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Abstract: Objectives: Epidemiological studies evaluating the association of tea consumption and the risk of thyroid 
cancer risk have produced inconsistent results. Thus, we conducted a meta-analysis to assess the relationship be-
tween tea consumption and thyroid cancer risk. Methods: Pertinent studies were identified by a search in PubMed 
and Web of Knowledge. The random effect model was used based to combine the results. Publication bias was 
estimated using Egger’s regression asymmetry test. Results: Finally, 11 articles with 14 studies (2 cohort studies 
and 12 case-control studies) involving 2,955 thyroid cancer cases and 106,447 participants were included in this 
meta-analysis. The relative risk (95% confidence interval) of thyroid cancer for the highest versus the lowest cat-
egory of tea consumption was 0.774 (95% CI = 0.619-0.967), and the associations were also significant in Europe 
and America, but not in the Asia. No publication bias was found. Conclusions: Our analysis indicated that higher tea 
consumption may have a protective effect on thyroid cancer, especially in Europe and America.
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Introduction

The worldwide age-standardized incidence of 
thyroid cancer is 1.5 per 100,000 person-years 
for men and 4.7 for women, accounting for 
approximately 1% of all new cancer cases [1]. 
Although the incidence is relatively low, thyroid 
cancer is a major form of malignant neoplasm 
in women under 45 years of age [2]. 
Consumption of such dietary items as fish, veg-
etables, and beverages (such as tea) is sus-
pected to be associated with thyroid cancer 
risk, but no conclusive evidence is available 
[3-5].

Tea, which is derived from the leaves of the 
plant Camellia sinensis, is one of the most pop-
ular beverages consumed worldwide, and gen-
erally the most consumed are black tea and 
green tea. Evidence from laboratory studies 
strongly showed the inhibition of tumorigenesis 
by tea and its constituents [6, 7]. Up to date, a 
number of epidemiologic studies have been 
published to explore the relationship between 
tea consumption and thyroid cancer risk. 
However, the results are not consistent. 
Therefore, we conducted a meta-analysis to (1) 

first assess the thyroid cancer risk for the high-
est vs. lowest categories of tea consumption; 
(2) assess the heterogeneity among studies 
and publication bias.

Methods

Search strategy

We performed a literature search up to April 
2015 using the databases of PubMed and Web 
of Knowledge. The following search terms were 
used: ‘tea’, or ‘diet’, or ‘lifestyle’ for exposure 
factors, and ‘thyroid cancer’, or ‘thyroid oncolo-
gy’ for outcome factors. Moreover, we reviewed 
the reference lists from retrieved articles to 
search for further relevant studies. Two investi-
gators searched articles and reviewed of all 
retrieved studies independently. Disagreements 
between the two investigators were resolved by 
consensus with a third reviewer.

Inclusion criteria

All relevant studies reporting the association of 
tea and thyroid cancer risk were considered for 
inclusion. The inclusion criteria were as follows: 
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(1) case-control or cohort study; (2) the expo-
sure of interest was variety of tea consumption; 
(3) the outcome of interest was thyroid cancer; 
(4) results including relative risk (RR) or odds 
ratio (OR) and its 95% confidence intervals (CI), 
or providing us with sufficient information to 
calculate them. Accordingly, the following exclu-
sion criteria were also used: (1) reviews and (2) 
repeated or overlapped publications.

Data extraction

The following data were collected from all stud-
ies independently by two investigators: the 
design type (case-control study or cohort 
study), the first author’s last name, publication 
year, location where the study was performed, 
sample size and number of cases, RR esti-
mates (we presented all results with RR for sim-
plicity) with corresponding 95% CI for the high-
est versus lowest categories of tea and thyroid 
cancer, respectively. For studies that reported 
results from various covariate analyses, we 
abstracted the estimates based on the model 
that included the most potential confounders. 
If there was disagreement between the two 
investigators about eligibility of the data, it was 
resolved by consensus with a third reviewer.

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 
inverse variance-weighted mean of the loga-
rithm of RR with 95% CI, to assess the associa-
tion between tea consumption and thyroid can-
cer risk. Random-effects model was used to 
combine study-specific RR (95% CI), which con-
siders both within-study and between-study 
variation [10]. The I2 was used to assess het-
erogeneity, and I2 values of 0, 25, 50 and 75% 
represent no, low, moderate and high heteroge-
neity [11], 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 [12]. Publi- 
cation bias was evaluated using Egger regres-
sion asymmetry test [13]. A study of influence 
analysis [14] was conducted to describe how 
robust the pooled estimator was to removal of 
individual studies. An individual study was sus-
pected of excessive influence if the point esti-
mate of its omitted analysis lay outside the 
95% CI of the combined analysis. All statistical 

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

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) [8]. To deter-
mine the quality score of 
included studies, two review-
ers independently performed 
the quality assessment by 
using the Newcastle-Ottawa 
Scale, which is a validated 
scale for non-randomized 
studies in meta-analyses [9]. 
The Newcastle-Ottawa Scale 
is a nine-point scale that allo-
cates points based on the 
selection process of cohorts 
(0-4 points), the comparabili-
ty of cohorts (0-2 points), and 
the identification of the expo-
sure and the outcomes of 
study participants (0-3 
points). We assigned scores 
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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 246 articles from 
PubMed and 364 from the Web of Knowledge, 
and 52 articles were reviewed in full after 
reviewing the title/abstract. One article [15] 
reported the green tea consumption and thy-
roid cancer risk for females and males respec-
tively, and one article [16] reported three variet-
ies of tea consumption for thyroid cancer. So, 
11 articles [15-25] with 14 studies (2 cohort 
studies and 12 case-control studies) involving 
2,955 thyroid cancer cases and 106,447 par-
ticipants were used in this meta-analysis after 
reviewed in full articles. The detailed steps of 
our literature search are shown in Figure 1. 
Four studies come from Greece, 3 from United 
States, 2 from Norway, 2 from Japan, 1 from 
Italy, 1 from Sweden and 1 from China. The 
characteristics of these studies are presented 
in Table 1.

High versus low analyses

Data from 14 studies including 2,955 thyroid 
cancer cases were used in this meta-analysis. 
Only 2 studies reported that tea consumption 

could reduce the risk of thyroid cancer, while no 
significant association was reported in 12 stud-
ies. Pooled results suggested that highest tea 
consumption versus lowest amount was signifi-
cantly associated with reduced the risk of thy-
roid cancer [summary RR=0.774, 95% CI = 
0.619-0.967, I2 = 36.5%] (Figure 2). 

In stratified analysis by study design, the asso-
ciation was found in the case-control studies 
[summary RR = 0.747, 95% CI = 0.574-0.972], 
but not in the cohort studies. In subgroup anal-
yses for geographic locations, highest tea con-
sumption level versus lowest level was signifi-
cantly associated with reduced the risk of thy-
roid cancer in Europe [summary RR = 0.765, 
95% CI = 0.575-0.981] and America [summary 
RR = 0.602, 95% CI = 0.390-0.928], but not in 
the Asia. When we conducted the subgroup 
analysis by sources of control, the association 
was significant in the population-based con-
trols [summary RR = 0.761, 95% CI = 0.580-
0.998], but not in the hospital-based controls. 
The detailed results are summarized in Table 2.

Sources of heterogeneity and meta-regression

As seen in the pooled results, low to moderate 
heterogeneity (I2 = 36.5%, Pheterogeneity = 0.084) 
was found in the analysis. In order to explore 
the low to moderate between-study heteroge-
neity founded in the pooled results, univariate 
meta-regression with the covariates of publica-

Table 1. Characteristics of studies between tea consumption and thyroid cancer risk

Author (year) Country Study design Quality score Participants (case) Age range RR (95% CI) for highest 
vs. lowest category

D’Avanzo et al. (1995) Italy HCC 6 1016 (399) ≤ 75 1.13 (0.82-1.56)

Galanti et al. (1997) Norway PCC 7 312 (116) 18-75 1.16 (0.51-2.65)

Glattre et al. (1993) Norway HCC 7 552 (92) 20-59 1.33 (0.61-2.90)

Hallquist et al. (1993) Sweden PCC 6 540 (180) 20-70 0.93 (0.59-1.48)

Kolonel et al. (1990) United States PCC 7 632 (191) ≥18 0.75 (0.52-1.08)

Linos et al. (1989) Greece HCC 7 141 (70) Na 0.76 (0.43-1.33)

Mack et al. (2002) United States PCC 6 584 (292) 15-54 0.3 (0.1-1.0)

Michikawa et al. (2011) Japan Cohort 8 100507 (159) 40-69 Females: 0.91 (0.56-1.48)

Males: 0.71 (0.22-2.28)

Preston-Martin et al. (1987) United States PCC 7 220 (110) 15-40 0.51 (0.25-1.03)

Preston-Martin et al. (1993) China PCC 7 414 (207) 18-54 1.00 (0.25-4.03)

Riza et al. (2015) Greece HCC 6 1529 (1139) 42.8 Chamomile tea

0.25 (0.10-0.62)

Sage tea

0.34 (0.09-1.21)

Mountain tea

0.55 (0.21-1.41)
Abbreviations: Na: not available; PCC: population-based case-control study; HCC: hospital-based case-control study; BMI: body mass index.
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tion year, location where the study was con-
ducted, study design (case-control or cohort), 
sources of control (population-based or hospi-
tal-based) and number of cases were per-
formed. No significant findings were found in 
the above-mentioned analysis.

cer. The associations were also found in Europe 
and America for tea consumption and thyroid 
cancer risk.

Previous research in vitro and in vivo has sug-
gested that tea polyphenols provide protective 

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

Table 2. Summary risk estimates of the association between tea 
consumption and thyroid cancer risk

Subgroups No. 
(cases)

No. 
studies

Risk estimate  
(95% CI)

Heterogene-
ity test I2 (%) 

P-value
All studies 2955 14 0.774 (0.619-0.967) 36.5 0.084
Study design
    Prospective 159 2 0.877 (0.560-1.374) 0.0 0.701
    Case-control 2796 12 0.747 (0.574-0.972) 45.7 0.042
Geographic locations
    Europe 1996 8 0.805 (0.575-1.127) 51.3 0.045
    America 593 3 0.602 (0.390-0.928) 27.9 0.250
    Asia 366 3 0.888 (0.580-1.361) 0.0 0.915
Sources of control
    Population-based 1096 6 0.761 (0.580-0.998) 11.1 0.344
    Hospital-based 1700 6 0.699 (0.431-1.133) 64.2 0.016

Influence analysis and publi-
cation bias

Influence analysis showed 
that no individual study had 
excessive influence on the 
association of tea consump-
tion and thyroid cancer risk 
(Figure 3). Egger’s test (P = 
0.148) showed no evidence of 
significant publication bias 
between tea consumption 
and thyroid cancer risk.

Discussion

Finding from this meta-analy-
sis suggested that the higher 
tea consumption could re- 
duce the risk of thyroid can-
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effects against several types of cancer [26-28]. 
Meta-analysis has suggested that a favorable 
effect of green tea consumption and risk of 
lung cancer [29]. Significant associations were 
also found in esophageal cancer among female 
with green tea consumption [30, 31]. A meta-
analysis had reported that tea consumption 
might be the protective factor for prostate can-
cer [32]. Furthermore, tea consumption could 
reduce the oral cancer risk [33]. In our study, 
the results are consistent with these 
meta-analyses. 

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 reach-
ing reasonable conclusions between tea con-
sumption and thyroid 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, as a meta-analysis of observational stud-
ies, it was prone to biases (eg, recall and selec-
tion bias) inherent in the original studies. 

Cohort studies are less susceptible to bias than 
case-control studies because, in the prospec-
tive design, information on exposures is col-
lected before the diagnosis of the cancer. 
Although the results of the meta-regression 
showed no evidence of significant heterogene-
ity between subgroups, summary association 
estimates was different in subgroup analyses 
by study design. It is possible that a small num-
ber of cohort studies were included and the 
relations reported by case-control studies may 
have been overstated as a result of recall or 
interviewer bias. Thus, more large studies, 
especially prospective studies, are warranted 
in the future. Second, for the subgroups of geo-
graphic locations, the associations were signifi-
cant only in the Europe and America, but not in 
the Asia. And only 3 studies with 366 cases 
were conducted in Asia. Due to this limitation, 
the results are applicable to Europe and 
America, but cannot be extended to popula-
tions elsewhere. More studies originating in 
other countries are required to investigate the 
association between tea consumption and thy-
roid cancer risk. Third, low to moderate 

Figure 3. Analysis of influence of individual study on the pooled estimate in tea consumption and thyroid cancer risk. 
Open circle, the pooled RR, given named study is omitted. Horizontal lines represent the 95% CIs. 



Association of tea and thyroid cancer risk

14350 Int J Clin Exp Med 2015;8(8):14345-14351

between-study heterogeneity was found in the 
pooled analysis, but the between-study hetero-
geneity was not successfully explained by the 
subgroup analysis and meta-regression. 
However, other genetic and environment vari-
ables, as well as their possible interaction may 
be potential contributors to this disease-effect 
unconformity.

In summary, results from this meta-analysis 
suggested that the higher tea consumption 
might reduce the risk of thyroid cancer, espe-
cially in Europe and America.
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