary value at 0.[26] We
assessed the concentrations of tea intake as 4 grades: nondrink-
ing, low level, moderate level, and high-level corresponding to the
given values of 0, 1, 2, and 3, respectively. To drive the dose-
response curve, we used the restricted cubic splines with 4 knots
at the 5%, 35%, 65%, and 95% percentiles of the distribution to
evaluate the potential curvilinear relations of tea intake and oral
cancer risk.[27,28] All statistical analysis was performed using
Stata 12.0 (StataCorp LP, College Station, TX). The ethical
statement is not necessary for this study.
3. Results

3.1. Summary of studies’ characteristics

Figure 1 shows the eligible literature selecting process for themeta-
analysis. Totally, 7596 potential articleswere obtained from initial
search. After automatic excluding duplicated studies within
Endnote, 3112 studies were remained. After screening titles and
abstracts, 2940 studies were excluded. Finally, according to our
inclusive criteria mentioned in Materials andMethods, 14 articles
were identified and included in the meta-analysis.[29–42]

The main characteristics of the included studies are listed in
Table 1. Through eligible literature searching process, 14 case–
control studies[29–42] including 5920 patients and 10553 controls
were selected. Eight of them were performed in Asia,[29–
33,35,38,41] 2 studies were performed in America,[40,42] 3 studies
were conducted in Europe,[34,37,39] and 1 study in Africa.[36]

Three studies separately reported the mean age of participants
<60 or >60 years.[30–32] Eight studies used non-drinkers as
control group,[29–34,37,42] and 6 studies used lowest drinkers as
control group.[35,36,38–41] Four studies investigated the associa-
tion between the tea intake and the risk of oral cancer in
women,[30–32,35] and 3 studies evaluated this association in
men.[30,31,35] Six studies detected the association between green
tea and the risk of oral cancer,[30–33,35,38] 3 studies assessed the
association about black tea,[31,35,38] and 4 studies assessed
the association about oolong tea.[30–33] Seven articles matched
the high criteria of NOS,[30–34,37,38] and 7 researches gained low
scores.[29,35,36,39–42]t
3.2. Overall meta-analysis

Totally, 14 case–control studies containing 5920 patients and
10553 controls were included to evaluate the association between
tea consumption and oral cancer risk. The random effect
model was selected for the significant heterogeneity (P= .018,
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Figure 1. The flow diagram of the literature search, analysis, and selection of studies used in the current meta-analysis.
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I =49.6%). The pooled OR was 0.700 (95% CI=0.609–0.805,
P<.001, Table 2, Fig. 2), which suggested an inverse association
between tea consumption and risk of oral cancer.

3.3. Subgroup analysis

Detailed stratified analysis was performed according to the
categories of area, control source, population source, NOS, age,
gender, and type of tea. Except for subgroup analysis of
American people (OR=1.250, 95% CI=0.797–1.967, P= .329,
Fixed-effect model, Table 2) or black tea (OR=0.940, 95% CI=
0.786–1.125, P= .501, Fixed-effect model, Table 2) suggesting
that tea consumption was not associated with the risk of oral
cancer, other results showed significant inverse relationships
(P<.05) between tea consumption and the risk of oral cancer.
3.4. Dose-response analysis

To determine the dose relationship between tea consumption and
oral cancer risk, a dose-response analysis was performed. Eight
case–control[29–35,40] were collected to assess the dose relation-
ship between dietary tea consumption and the risk of oral cancer.
As shown in Figure 3A, the lowest OR was 0.54 (0.42–0.70) at
the highest dose of 8.75cups/day intake. The linearity test of
dose-response analysis suggested that with increased 1cup/day
tea consumption, the risk of oral cancer decreased 6.2% degree
(OR=0.938, 95% CI=0.922–0.955, P<.001) at an appropriate
3

dose range of 0 to 8.75cups/day. The non-linearity test also
indicated an inverse association between dietary tea intake and
oral cancer risk (P<.001).
Six case–control studies[29–34] were included in the dose-

response analysis to evaluate the duration years of tea intake and
the risk of oral cancer. As shown in Figure 3B, the linearity test of
dose-response analysis suggested that with increased 5 years of
tea consumption, the risk of oral cancer reduced 7.4% (OR=
0.926, 95% CI=0.905–0.948, P<.001). There was a significant
non-linear dose-response relationship between the duration
years of tea intake and the decrease in the risk of oral
cancer (P<.001).
Four case-control studies[30–33] were included in the dose-

response analysis to evaluate the concentration of tea intake and
the risk of oral cancer. As shown in Figure 3C, the linearity (OR=
0.802, 95% CI=0.740–0.870, P<.001) and non-linearity
(P<.001) tests all suggested that with the concentration of tea
consumption increased, the risk of oral cancer decreased.
3.5. Publication bias and sensitivity analysis

Begg test and Egger test were used to evaluate the potential
publication bias of included studies. The Begg test (P= .743) and
Egger test (P= .635) all were not significant which suggested no
significant publication was found in this meta-analysis. In
addition, funnel plots did not show substantial asymmetry
(Fig. 4).
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Table 1

Characteristics of studies included in the current meta-analysis evaluating associations between tea and risk of oral cancer.

Studies Country Year
Sample size
(case/control)

Dose of
tea intake OR (95%CI)

Population
source NOS Adjustment

2017 Yan[29] China 2010–2016 797/1910 Drinking vs no
drinking

0.61 (0.4–0.93) HP 8 Age, gender, education level,
residence, BMI, family history of
cancer, tobacco smoking, alcohol
drinking

2017 Chen[30] China 2010–2016 421/1398 Drinking vs no
drinking

0.73 (0.54–0.97) HP 7 Age, gender, education level, marital
status, residence, body mass index
and denture wearing

2017 Chen[31] China 2010–2015 586/1024 Drinking vs no
drinking

0.61 (0.43–0.88) HB 8 Age, gender, occupation, education,
body mass index, marital status,
residence, family cancer history,
vegetables, alcohol drinking and
fruits

2016 Chen[32] China 2010–2015 207/408 Drinking vs no
drinking

0.50 (0.31–0.80) HB 8 Age, family history of cancer,
occupation, education, body mass
index, residence, and marital
status, tobacco smoking, and
alcohol drinking

2016 Yan[33] China 2010–2016 593/1128 Drinking vs no
drinking

0.54 (0.41–0.71) HB 7 Age, gender, education level, marital
status, residence, smoking, alcohol
drinking, fruits, vegetables and
defective restorer.

2013 Rado[34] France 2001–2007 689/3481 Drinking vs no
drinking

0.7 (0.53–0.92) PB 8 Age, gender, area of residence,
tobacco smoking (duration, quantity
and status), alcohol consumption
(quantity), education level, BMI two
years before the interview and
lifetime cumulative consumption of
tea

2013 Fu[35] China 2007–2010 723/857 Highest drinking vs
lowest drinking

0.86 (0.74–0.98)
∗

HB 6 Age, region, education, smoking and
alcohol drinking

1998 Badawi[36] Egypt N/A 42/40 Highest drinking vs
lowest drinking

0.59 (0.22–1.55) HB 5 N/A

1995 Bundgaard[37] Denmark 1986–1990 161/483 Drinking vs no
drinking

0.90 (0.60–1.40) PB 6 Tobacco and alcohol

1994 Pintos[42] Brazil 1989–1990 378/756 Drinking vs no
drinking

1.19 (0.60–2.40) HB 6 Tabcco, alcohol, income, rural
residency, 10 dietary variables and
consumption of other nonalcohol
beverages

1993 Zheng[48] China 1989 404/404 Highest drinking vs
lowest drinking

0.96 (0.11–1.80) HB 7 Tobacco smoking, alcohol drinking,
inadequate dentition, years of
education, Quetelet Index, sex and
age.

1992 Franceschi[39] Italy 1986–1990 104/726 Highest drinking vs
lowest drinking

0.40 (0.20–0.90) HB 6 Age, area of residence, occupation,
smoking, and alcohol habits

1989 Franco[40] Brazil 1986–1988 232/464 Highest drinking vs
lowest drinking

1.30 (0.80–2.30) HB 6 Age, sex, study site, and admission
period

1987 Notani[41] India 1976–1984 583/217 Highest drinking vs
lowest drinking

0.67 (0.40–1.00) HB 6 Age and tobacco habits

CI= confidence interval, HB=hospital-based, N/A=not available, NOS=New Castle-Ottawa scale, OR= odds ration, PB=population-based.
∗
Data were combined before used in the final analysis.
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The comprehensive (Fig. 5) and subgroup analysis of sensitivity
analysis were performed by omitting 1 study each time
and showed robust and stable results of pooled data in this
meta-analysis.

4. Discussion

Our results of this meta-analysis suggested that increased tea
consumption was associated with a decreased risk of oral cancer.
In addition, dose-response analysis indicated that the risk of oral
cancer reduced continuously with dose, duration time, and
4

concentration of tea consumption increasing. Moreover, the
subgroup analysis of American people and black tea indicated
that tea intake was not associated with the risk of oral cancer.
Tea is a commonly consumed beverage worldwide and more

popular than coffee, wine and carbonated soft drinks.[4]

Polyphenols, the main bioactive molecules in tea, are widely
found in various teas. Catechins are considered as the major
polyphenolic compounds in tea.[4] Among different catechins,
epigallocatechin-3-gallate (EGCG) is the most prevalent and
believed as the main molecule to prevent carcinogenesis. Several
mechanisms are accepted to explain this anti-cancer effect of



Table 2

Comprehensive and stratified analysis of the relationships between risk of oral cancer and tea consumption.

Heterogeneity Test

Overall and subgroup analysis Numbers of studies Pooled OR 95%CI P Q P I2, % Type of Model

Oral Cancer
Total 14 0.700 0.609–0.805 <.001 25.80 .018 49.6 Random

Area
Asia 8 0.661 0.560–0.780 <.001 16.34 .023 57.0 Random
America 2 1.250 0.797–1.967 0.329 0.03 .858 0 Fixed
Europe 3 0.714 0.573–0.891 0.003 3.45 .178 42.0 Fixed

Control Source
Drinking vs. no drinking 8 0.647 0.580–0.723 <.001 7.12 .417 1.7 Fixed
Highest drinking vs. Lowest drinking 6 0.836 0.736–0.950 0.006 8.72 .121 42.7 Fixed

Population Source
HB 12 0.686 0.581–0.809 <.001 22.36 .022 50.8 Random
PB 2 0.754 0.599–0.950 0.017 0.78 .378 0.0 Fixed

NOS
<7 7 0.756 0.594–0.961 0.022 14.99 .020 60.0 Random
≥7 7 0.653 0.571–0.745 <.001 6.15 .406 2.5 Fixed

Age
�60 3 0.686 0.520–0.852 <.001 1.74 .419 0.0 Fixed
>60 3 0.547 0.384–0.709 <.001 2.62 .269 23.8 Fixed

Gender
Male 3 0.838 0.723–0.971 0.019 3.41 .333 11.1 Fixed
Female 4 0.692 0.514–0.931 0.015 15.57 .003 74.6 Random

Type of Tea
Green 6 0.656 0.533–0.808 <.001 11.70 .099 42.3 Random
Black 3 0.940 0.786–1.125 0.501 0.73 .866 0.0 Fixed
Oolong 4 0.567 0.420–0.766 <.001 3.59 .310 16.3 Fixed

CI= confidence interval, HB=hospital-based, NOS=New Castle-Ottawa scale, OR= odds ration, PB=population-based.

Figure 2. Forrest plot showing the relationship between tea intake and the risk of oral cancer.
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EGCG. First, EGCG is found to change the activity of DNA
methyltransferase enzymes and reactivate methylation-silenced
genes in different cancer cells in vivo and in vitro.[43–46] Second, it
was reported that EGCG decreased expression of Class I histone
deacetylases, which increased global acetylation of histone
proteins and suppressed cancer growth.[47,48] Third, EGCG
was certificated to induce cancer cell apoptosis by regulating
several miRNAs expression.[49,50] However, the specific mecha-
nism that tea prevents formation of oral cancer still remains
unclear.
According to the original data from INHANCE, Galeone and

his colleagues reported that tea intake was not associated with the
risk of oral cancer.[14] However, this opinion was opposed by 2
published meta-analysis which considered that tea consumption
was associated with decreased risk of oral cancer.[15,16] In the
present study, our results suggested that tea consumption was
associated with decreased risk of oral cancer. Importantly, the
dose-response analysis also certificated the inverse relationship
and indicated that with every 1 cup of dietary tea intake
increasing, the oral cancer risk decreased 6.2% degree by a
linearity test. To strength, the results, detailed subgroup analysis
was performed. Interestingly, our results showed that increased
tea consumption was not associated with oral cancer risk in
American which suggested that ethnics and gene polymorphism
may have a significant affection on the effect of tea consumption
in oral cancer prevention. In addition, stratified analysis based on
type of tea indicated that black tea consumption was not
associated with oral cancer risk. One possible reason is that most
6

polyphenols of black tea are dimerized due to extended oxidation
with enzymatic reactions and deactivated effect of anti-cancer
during the process of preparation.
Our study has several strengths. First, it is the first dose-

response meta-analysis to evaluate the linearity and non-linearity
relationships at different exposure levels of tea consumption and
oral cancer risk. Second, we analyzed not only the relationship
between drinking tea dose and the risk of oral cancer but also the
links between duration time and concentration of tea intake and
risk of oral cancer by the dose-response method. Finally, detailed
subgroup analysis was performed to investigate the origin of
heterogeneity, which made our results more reliable.
However, some limitations were inevitable in our study. First,

for lack of associated cohort studies, we only included case–
control studies, which may lead some publication bias and
selection bias; Second, we used pooled data (individual data were
not provided) as the final analysis in our meta-analysis, which
prevented the further exact analysis and precise results from
being obtained. Third, although no language restriction was
found in the present meta-analysis, some studies may be missed
because the database searches were limited. Finally, in the dose-
response analysis, we have transformed 120mL/d to 1cup/d
according to previous publication suggestions. However,
this transformation was crude and may result in the inaccuracy
of the last conclusion. Hence, our results should be interpreted
with caution.
In conclusion, the results of our meta-analysis indicated an

inverse association between the tea intake and the risk of oral



Figure 4. Begg’s funnel plot for studies included in the meta-analysis of the relationship between tea intake and oral risk.

Figure 5. Sensitivity analysis of pooled ORs in this meta-analysis. OR=odds ration.
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[20] Li Y, Yang H, Cao J. Association between alcohol consumption and
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cancer. Dose-response analysis suggested that dietary high dose,
long-term and high concentration of tea intake may be associated
with the reduced risk of oral cancer. Finally, our study suggested
more large-scale pooling and high-quality prospective studies are
necessary for detecting the precise relationship between tea intake
and oral cancer risk in the future.
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