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Abstract: Objective: Quantification of the association between the coffee consumption and risk of oral cancer is 
still conflicting. Thus, we conducted a meta-analysis to summarize the evidence from epidemiological studies of 
coffee consumption with the risk of oral cancer. Methods: Pertinent studies were identified by a search of PubMed 
and Web of Knowledge to March 2015. The random effect model was used. Sensitivity analysis and publication 
bias were conducted. Results: Data from 12 studies including 4,037 oral cancer cases and 1,872,231 participants 
were used in this meta-analysis. Pooled results suggested that highest coffee consumption amount versus lowest 
amount was significantly associated with the risk of oral cancer [summary relative risk (RR) = 0.694, 95% CI = 
0.543-0.886, I2 = 65.0%]. The association was also significant in Europe [summary RR = 0.571, 95% CI = 0.378-
0.863], but not in America. No publication bias was found. Conclusions: Our analysis suggested that the higher 
coffee consumption might reduce the risk of oral cancer, especially in Europe.
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Introduction

Oral cavity cancer, comprising cancer of tongue, 
buccal mucosa, upper or lower gingival, floor of 
mouth and hard palate, represents the eighth 
most frequent cancer worldwide [1]. It is a seri-
ous problem in many parts of the world [2], 
mainly due to its low survival rate [3] and poor 
life quality [4, 5], especially for advanced oral 
cancer cases. Thus, primary prevention is im- 
portant. Many studies have shown that oral 
cancer is associated with genetic factors [6, 7]. 
Furthermore, many environmental factors such 
as tobacco smoking and alcohol drinking [8] 
can also affect the incidence of oral cancer.

The recent meta-analysis had suggested that 
higher tea consumption may have a protective 
effect on oral cancer, especially in green tea 
consumption [9]. Coffee and tea are the mo- 
st favorite beverages in people’s lives. Coffee 
contains a variety of anitoxidants, polyphenols, 
and other biologically active compounds that 
may help to protect against development or 
progression of cancer [10, 11]. Besides, coffee 
is considered to help protect against cancers 
through the activity of its anticarcinogenic con-

stituents [12, 13]. Up to date, a number of epi-
demiologic studies have been published to 
explore the relationship between coffee con-
sumption and oral cancer risk. However, the 
results are not consistent. Therefore, we con-
ducted a meta-analysis to (1) first assess the 
oral cancer risk for the highest vs. lowest cate-
gories of coffee consumption; (2) assess the 
heterogeneity among studies and publication 
bias.

Methods

Search strategy 

Studies were identified using a literature sear- 
ch of PubMed and Web of Knowledge throu- 
gh March 2015 and by hand-searching the ref-
erence lists of the retrieved articles. The key 
search terms were ‘coffee’, or ‘caffeine’, or ‘di- 
et’, or ‘lifestyle’ for exposure factors, and ‘oral 
cancer’, or ‘oral oncology’ for outcome factors. 
Two investigators searched articles and re- 
viewed all the retrieved studies independen- 
tly. Disagreements between the two investiga-
tors were resolved by consensus with a third 
reviewer.
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Study selection 

For inclusion, studies had to fulfill the follow- 
ing criteria: (1) have a prospective or case-con-
trol study design; (2) coffee consumption was 
the independent variable of interest; (3) the 
dependent variable of interest was oral cancer; 
(4) relative risk (RR) or odds ratio (OR) with a 
95% confidence interval (CI) was provided (or 
data available to calculate them). If data were 
replicated in more than one study, we includ- 
ed the study with the largest number of cases. 
Accordingly, the following exclusion criteria we- 
re also used: (1) reviews; (2) repeated or over-
lapped publications.

Data extraction

Two researchers independently extracted the 
following data from each study that met the cri-
teria for inclusion: the first author’s last name, 
year of publication, geographic locations, study 
design, sample source, the age range of study 
participants, the number of cases and partici-
pants, and RR (95% CI) for coffee consumpti- 
on and oral cancer risk. From each study, we 
extracted the RR that reflected the greatest 
degree of control for potential confounders. If 

identification of the exposure and the outcomes 
of study participants (0-3 points). We assigned 
scores of 0-3, 4-6, and 7-9 for low, moderate, 
and high quality of studies, respectively.

Statistical analysis

The pooled measure was calculated as the inver- 
se variance-weighted mean of the logarithm of 
RR with 95% CI, to assess the association 
between coffee consumption and oral cancer 
risk. Random-effects model was used to co- 
mbine study-specific RR (95% CI), which consid-
ers both within-study and between-study varia-
tion [14]. The I2 was used to assess heteroge-
neity, and I2 values of 0, 25, 50 and 75% 
represent no, low, moderate and high heteroge-
neity [15], respectively. Meta-regression with 
restricted maximum likelihood estimation was 
performed to assess the potentially important 
covariates that might exert substantial impact 
on between-study heterogeneity [16]. Publi- 
cation bias was evaluated using Egger regres-
sion asymmetry test [17]. A study of influence 
analysis [18] was conducted to describe how 
robust the pooled estimator was to removal of 
individual studies. An individual study was sus-

Figure 1. The flow diagram of screened, excluded, and analyzed publications.

there was disagreement be- 
tween the two investigators 
about eligibility of the data, it 
was resolved by consensus 
with a third reviewer.

Quality assessment

The quality of studies was 
examined and controlled in 
accordance with checklists of 
Preferred Reporting Items for 
Systematic reviews and Meta- 
Analyses for randomized tri-
als (PRISMA). To determine 
the quality score of included 
studies, two reviewers inde-
pendently performed the 
quality assessment by using 
the Newcastle-Ottawa Scale, 
which is a validated scale for 
non-randomized studies in 
meta-analyses. The Newca- 
stle-Ottawa Scale is a nine-
point scale that allocates 
points based on the selection 
process of cohorts (0-4 po- 
ints), the comparability of 
cohorts (0-2 points), and the 
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Table 1. Characteristics of studies between coffee consumption and oral cancer

Author (year) Country Study design Quality 
score

Participants (case); 
age range

Coffee amount 
(cups/day) RR (95% CI) Adjustment for covariates or match for

Bundgaard et al. 1995 Denmark Case-control 7 561 (161) No-drinker 1 Adjust for lifetime consumption of tobacco 
and alcohol.45-75 drinker 1.4 (0.4-4.5)

Franceschi et al. 1992 Italy Case-control 6 830 (104) Low 1 Adjust for age, area of residence, occupation, 
smoking, and alcohol habits.≤ 75 intermediate 0.7 (0.4-1.2)

high 0.3 (0.2-0.6)
Franco et al. 1989 Brazil Case-control 7 696 (232) ≤ 1 1 Adjust for age, sex, study site, and admission 

period.NA 2-5 1.1 (0.7-1.8)
≥ 6 1.5 (0.9-2.6)

Hildebrand et al. 2012 United States Prospective 8 968432 (868) Never 1 Adjusted for age, sex, race, education, body 
mass index, alcohol use, smoking, vegetable 
intake, and intake of the other beverages as 
shown.

≥ 30 < 1 0.85 (0.44-1.61)
1-2 0.80 (0.51-1.24)
3-4 0.68 (0.44-1.07)
> 4 0.58 (0.37-0.92)

Mashberg et al. 1993 United States Case-control 6 991 (62) 0 1 Adjust for age, race, tobacco smoking, and 
alcohol drinking.NA 1-2 0.7 (0.3-1.4)

3-4 0.7 (0.3-1.6)
≥ 5 0.6 (0.3-1.3)

Pintos et al. 1994 Brazil Case-control 6 507 (169) ≤ 1 1 Matched for age, sex and admission period. 
Adjust for tobacco, alcohol, rural residency, 
dietary, consumption of other nonalcoholic 
beverages.

NA 2 0.72 (0.4-1.4)
3 1.21 (0.6-2.7)

≥ 4 0.68 (0.3-1.4)
Radoi et al. 2013 France Case–control 7 4170(689) Never 1 Adjust for age, gender, area of residence, 

tobacco smoking, alcohol consumption, and 
education level, BMI and lifetime cumulative 
consumption of tea.

≤ 75 < 2 0.69 (0.39-1.23)
2-3.9 0.52 (0.33-0.99)
≥ 4 0.62 (0.36-1.07)

Ren et al. 2010 United States Prospective 8 481563 (392) < 1 1 Adjust for age, sex, tobacco, alcohol, BMI, 
education, ethnicity, physical activity, and the 
daily intake of fruit, vegetables, red meat, 
white meat, and calories.

50-71 1 1.07 (0.78-1.48)
2-3 0.85 (0.65-1.11)
> 3 0.85 (0.62-1.16)

Rodriguez et al. 2004 Italy Case-control 7 435 (137) 0 1 Adjust for sex, age and study centre, and 
adjusted for education, marital status, body 
mass index, tobacco and alcohol consump-
tion.

≤ 46 1 0.74 (0.29-1.90)
2 0.35 (0.14-0.86)

≥ 3 0.25 (0.10-0.59)
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Takezaki et al. 1996 Japan Case-control 6 21902 (150) Low 1 Adjust for age, sex, smoking, drinking and 
year of visit.20-79 intermediate 0.8 (0.5-1.4)

high 0.9 (0.6-1.4)
Tavani et al. 2003 Italy Case-control 7 2520 (748) ≤ 1 1 Adjust for terms for centre, age, sex, educa-

tion, tobacco smoking, alcohol drinking, and 
intake of fruit and vegetables.

Switzerland ≤ 80 1-2 0.9 (0.7-1.2)
2-3 0.9 (0.7-1.2)
≥ 3 0.6 (0.5-0.9)

Tverdal et al. 2011 Norway Prospective 8 389624 (325) 1-4 1 Adjusted for sex, daily smoking, body mass 
index and education.40-45 5-8 1.12 (0.88-1.44)

≥ 9 0.96 (0.68-1.36)
NA: not available.
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pected of excessive influence if the point esti-
mate of its omitted analysis lay outside the 
95% CI of the combined analysis. All statistical 
analyses were conducted with STATA version 
12.0 (StataCorp LP, College Station, Texas, 
USA). Two-tailed p-value ≤ 0.05 was accepted 
as statistically significant.

Results

Search results and study characteristics

The search strategy identified 84 articles from 
PubMed and 98 from the Web of Knowledge, 
and 37 articles were reviewed in full after 

from Norway, 1 from Japan and 1 from French. 
The characteristics of these studies are pre-
sented in Table 1. The quality of studies was 
generally good, with results of study quality 
assessment yielded a score of 6 or above for all 
included studies, with an average score of 
6.92.

High versus low analyses

Data from 12 studies including 4,037 pancre-
atic cancer cases were used in this meta-anal-
ysis. Four studies reported that coffee con-
sumption could reduce the risk of oral cancer, 

Figure 2. The forest plot between highest versus lowest categories of coffee consumption and oral cancer risk.

Table 2. Summary risk estimates of the association between coffee 
consumption and oral cancer risk

Subgroups
No. 

(cases)
No. 

studies Risk estimate (95% CI)
Heterogeneity test

I2 (%) P-value
All studies 4037 12 0.694 (0.543-0.886) 65.0 0.001
Study design
    Prospective 1585 3 0.809 (0.623-1.049) 34.8 0.216
    Case-control 2452 9 0.649 (0.459-0.916) 69.0 0.001
Geographic locations
    America 1723 5 0.808 (0.579-1.127) 51.1 0.085
    Europe 2164 6 0.571 (0.378-0.863) 73.2 0.002

reviewing the title/abstract. 
Twelve articles [19-30] (3 
prospective studies and 9 
case-control studies) involv-
ing 4,037 oral cancer cases 
and 1,872,231 participants 
were used in this meta-analy-
sis after reviewed in full arti-
cles. The detailed steps of 
our literature search are 
shown in Figure 1. Three 
studies come from Italy, 3 
from United States, 2 from 
Brazil, 1 from Denmark, 1 
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while no significant association was reported in 
8 studies. Pooled results suggested that high-
est coffee consumption versus lowest amount 
was significantly associated with the risk of oral 
cancer [summary RR = 0.694, 95% CI = 0.543-
0.886, I2 = 65.0%] (Figure 2).

In stratified analysis by study design, the asso-
ciation was found in the case-control studies 
[summary RR = 0.649, 95% CI = 0.459-0.916], 
but not in the prospective studies. In subgroup 
analyses for geographic locations, highest cof-
fee consumption level versus lowest level was 
significantly associated with the risk of oral 
cancer in Europe [summary RR = 0.571, 95% CI 
= 0.378-0.863], but not in the America. The 
detailed results are summarized in Table 2.

Sources of heterogeneity and meta-regression

As seen in the pooled results, moderate to high 
heterogeneity (I2 = 65.0%, Pheterogeneity = 0.001) 
was found in the analysis. In order to explore 
the moderate to high between-study heteroge-
neity founded in the pooled results, univariate 
meta-regression with the covariates of publica-

tion year, location where the study was con-
ducted, study design (case-control or prospec-
tive), and number of cases were performed. No 
significant findings were found in the above-
mentioned analysis.

Influence analysis and publication bias

Influence analysis showed that no individual 
study had excessive influence on the associa-
tion of coffee consumption and oral cancer risk 
(Figure 3). Egger’s test (P = 0.556) showed no 
evidence of significant publication bias between 
coffee consumption and oral cancer risk.

Discussion

Finding from this meta-analysis suggested that 
the higher coffee consumption could reduce 
the risk of oral cancer. The associations were 
also found in subgroups of Europe and case-
control studies for coffee consumption and oral 
cancer risk.

Coffee contains multiple biologically active 
compounds that may help to lower the risk of 
developing and/or dying from cancer [31]. In 

Figure 3. Analysis of influence of individual study on the pooled estimate in coffee consumption and oral cancer risk. 
Open circle, the pooled RR, given named study is omitted. Horizontal lines represent the 95% CIs.
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addition to caffeine, the polyphenol caffeic acid 
and 2 coffee-specific diterpenes, cafestol and 
kahweol, have been studied and found in vitro 
and in animals to protect against oxidative DNA 
damage, promote apoptosis, or have antiprolif-
erative activity [32, 33]. As one of the most 
widely consumed beverages in the world, cof-
fee and its effects on human health are of con-
siderable interest. Although some health condi-
tions will preclude the consumption of any 
caffeinated beverages on a regular basis, our 
results contribute to the body of research sug-
gesting that there may be beneficial effects to 
coffee, and its daily enjoyment.

Between-study heterogeneity is common in 
meta-analysis because of diversity in design 
quality, population stratification, characteris-
tics of the sample, publication year, variation of 
the covariates, etc [34]. For coffee consump-
tion with the risk of oral cancer, high between-
study heterogeneity was found in the pooled 
results. Thus, meta-regression we used to ex- 
plore the causes of heterogeneity for covari-
ates. However, no covariate had significant im- 
pact on between-study heterogeneity for the 
above mentioned covariates. Considering the 
pooled meta-analysis was fraught with the 
problem of heterogeneity, subgroup analyses 
by the type of study design and location where 
the study conducted were performed to explo- 
re the source of heterogeneity. However, the 
between-study heterogeneity persisted in so- 
me subgroups, suggesting the presence of ot- 
her unknown confounding factors. Oral cancer 
is a complex etiology and pathophysiology dis-
ease generated by the combined effects of 
genes and environment factors. Thus, other ge- 
netic and environment variables, as well as 
their possible interaction, may well be potential 
contributors to the heterogeneity observed.

As a meta-analysis of published studies, our 
findings showed some advantages. First, large 
number of cases and participants were includ-
ed, allowing a much greater possibility of rea- 
ching reasonable conclusions between coffee 
consumption and oral cancer risk. Second, no 
significant publication bias was found, indicat-
ing that our results are stable. However, there 
were some limitations in this meta-analysis. 
First, significant association was only found in 
the case-control studies, but not in the pro-
spective studies. A meta-analysis of observa-
tional studies is susceptible to potential bias 

inherent in the original studies, especially for 
case-control studies. Overstated association 
may be expected from the case-control studies 
because of recall or selection bias, and early 
symptoms in patients may have resulted in a 
change in dietary habits. Therefore, more stud-
ies with prospective design are wanted in the 
future studies while only 3 studies included in 
this meta-analysis were prospective design. 
Second, for the subgroups of geographic loca-
tions, the association was significant only in the 
Europe, but not in the America. And only one 
study come from Japan. Due to this limitation, 
the results are applicable to Europe, but cannot 
be extended to populations elsewhere. More 
studies originating in other countries are re- 
quired to investigate the association between 
coffee consumption and oral cancer risk. Third, 
between-study heterogeneity was found in the 
pooled analysis, but the between-study hete- 
rogeneity was not successfully explained by the 
subgroup analysis and meta-regression. How- 
ever, other genetic and environment variables, 
as well as their possible interaction may be 
potential contributors to this disease-effect un- 
conformity. Fourth, Tavani et al. [29] found that 
different coffee beverages (caffeinated, decaf-
feinated and coffee) have different effects on 
oral cancer risk. However, few studies reported 
separate effect estimates for caffeinated, de- 
caffeinated and coffee intake. Therefore, we 
did not perform the subgroup analyses accord-
ing the species of coffee beverages. Further 
studies should be conducted to examine the 
effect of different coffee beverages on oral 
cancer risk.

In summary, results from this meta-analysis 
suggested that the higher coffee consumption 
might reduce the risk of oral cancer, especially 
in Europe.
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