
Int J Clin Exp Med 2016;9(2):2688-2697
www.ijcem.com /ISSN:1940-5901/IJCEM0008481

Original Article
Tea consumption reduces the risk of oral  
cancer: a systematic review and meta-analysis
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Abstract: Oral cancer is one of the ten most common cancers in the world. The objective of this meta-analysis was to 
determine the association between tea consumption and risk of oral cancer. A comprehensive literature search was 
performed in PubMed, Embase and reference lists. A meta-analysis was performed by STATA software. Fifteen stud-
ies involving 5,491 oral cancer cases examining the association between tea consumption and risk of oral cancer 
were included. Among all the studies, 12 studies were case-control, and 3 were cohort studies. The relative risks 
(RRs) were pooled using a random-effects model. Relative risks with 95% confidence intervals (CIs) were used in the 
analyses. The pooled RR of included studies between tea drinking and risk of oral cancer was 0.85 (95% CI: 0.75-
0.93). After stratifying by the study designs, a significant inverse association between tea drinking and oral cancer 
risk was observed in both cohort studies (n = 3; RR = 0.81; 95% CI: 0.66-1.0) and the case-control studies (n = 12; 
RR = 0.858; 95% CI: 0.777-0.948). A significant evidence of dose-response relationship was detected between tea 
consumption and oral cancer risk (P < 0.001). Findings from this meta-analysis suggest that tea consumption may 
reduce the risk of oral cancer. Because of the limited number of studies, further high-quality cohort or case-control 
studies are needed studies are needed to explore the protective effect of tea on oral cancer.
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Introduction

Oral cancer is one of the ten most common 
cancers in the world [1]. In the US, an estimat-
ed 40,250 new cases are expected to occur in 
2012. Early stage oral cancer is highly treat-
able, however, most patients do not seek medi-
cal intervention until the cancer developed to 
advanced stage. The early diagnosis of oral 
cancer demonstrated no satisfactory results by 
now [2]. Tobacco smoking and alcohol drinking 
are recognized risk factors of the oral cancer 
[3, 4]. Besides, several lifestyles or dietary fac-
tors, including processed meat consumption 
[5], high fruits and vegetables intake [6], were 
also reported.

Tea is the most popular beverage in the world 
[7]. Tea contains several kinds of antioxidants, 
including flavonoid, catechin, thearubigin and 

theaflavin. The tea drinking behave is reported 
to be associated with the risk of several kinds 
of chronic illness. It has been reported that tea 
drinking could decrease the incidence of type  
2 diabetes mellitus [8] and reduce the blood 
pressure of hypertensive patients [9]. Besides, 
tea consumption has attracted much attention 
for the potential cancer preventive effect for a 
long time. There are lots of studies about the 
effects of the tea extracts on cancer in both 
vitro and in vivo [10, 11]. The tea extract epigal-
locatechin gallate (EGCG) was reported to act 
as a anti-oxidant in the oral cancerous cells 
[12].

However, the epidemiological evidence on the 
association between tea consumption and risk 
of oral carcinoma were contradictory. Meta-
analysis is a useful statistical tool to pool the 
relevant studies together and gain a more pow-
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erful conclusion. Meta-analysis was also used 
in the find potential risk factors of oral cancer. 
For instance, based on a combination of seven 
case-control studies, Petti S et al. found that 
alcohol drinking was inversely associated with 
oral cancer in non-smoking, betel quid non-
chewing subjects [13]. The objectives of  
this meta-analysis were: firstly, quantify the 
effect of tea consumption on the incidence  
of oral cancer by meta-analyzing the existing 
observational studies and provide quantitative 
and high-level evidence; secondly, provide sev-
eral suggestions for the design of following 
advanced studies.

Methods

Search strategy, inclusion criterias

This current meta-analysis was conducted fol-
lowing the guidelines of the Meta-analysis Of 
Observational Studies in Epidemiology (MO- 
OSE) [14] and Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses [15]. In 
August 2013, two authors independently car-
ried a literature search of Medline and EMBASE 
for all relevant papers published. The following 
terms: tea, green tea, black tea, beverages, 
diet in combination with oral cancer, oral carci-
noma were obtained in the literature search. 
The additional articles were retrieved through 
reviewing the reference lists of the relevant 
studies. No language or other restrictions were 
set in the literature search. When the same 
data source was duplicated in different articles, 
only the most recent and suitable one was 
involved in the meta-analysis. The online sup-
plemental materials were reviewed for addi-
tional data. We planned to request more infor-
mation from the investigators, if required data 
in the article was absent.

The articles would be considered when they 
meet the following inclusion criteria: 1) tea con-
sumption and risk of oral cancer was estimat-
ed; 2) a cohort or case-control design was 
obtained; 3) relative risk (RR), odds ratio (OR), 
hazard ratio (HR) with corresponding 95% con-
fidence intervals (CIs) or sufficient data to cal-
culate them were reported.

Data extraction and assessment of study qual-
ity

The data extraction of each article was con-
ducted by two reviewers independently and the 
extracted data was checked again after the 

first extraction. The study characteristics and 
outcomes were extracted and double-checked. 
When both adjusted and unadjusted data were 
reported, only the adjusted data and their CIs 
were recorded. Any discrepancies in the data 
extraction were discussed until consensus was 
reached in final.

The study quality was assessed independently 
by two reviewers using the Newcastle-Ottawa 
scale (NOS) [16]. The NOS was designed for the 
study quality assessment of the observational 
studies. It assessed the selection, comparabil-
ity and exposure or outcome of a case-control 
or cohort study. The maximum of NOS was 9 
stars and records with over 6 stars were regard-
ed as high-quality.

Statistical methods for the meta-analysis

Statistical analysis was conducted with Stata 
software package (version 11.0; Stata Corp., 
College Station, TX). The heterogeneity among 
studies was detected by both χ2 and I2 tests. 
When P value for the heterogeneity < 0.1 or I2 > 
50%, the heterogeneity would be considered 
statistically significant. A fixed-effects model 
was obtained to estimate the pooled effects of 
all the included studies unless the heterogene-
ity among the studies was significant. When 
possible, the adjusted OR, RR or HR that report-
ed in the included studies and the OR was 
obtained to approximate RR in this meta-analy-
sis. When the adjusted data was not reported, 
we calculated unadjusted risk ratio using the 
raw data.

The source of the statistically significant het-
erogeneity was explored by removing the 
included studies one by one. Besides, the sub-
group analyses were also conducted to investi-
gate the possible sources of heterogeneity. The 
factors assessed in the subgroup analyses 
were 1) study design (cohort or case-control 
study design); 2) a prospective or retrospective 
design; 3) a population or hospital based 
design; 4) the study site (Europe, Americas, 
Asia or Africa); 5) different genders (male or 
female) and 6) types of tea (green tea or black 
tea). Initially we intended to investigate the 
dose-response meta-analysis of the tea drink-
ing and risk of oral cancer. However, the data 
extracted from the included studies were varie-
gated; thus a dose-response meta-analysis 
was not able to be conducted in this current 
meta-analysis.
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Sensitivity analyses were performed to detect 
the robustness of the conclusion in this study. 
Two independent methods were obtained. 
Firstly, we obtained a random-effect model to 
estimate the pooled effects of all the included 
studies. Secondly, we excluded the studies with 
a relative lower methodological quality (less 
than 6 scores in NOS) and assess the effect of 
tea consumption and risk of oral cancer.

The potential publication bias was to be exam-
ined by Egger’s test [17]. Considering that over 
10 studies were included in the meta-analysis, 
a visually evaluation of funnel plot was also 
obtained.

Results

Identification and selection of studies

Figure 1 illustrates the flow diagram of the 
study selection process. A total of 5,688 cita-
tions were yielded in the database search 
(2,756 from Pubmed, 2,659 from EMBASE and 

273 additional records from the relevant refer-
ences). After removing 2,881 duplicated arti-
cles, 2,807 citations were identified. After 
screening the titles and reviewing abstracts, 
2,742 articles were deemed irrelevant. The 
remaining 65 full text were obtained and re- 
viewed; and of which 15 articles were included 
in this current meta-analysis [18-32]. Among 
the 50 articles that excluded after reading full 
text, 45 articles didn’t report the relationship 
between tea drinking and risk of oral cancer, 3 
reported the association between tea con-
sumption and risk of oral and pharyngeal can-
cer and 2 studies did present the data not in 
usable format.

Study characteristics and quality

A total of 5,491 oral cancer cases were identi-
fied in this study. The main characteristics of all 
the 15 included studies in the current study are 
presented in Table 1. Among all the studies, 12 
studies were case-control, and 3 were cohort 
studies. All the articles were published from 

Figure 1. Flow chart of the literature search. The literature search was conducted in Medline and EMBASE. The refer-
ence lists of the relevant studies were reviewed as well.
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Table 1. Characteristics of eligible studies

Author Year Study design Site Age 
(year)

Site and No. 
of cancer No. of control Adjustment Gender Stratify and Exposure 

Definition
Mashberg A, 
et al. [18]

1993 Hospital based
Case-control

France 37-80 Oral/Orophar-
ynx 359

2280 age, race, tobacco smoking, and alcohol drinking Male 3; 0, 1-2, > 3 cups/day

Notani PN, 
et al. [19]

1987 Hospital/Population based
Case-control

India < 40~> 60 Oral
278

Hospital 215;
Population 177

age and tobacco habits Male 2, ≥ 2 cups/day vs. < 2 
cups/day

Franceschi 
S, et al. [20]

1992 Hospital based
Case-control

Italy < 75 Tonge 102;
Mouth 104

726 age, area of residence, occupation, smoking, and 
alcohol habits

Male 2, intermediate, low

Pintos J, et 
al. [21]

1994 Hospital based
Case-control

Brizil < 54~> 75 Month 169 756 tabocco, alcohol, income, rural residency, 10 dietary 
variables and consumption of other nonalcohol bever-
ages

M 90.74% 3, never, ≤ 1 cup/d, ≥ 2

Bundgaard 
T,et al. [22]

1995 Population based
Case-control

Denmark < 45~> 75 Oral cavity 
161

400 lifetime consumption of tobacco and alcohol M 61.52% 2, nondrinker, drinker

Zheng W, et 
al. [23]

1996 Population based
Cohort

USA 55-69 Oral 71 35,298 age, education, smoking status, pack-years of smok-
ing, physical activity, fruit and vegetable intake, walst/
hlp ratio, and family history of cancer

Female 4, never, monthly, weekly, 
≥ 1 cup/d

Badawi AF, 
et al. [24]

1998 Hospital based
Case-control

Egypt 47+15 Oral 42 40 NA M 52.43 2, < 3 cup/d, > 3 cup/d

Ide R, et al. 
[25]

2007 Population based
Cohort

Japan 40-79 Oral 37 50184 sex, age; smoking status; alcohol consumption; 
consumption of coffee, consumption of green/yellow 
vegetables, salty foods, and fruits

M 40.92 4, < 1, 1-2, 3-4, > 5 
cups/d

Ren JS, et 
al. [26]

2010 Population based
Cohort

USA 50-71 Oral 392 481,171 age, sex, tobacco smoking, alcohol drinking, BMI, 
education, ethnicity, usual physical activity throughout 
the day, vigorous physical activity and the daily intake 
of fruit, vegetables, red meat, white meat and calories

M 59.97 5, None, < 1 cup/M, 1-3 
cups/M, 1-6 cups/W, ≥ 
1 cup/d

Carlotta 
Galeone, et 
al. [27]

2010 Hospital based
Case-control

Europe 
and USA

18-80 Oral 1130 8931 age, sex, race/ethnicity, education, study, cigarette 
smoking (pack-years), duration of cigar smoking, 
duration of pipe smoking, alcohol intake, weight, and 
vegetable and fruit intake

M 76% 3, Never, ≤ 1, > 1 cup/d

Radoï L, et 
al. [28]

2013 Population based
Case-control

France < 50~> 70 Oral cavity 
689

3481 age, gender, area of residence, tobacco smoking 
(duration, quantity and status), alcohol consumption 
(quantity), education level, BMI two years before the in-
terview and lifetime cumulative consumption of coffee

M 79.1% 3, never, < 1, 1-2, > 2 
cups/d

Fu JY, et al. 
[29]

2013 Hospital based
Case-control

China 50~70 Oral 723 853 age, region, education, smoking and alcohol drinking M 61.75% 3, < 4, 4-7, ≥ 8 cups/W

Franco EL, 
et al. [30]

1989 Hospital based
Case-control

Brazil < 40~> 70 Oral 232 464 age, sex, study site, and admission period M 86.6% 3, < 1, 1-3, > 30 cups/M

Zheng T, et 
al. [31]

1993 Hospital based
Case-control

China 18~80 Oral 404 404 tobacco smoking, alcohol drinking, inadequate denti-
tion, years of education, quetelet index, sex and age

M and F 2, Black, < 1, > 1 cup/d
Green, < 1, ≥ 1 cup/d

Franceschi 
S, et al. [32]

1999 Population based
Case-control

Italy 22-77 Oral/Orophar-
ynx 598

1491 age, centre, sex, education, smoking habit, total 
energy and alcohol intake

M 72.76% 5, 1, 2, 3, 4, 5 cups/w

BMI: body mass index; W: week; M: male.
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1987 to 2013. The prospective study design 
was obtained by 3 studies among all the includ-

ed studies. Six studies were conducted in 
Europe, four in the Americas, four in the Asia 

Table 2. Quality assessment of included studies
Quality assessment criteria

Author Study design Selection Comparability Outcome/exposure Overall quality
Mashberg A, et al. [18] Case-control ** *** ** 7
Notani PN, et al. [19] Case-control ** * ** 5
Franceschi S, et al. [20] Case-control *** *** ** 8
Pintos J, et al. [21] Case-control *** * ** 6
Bundgaard T, et al. [22] Case-control * ** ** 5
Zheng W, et al. [23] Cohort *** *** ** 8
Badawi AF, et al. [24] Case-control *** ** *** 5
Ide R, et al. [25] Cohort *** ** ** 7
Ren JS, et al. [26] Cohort ** *** ** 7
Carlotta Galeone, et al. [27] Case-control *** *** ** 8
Radoï L, et al. [28] Case-control ** ** ** 6
Fu JY, et al. [29] Case-control *** ** ** 7
Franco EL, et al. [30] Case-control *** ** ** 7
Zheng T, et al. [31] Case-control ** ** * 5
Franceschi S, et al. [32] Case-control ** ** *** 7
The study quality was assessed independently by two reviewers using the Newcastle-Ottawa scale (NOS).

Figure 2. Forest plot of the association between tea consumption and risk of oral cancer. The size of the shaded 
square is proportional to the percent weight of each study. The horizontal lines represent 95% CIs. The diamond 
data markers indicate the pooled ORs. A random-effect model was obtained.
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and one in Africa. The age, gender distribution, 
categories of tea consumption, and adjust-
ments of confounding factors of each study 
was presented.

All the included studies were cohort or case-
control studies. For the case-control study, the 
NOS were obtained to assess the selection, 
comparability and exposure, while the selec-
tion, comparability and outcome for the cohort 
study. All the scores of each part in the evalua-
tion of all the studies were displayed in Table 2. 
Twelve studies (80%) were of relative high qual-
ity (score ≥ 6 stars) according to the NOS stan-
dards. The mean NOS score was 6.53 stars 
(standard deviation: 1.23).

Tea consumption and risk of oral cancer

As shown in Figure 2, the meta-analysis of all 
the included studies revealed a statistically sig-
nificant inverse association between tea con-
sumption and oral cancer risk (n = 15; RR: 
0.85, 95% CI: 0.75-0.93) comparing the high-
est and lowest level of tea consumption. After 
stratified by the study designs, a significant 
adverse association between tea drinking and 
oral cancer risk was observed in both cohort 
studies (n = 3; RR = 0.81; 95% CI: 0.66-1.0) 
and the case-control studies (n = 12; RR = 
0.858; 95% CI: 0.777-0.948). In the prospec-
tive and retrospective studies, inverse associa-
tions between tea intake and risk of oral cancer 
were identified (Prospective: n = 4; RR = 0.78; 

95% CI: 0.65-0.94; Retrospective: n = 11; RR = 
0.872; 95% CI: 0.79-0.97). In the 7 population-
based studies, the RR for the tea drinking and 
risk of oral cancer was 0.76 (95% CI: 0.59-
0.99). For the 8 hospital-based studies, the RR 
of oral cancer for the tea drinking was 0.76 
(95% CI: 0.59-0.99). When the study site distri-
butions of the included studies were consid-
ered, significant inverse associations between 
tea intake and oral cancer incidence were 
detected in Europe (n = 6; RR = 0.73; 95% CI: 
0.55-0.96) and in Asia (n = 4; RR = 0.88; 95% 
CI: 0.78-0.99); however, nonsignificant associa-
tions were detected in the Americas (n = 4; RR 
= 0.904; 95% CI; 0.75-1.09) and in the Africa (n 
= 1; RR = 0.586; 95% CI: 0.22-1.55). A signifi-
cant inverse association was detected in the 
female group (n = 3; RR = 0.86; 95% CI = 0.75-
0.98) but not the male group (n = 5; RR = 0.95; 
95% CI: 0.87-1.03). When stratified by types  
of tea, the green tea drinking was inversely 
associated with the risk of oral cancer (n = 4; 
RR = 0.81; 0.68-0.97), while the black tea was 
not associated with the oral cancer incidence 
(n = 2; RR = 0.954; 95% CI: 0.79-1.15). All the 
results of the subgroup analysis were present-
ed in Table 3.

The heterogeneity was not significant when all 
the 15 studies were pooled in the meta-analy-
sis (I2, 22.9%; P = 0.20). In the subgroup analy-
ses of studies in the Europe, the heterogeneity 
was statistically significant. Subgroup analyses 

Table 3. Subgroup analysis of tea consumption and risk of oral cancer with combined RR

Subgroups No. of 
studies

Summary 
Effect 95% CI P

Study Heterogeneity
I2 P for heterogeneity

Study design Cohort 3 0.81 0.66-0.99 0.045 14.50% 0.310
Case-control 12 0.86 0.78-0.95 0.003 29.40% 0.157

Designs Prospective 4 0.78 0.65-0.94 0.008 14.20% 0.321
Retrospective 11 0.87 0.79-0.967 0.008 26 0.009

Data source Population 7 0.76 0.59-0.99 0.042 54.50% 0.404
Hospital 8 0.87 0.77-0.98 0.017 3.40% 0.404

Site Europe 6 0.73 0.55-0.96 0.024 49.5 0.078
Americas 4 0.90 0.75-1.09 0.299 0 0.445

Asia 4 0.88 0.78-0.99 0.033 0 0.432
Africa 1 0.59 0.22-1.55 0.283 - -

Gender Male 5 0.95 0.87-1.03 0.199 45 0.188
Female 3 0.86 0.75-0.98 0.02 0 0.539

Type of tea Green 4 0.81 0.68-0.97 0.019 0 0.508
Black 2 0.95 0.79-1.15 0.613 0 0.628

RR: relative risk; CI: confidence interval.
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by study design, gender and type of tea demon-
strated no significant results.

Dose-response meta-analysis

We assessed the dose-response relationship 
between tea consumption and the risk of oral 
cancer. We found obvious evidence of statisti-
cally significant association of dose of tea 
drinking and risk of oral cancer (P < 0.001). A 
one cup of tea consumption increment per day 
conferred a RR of 0.94 (95% CI, 0.89-0.97; 
Figure 3).

Sensitivity analysis and publication bias

Two independent methods were obtained for 
the sensitivity analysis. When the random-
effects model was obtained, tea drinking was 
inversely associated with the incidence of oral 
cancer (OR = 0.84, 95% CI: 0.74-0.94). After 
excluding the articles with a relative lower qual-
ity (less than 6 stars of NOS in this study) and  
a significant association was detected as well 
(OR = 0.85; 95% CI: 0.77-0.93). No significant 
heterogeneity was detected in any sensitivity 
analyses.

Publication bias was not detected by the funnel 
plot in the meta-analysis of the 15 studies. The 
Egger’s test method showed that no publica-
tion bias was detected (P = 0.433).

green tea drinking was inversely associated 
with the risk of oral cancer (n = 4; RR = 0.81; 
0.68-0.97), while the black tea was not associ-
ated with the oral cancer incidence. It should 
be not that all the subgroup analyses result 
showed prospective effects, even the effect 
isn’t significant in the subgroups mentioned 
above. No significant heterogeneity was detect-
ed when all the 15 studies were pooled in  
the meta-analysis. No publication bias was 
detected in this meta-analysis either. The 
results of the sensitivity analysis suggest that 
the conclusions of this study were quite robust.

Oral cancer is now a more and more serious 
problem in many areas of the globe. It affects 
the life quality of the patients with oral cancer, 
especially the advanced cases. Oral cancer 
screening, which was regarded helpful in the 
early detection of oral cancer, was not common 
in some areas in the world [33]. By now, the evi-
dence of the benefit from oral cancer screening 
is still limited [2]. It is important to detect the 
harmful or protective factors for the oral cancer 
and it will help to conduct the primary preven-
tion. The realization of the relationship between 
the modifiable epidemiological factors and inci-
dence of oral cancer would provide a more 
effective strategy for the cancer prevention in 
the future.

Tea, which is popular among the whole world,  
is regarded as a potential anti-cancer sub-

Figure 3. Dose-response relation between tobacco smoking and relative 
risks of Barrett’s esophagus progression. Lines with short dashes repre-
sent the pointwise 95% confidence intervals for the fitted nonlinear trend 
(solid line). Lines with long dashes represent the linear trend.

Discussion

A total of 5,491 oral cancer 
cases were identified in this 
study. The result of this current 
meta-analysis indicated that 
tea consumption was inversely 
associated with incidence of 
oral cancer. Meanwhile, this 
result was demonstrated in the 
most subgroup analyses by 
study design, study site, differ-
ent genders and types of tea. 
However, the studies conduct-
ed in the Americas and Africa 
showed that tea drinking  
wasn’t associated with oral 
cancer significantly. When only 
the male group was consid-
ered, an insignificant associa-
tion was detected. When strati-
fied by the types of tea, the 
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stance. Tea consumption is regarded as proac-
tive of several kinds of cancer [34, 35]. In this 
meta-analysis, we found that tea consumption 
is inversely associated with oral cancer. This 
result supports the conclusions of several pre-
vious studies. In 1999, Franceschi S et al. con-
ducted a case-control study with 598 cases 
and 1,491 controls involved, who drink tea 
more than 5 servings per week was in lower 
risk of cancer (OR = 0.6; 95% CI = 0.4-0.9) [32]. 
Radoï L et al. conducted a population based 
case-control study with face-to-face interviews 
and standardized questionnaires in 2013, an 
inverse associations between oral cavity can-
cer and tea consumption was observed (OR = 
0.39; 95% CI: 0.21-0.70) [28]. When the sub-
group analyses stratified by the study designs 
was conducted, the inverse associations bet- 
ween oral cancer and tea consumption was 
detected in both case-control and cohort stud-
ies. As we know, the cohort study design could 
avoid the potential recall bias and would pro-
vide more credible conclusions. A consistent 
result is obtained in both the case-control and 
cohort studies and it suggests that the result of 
this meta-analysis is quite credible.

However, the studies conducted in the Ameri- 
cas and Africa showed that tea drinking wasn’t 
associated with oral cancer. The geographical 
differences, the diet diversity and ethnic and 
genetic disparity are the possible reasons. 
Besides, the relatively small number of studies 
included in the subgroup analyses (4 in the 
Americas and 1 in the Afica) might lead to the 
instability of the conclusions. When only the 
male group was considered, an insignificant 
association was detected. It suggested the dif-
ferent effects of tea consumption on the oral 
cancer incidence in male and female. This 
interesting find needed to be further investigat-
ed. When stratified by types of tea, only the 
green tea drinking was inversely associated 
with the risk of oral cancer. Interestingly, this 
results is similar in an independent meta-anal-
ysis investigating the association between 
green and black tea consumption and risk of 
esophageal cancer risk [36]. Zheng JS et al. 
conducted a meta-analysis involving 24 case-
control and cohort studies with 7376 esopha-
geal cancer cases. The data showed that green 
tea consumption, but not black tea consump-
tion is protective for the esophageal cancer. 
Tea is mainly grouped into green tea and black 

tea and they are the same thing proceeded by 
different methods. Considering only the green 
tea is protective for the oral cancer, we guess 
that the process of the black tea decreased the 
anti-cancer content in the tea. Besides, the  
differences of life style and dietary factors 
between green and black tea drinkers might 
produce certain effects.

Tea, which is usually a hot beverage, would 
modify the incidence of oral cancer through 
besides the tea itself. It was reported that hot 
beverages was strongly associated with a high-
er risk of esophageal cancer in a cohort study 
[37]. In a prospective cohort study conducted 
by Ren JS et al., the effects of both iced and hot 
tea on the oral cancer incidence were investi-
gated [26]. Though 2,584,953 person-years 
follow-up on 481,563 subjects, neither the 
iced tea (HR = 0.89; 95% CI = 0.67-1.19) or  
hot tea (HR = 0.75; 95% CI: 0.53-1.06) con-
sumption was associated the incidence of oral 
cancer. The advanced studies are required in 
this potential important issue.

This is, to our best knowledge, the first meta-
analysis involving the relationship between tea 
consumption and risk of oral cancer. There are 
some strengths of this work. In this current 
meta-analysis, no significant heterogeneity was 
detected. Through two independent methods, 
the publication bias wasn’t significant. The re- 
sults of the sensitivity analysis suggest that the 
conclusions of this study were quite robust. 
These above results demonstrated that the 
conclusions of this meta-analysis were quite 
persuasive. Besides, a comprehensive litera-
ture search and advanced detailed consulting 
the relevant references make the potential logi-
cal articles included.

Despite these advantages mentioned above, 
some limitations of the current meta-analysis 
should be acknowledged. First, the definitions 
of the controls were not uniformly defined. Both 
the patients without oral cancer and health 
participants were obtained as the controls in 
the included studies. This would produce poten-
tial misclassification bias. Secondly, even the 
categories of tea consumption are reported in 
each study; however, the data were varied and 
broad. Thus, we were unable to determine the 
dose-response association between tea con-
sumption and oral cancer. Third, a meta-analy-
sis of observational data tends to have more 
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biases than meta-analysis of randomized clini-
cal trials. However, considering that as a etiol-
ogy exploring nature of this study, the pooled 
results of the observational studies would also 
provide certain improvement of the knowledge 
of oral cancer development.

In conclusion, tea consumption would decrease 
the risk of oral cancer. The stratifying analyses 
showed that green tea but not black tea was 
inversely associated with oral cancer. The fol-
lowing large-sample and well-designed studies 
are required to confirm conclusions in this 
meta-analysis.
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