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Purpose
The purpose of this study was to assess whether alcohol intake is associated with the risk
of thyroid cancer by a meta-analysis of observational studies.

Materials and Methods

We searched PubMed and EMBASE in June of 2015 to locate eligible studies. We included
observational studies such as cross-sectional studies, case-control studies, and cohort stud-
ies reporting odd ratios (ORs) or relative risk (RRs) with 95% confidence intervals (Cls).

Results

We included 33 observational studies with two cross-sectional studies, 20 case-controls
studies, and 11 cohort studies, which involved a total of 7,725 thyroid cancer patients and
3,113,679 participants without thyroid cancer in the final analysis. In the fixed-effect model
meta-analysis of all 33 studies, we found that alcohol intake was consistently associated
with a decreased risk of thyroid cancer (OR or RR, 0.74; 95% Cl, 0.67 to 0.83; [°’=38.6%).
In the subgroup meta-analysis by type of study, alcohol intake also decreased the risk of
thyroid cancer in both case-control studies (OR, 0.77; 95% Cl, 0.65 to 0.92; 1>=29.5%; n=20)
and cohort studies (RR, 0.70; 95% Cl, 0.60 to 0.82; 1>=0%; n=11). Moreover, subgroup
meta-analyses by type of thyroid cancer, gender, amount of alcohol consumed, and method-
ological quality of study showed that alcohol intake was significantly associated with a
decreased risk of thyroid cancer.

Conclusion
The current meta-analysis of observational studies found that, unlike most of other types
of cancer, alcohol intake decreased the risk of thyroid cancer.

Key words
Thyroid neoplasms, Alcohol drinking, Case-control studies,
Cohort studies, Meta-analysis

Introduction

According to the World Cancer Report 2014 published by
the World Health Organization’s International Agency for
Research on Cancer, thyroid cancer is among the less fre-
quent malignancies, being ranked eighth in world cancer
incidence based on major organs affected by cancer for
women [1]. However, its incidence has rapidly increased,
nearly doubling during the past decade [2,3]. While the rea-
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sons for this increase remain unclear, it has been reported
that it could be due to more sensitive diagnostic tools and
frequent screenings for thyroid cancer using thyroid ultra-
sound [3,4].

Overall, the causes of thyroid cancer are not fully estab-
lished. The only proven risk factor for developing thyroid
cancer is exposure to radiation, particularly in childhood
[5,6]. Possible risk factors are a history of benign thyroid nod-
ules/adenoma or goiter, iodine intake, obesity, smoking, and
alcohol consumption [7-9]. Among these risk factors, smok-
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ing is a well-known risk factor for developing most cancers.
However, a recent meta-analysis of 31 observational studies
reported that smoking is associated with a decreased risk of
thyroid cancer [10].

Moreover, previous observational studies have reported
an association between alcohol intake and the risk of thyroid
cancer. However, those findings remain inconsistent. In 2003,
a pooled analysis of 14 case-control studies found that there
was a significant trend of reduced thyroid cancer risk that
was not found after adjustment for smoking [11], whereas a
pooled analysis of five prospective cohort studies published
in 2012 reported an inverse association between alcohol con-
sumption and risk of thyroid cancer [12].

The current study was conducted to investigate the asso-
ciation between alcohol intake and risk of thyroid cancer
using a meta-analysis of observational studies such as cross-
sectional, case-control and cohort studies.

Materials and Methods

1. Literature search

We searched PubMed (1970 to May 2015) and EMBASE
(1987 to May 2015) for eligible studies using common key-

words related to alcohol intake and the risk of thyroid cancer.
The keywords for literature search were as follows: “alco-

hol,” “thyroid cancer,” and “cross-sectional study,” “case-
control study,” or “cohort study.”

2. Selection criteria

We included observational studies such as case-control
studies and prospective or retrospective cohort studies that
investigated the association between alcohol intake and the
risk of thyroid cancer, reporting outcome measures with
adjusted odds ratios (ORs) or relative risk (RRs) and 95%
confidence intervals (CIs). If data were duplicated or shared
in more than one study, the first published study or most
comprehensive study was included in the analysis. The lan-
guage of publication was restricted to English.

3. Selection of relevant studies

Two of the authors (S.-H.H. and H.SK.) independently
evaluated the eligibility of all studies retrieved from the data-
bases based on the pre-determined selection criteria. Disa-
greements between evaluators were resolved by discussion.
We extracted the following data from studies included in the
final analysis: study name (along with the name of the first
author and year of publication), type of study design, coun-
try, study period (years), population (age, sex), definitions of

PubMed (n=162) and EMBASE (n=51)

|dentified studies from the databases using the keywords and the bibliographies of relevant articles (n=213):

Excluded with duplicates (n=28) \

-

‘ Articles after excluded duplicates (n=185)

Excluded according to selection criteria (n=140) ‘

-

‘ Articles reviewed including the full text (n=45)

v

Excluded articles (n=29)
Shared an identical population (n=3)
Insufficient data (n=9)
Studies with no available data for outcome measures (n=5)
Review article (n=3)
Not relevant (n=9)

v

Observational studies included in the final analysis from 16 articles (n=33)

Fig. 1. Flow diagram of identification of relevant studies.
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Table 1. Continued

Xhaard et al
(2014) [28]
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cancer, education,

and irradiation of the neck

0.46 (0.29-0.73) None

All types of Current drinker

467 cases and

United 2013

Retrospective

Stansifer et al.

vs. never drinker

thyroid cancer

255 controls

States

case-control
study

(2015) [29]

(men and women,

>18 yr)

OR, odd ratio; RR, relative risk; CI, confidence interval; BMI, body mass index; CT, computed tomography.

alcohol use (highest vs. lowest category), OR/RR with 95%
CI, and adjustments of variables.

4. Assessment of methodological quality

We assessed the methodological quality of included stud-
ies based on the Newcastle-Ottawa Scale (NOS) for assessing
the quality of case-control studies and cohort studies in meta-
analyses [13]. The star system of the NOS ranged from 0 to 9
and consisted of three subscales: selection of studies, compa-
rability, and exposure. In the current study, we considered a
study awarded more than a mean score of each study type
to be a high-quality study because criteria for quality of a
study have not been established. Two pooled studies [11,12]
with 14 case-control studies, five cohort studies and a cross-
sectional study were excluded from this assessment of
methodological quality because no required information for
the methodological assessment of each study was provided.

5. Main and subgroup analyses

We investigated the association between alcohol intake
(highest use vs. lowest use) and risk of thyroid cancer using
adjusted ORs or RRs with 95% ClIs for the main analysis. We
also performed subgroup analyses based on type of thyroid
cancer, gender, region of study population (America, Asia,
and Europe), amount of alcohol consumed, type of alcohol,
methodological quality, and type of study design (case-con-
trol or cohort studies).

6. Statistical analyses

To calculate a pooled OR or RR with 95% CI, we used
adjusted ORs or RRs and 95% Cls reported in individual
articles whenever possible. We evaluated heterogeneity in
results across studies using Higgins, which measures the per-
centage of total variation across studies [14]. I was calculated
as follows:

P=100%x(Q-df)/Q,

where, Q is Cochran’s heterogeneity statistic and df is the
degrees of freedom. Negative values of I? are set at zero; I?
lies between 0% (no observed heterogeneity) and 100% (max-
imal heterogeneity). An I* value greater than 50% was con-
sidered to indicate substantial heterogeneity.

When substantial heterogeneity was not observed, the
pooled estimate calculated based on the Fixed-effect model
was reported using Woolf's method (inverse variance
method). When substantial heterogeneity was observed, the
pooled estimate calculated based on the random-effects
model was reported using the DerSimonian and Laird



Seung-Hee Hong, Effect of Alcohol Intake on Risk of Thyroid Cancer

ORor R (95% CI)?'  Weight (%)
1996 Takezaki = 0.70(0.30-1.50) 173
2000 Rossing . 0.90 (0.50-1.40) 4.24
2001 Iribarren 0.95(0.30-3.02) 0.84
2003 Mack (14 studies) i 0.90(0.70-1.10) 21.98
2005 Navarro Silvera 0.84(0.44-1.58) 2.75
2007 Nagano .. 0.59(0.35-1.01) 4.00
2007 Guignard . 0.64(0.22-1.88) 0.98
2009 Allen . 0.54(0.31-0.92) 379
2009 Meinhold _— 0.57(0.36-0.89) 5.48
2010 Meinhold —_— et 0.86 (0.54-1.39) 5.02
2011 Han 0.61(0.44-0.86) 10.00
2012 Kabat - 0.66 (0.44-1.01) 6.50
2012 Kitahara (5 studies) 0.72(0.58-0.90) 23.26
2013 Choi —~— 1.89(1.08-3.32) 356
2014 Xhaard 1.20(0.30-4.50) 0.61
2015 Stansifer —_ 0.46 (0.29-0.73) 5.27
Overall (12=38.6%) <> 0.74 (0.67-0.83) 100.00

0.2 05

—_

Fig. 2. Association between alcohol intake and risk of thyroid cancer in a fixed-effect model meta-analysis of observational
studies (n=33) [11,12,16-29]. OR, odds ratio; RR, relative risk; CI, confidence interval. *Fixed-effect model.

method [15].

We also examined publication bias regarding the studies
included in the final analysis using Begg’s funnel plot and
Egger’s test. If publication bias exists, the Begg’s funnel plot
is asymmetrical or the p-value is less than 0.05 by Egger’s
test. Statistical analyses were conducted using the Stata SE
ver. 12.1 software package (StataCorp., College Station, TX).

Results

1. Identification of relevant studies

Fig. 1 shows a flow diagram of how relevant studies were
identified. A total of 213 articles were identified by searching
PubMed and EMBASE. We excluded 28 duplicated articles
and an additional 140 articles that did not satisfy the selection
criteria. The full texts of the remaining 45 articles were
reviewed, and 29 additional articles were for the reasons

shown in Fig. 1. The remaining 16 articles [11,12,16-29] were
included in the final analysis.

2. General characteristics of studies

We identified a total of 33 observational studies with two
cross-sectional studies, 20 case-control studies, and 11 cohort
studies from 16 articles, which included 7,725 thyroid cancer
patients among 3,113,679 participants. Table 1 shows the
general characteristics of the studies in the final analysis. The
included studies were performed in the United States (n=15),
Sweden (n=3), Japan (n=3), Korea (n=2), Norway (n=2),
Canada (n=1), French Polynesia (n=1), Greece (n=1), Italy
(n=1), New Caledonia (n=1), Switzerland (n=1), and the
United Kingdom (n=1). The mean age was 48.5 years (range,
10 to 89 years), and 74% of the study participants were
women. The enrolment period for participants across studies
ranged between 1964 and 2013, and the follow-up periods in
the cohort studies ranged from 7.2 to 23 years.

VOLUME 49 NUMBER 2 APRIL2017 539
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OR or RR (95% CI)?  Weight (%)
Case-control studies (n=20)
1996 Takezaki o 0.70(0.30-1.50) 1.73
2000 Rossing 0.90 (0.50-1.40) 424
2003 Mack (14 studies) 0.90 (0.70-1.10) 21.98
2007 Nagano 0.59(0.35-1.01) 4.00
2007 Guignard i 0.64 (0.22-1.88) 0.98
2014 Xhaard 1.20(0.30-4.50) 0.61
2015 Stansifer _._ 0.46 (0.29-0.73) 5.27
Subtotal (12=29.5%) <> 0.77 (0.65-0.92) 38.81
Cohort studies (n=11)
2001 Iribarren e 0.95(0.30-3.02) 0.84
2005 Navarro Silvera i 0.84 (0.44-1.58) 2.75
2009 Allen I 0.54(0.31-0.92) 3.79
2009 Meinhold 0.57 (0.36-0.89) 5.48
2010 Meinhold _._ 0.86 (0.54-1.39) 5.02
2012 Kabat 0.66 (0.44-1.01) 6.50
2012 Kitahara (5 studies) 0.72 (0.58-0.90) 23.26
Subtotal (1>=0.0%) 0.70 (0.60-0.82) 47.64
Cross-sectional studies (n=2)
2011 Han _._ 0.61(0.44-0.86) 10.00
2013 Choi . 1.89(1.08-3.32) 3.56
Subtotal (12=91.3%) g 0.82 (0.62-1.09) 13.56
Overall (1=38.6%) <> 074(067-083)  100.00

02 05

—

Fig. 3. Association between alcohol intake and risk of thyroid cancer in a fixed-effect model meta-analysis by type of study
[11,16-29]. OR, odds ratio; RR, relative risk; CI, confidence interval. ®Fixed-effect model.

3. Alcohol intake and risk of thyroid cancer

Fig. 2 shows the effect of alcohol intake on the risk of thy-
roid cancer in the meta-analysis of all studies. Alcohol intake
(highest vs. lowest intake) was significantly associated with
decreased risk of thyroid cancer in a fixed-effect model meta-
analysis of all 33 observational studies (OR or RR, 0.74; 95%
CIL, 0.67 to 0.83; 1>=38.6%). As shown in Fig. 3, in the subgroup
meta-analysis by type of study, alcohol intake also decreased
the risk of thyroid cancer in both case-control studies (OR,
0.77;95% CI, 0.65 to 0.92; 1>=29.5%; n=20) and cohort studies

540 CANCER RESEARCH AND TREATMENT

(RR, 0.70; 95% CI, 0.60 to 0.82; I>=0%; n=11), but not in cross-
sectional studies (OR, 0.82; 95% CI, 0.62 to 1.09; I’=91.3%;
n=2). There was no publication bias in the 33 studies (Begg's
funnel plot was symmetric; Egger’s test, p for bias=0.97)
(Fig. 4).

4. Methodological quality of studies
Table 2 shows the methodological quality of studies

included in the final analysis based on the NOS. The quality
scores ranged from 4 to 9, with an average score of 6.3 for
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Log OR or RR

Egger’s test: p for bias=0.97

_2 T T T T
0 0.2 0.4 06 0.8

SE of log OR or RR

Fig. 4. Begg’s funnel plots and Egger’s test for identifying
publication bias in meta-analysis of trials. OR, odds ratio;
RR, relative risk; SE, standard error.

case-control studies and 6.5 for cohort studies. The high-
quality studies (score of 7 or higher) included two case-con-
trol studies and three cohort studies.

5. Subgroup meta-analyses

Table 3 summarizes the results from the subgroup meta-
analyses based on several factors. In the subgroup meta-
analyses by type of thyroid cancer, sex, and amount of
alcohol consumed, alcohol intake was significantly associ-
ated with a decreased risk of thyroid cancer. The subgroup
meta-analyses by geographic region showed that alcohol
intake was associated with a decreased risk of thyroid cancer
in the American region (OR or RR, 0.70; 95% CI, 0.60 to 0.81;
>=0%; n=12), but not in the European (OR or RR, 0.60; 95%
CI, 0.36 to 1.00; I*=13.1%; n=2) or Asian regions (OR or RR,
0.82;95% CI, 0.48 to 1.42; 1>=76.3%; n=4).

Moreover, subgroup meta-analyses by methodological
quality of study indicated that alcohol intake decreased the
risk of thyroid cancer in both high-quality studies (OR or RR,
0.64; 95% C1, 0.50 to 0.82; I>=0%; n=5) and low quality studies
(OR or RR, 0.68; 95% CI, 0.55 to 0.85; 1>=6.7%; n=7).

Tables 4 and 5 show the findings from the subgroup meta-
analyses based on various factors within each study design
(case-control study and cohort study). Overall, subgroup
meta-analyses of cohort studies by various factors indicated
that alcohol intake significantly decreased the risk of thyroid
cancer, whereas those of case-control studies indicated that
alcohol intake decreased the risk of thyroid cancer, although
this decrease was not statistically significant.

Discussion

1. Summary of the main findings

In this meta-analysis, we found that there was an inverse
association between alcohol intake and the risk of thyroid
cancer. Moreover, overall, alcohol intake was associated with
a decreased risk of thyroid cancer in the subgroup meta-
analyses by type of thyroid cancer, sex, amount of drink, and
methodological quality of study. In the subgroup meta-
analyses by various factors within each study design, alcohol
intake consistently showed a significantly decreased risk of
thyroid cancer in both case-control and cohort studies, but a
non-significantly decreased risk in cross-sectional studies.

2. Possible biological mechanisms responsible for the main
findings

There are several biological mechanisms that may explain
the inverse association between alcohol intake and the risk
of thyroid cancer observed in our meta-analysis. First, alco-
hol intake may have a protective effect on developing thy-
roid cancer by decreased levels of thyroid-stimulating
hormone (TSH). TSH made by the pituitary gland is a well-
established growth factor for thyroid nodules, and it is
known that higher serum TSH levels are associated with
higher rates of thyroid cancer [30]. An animal study demon-
strated that chronic alcohol exposure reduces the responsive-
ness of the hypo-thalamic-pituitary-thyroid axis to central
stimulation [31]. Moreover, many cross-sectional and longi-
tudinal studies have reported that a blunting of the plasma
TSH response in the thyrotropin releasing hormone stimu-
lation test was consistently observed in patients of alcohol
dependence compared to healthy people [32]. Another bio-
logical mechanism is that alcohol has a direct toxic effect on
thyroid cells and reduces thyroid volume [33,34], which
might lead to a decreased risk of thyroid cancer. However, a
cross-sectional study found an increasing dose-response
association between alcohol intake and the risk of thyroid
enlargement [35].

3. Strengths and weaknesses of the current meta-analysis
relative to other studies

To the best of our knowledge, this study is the most com-
prehensive meta-analysis of observational studies on the
association between alcohol intake and the risk of thyroid
cancer. Many epidemiological observational studies have
reported inconsistent findings on this issue. In 2003, Mack et
al. [11] conducted a pooled analysis of 14 case-control studies
that indicated alcohol intake was associated with a reduced
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Table 2. Continued

risk of thyroid. However, after adjustment for smoking, the
reduced risk was not maintained. In 2012, a pooled analysis
of five prospective cohort studies from the United States
revealed that alcohol intake of more than seven drinks per
week was inversely associated with the risk of thyroid cancer
after adjustment for smoking [12]. Our meta-analysis
involved 14 additional observational studies with cross-sec-
tional, case-control, cohort studies as well as 20 case-control
and cohort studies from those two pooled analyses. Four
additional case-control studies have been conducted since
the pooled analysis by Mack et al. [11] was published, most
of which reported a protective effect of alcohol intake against
the risk of cancer. Conversely, Xhaard et al. [28] showed an
increased risk of thyroid cancer, although this increase was
not significant. In the present study, a meta-analysis of 11
cohort studies (including six cohort studies published indi-
vidually and five cohort studies from a pooled analysis)
indicated that alcohol intake decreased the risk of thyroid
cancer. Given that a cohort study generally shows a higher
level of evidence than a case-control study, we believe that
the results of the meta-analysis of cohort studies are more
reliable than those from the meta-analysis of case-control
studies.

When we performed subgroup meta-analyses by various
factors, alcohol intake was consistently associated with a
decreased risk of thyroid cancer, regardless of the type of
thyroid cancer, sex, and amount of alcohol consumed. Even
though alcohol intake had no association with thyroid cancer
risk in the subgroup meta-analyses by study region (Euro-
pean and Asian regions), type of alcohol (wine, beer, or
liquor), or methodological quality of study (low-quality stud-
ies), it is considered that those findings are attributable to the
relatively small number of studies included in the analysis.

The subgroup meta-analyses by various factors within
each study design showed that alcohol intake was consis-
tently associated with a significantly decreased risk of thy-
roid cancer in both case-control and cohort studies, but a
non-significantly decreased risk in cross-sectional studies.
The non-significant findings in cross-sectional studies are
also thought to be due to the small numbers of studies in the
subgroup meta-analysis.

Choi et al. [27] conducted a study in Korea that showed an
apparent increased risk of thyroid cancer in drinkers, unlike
the other studies. We do not have any clear explanation for
this finding. However, it should be noted that the study con-
ducted by Choi et al. [27] had several limitations. Specifically,
they determined whether respondents consumed alcohol
simply based on asking “drinking or not,” not the amount of
alcohol consumed. Moreover, they used a cross-sectional
design, which is generally considered to provide a lower
level of evidence than case-control studies or cohort studies.
Conversely, a recent case-control study conducted in Korea

Meinhold Meinhold Kabat
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given for the comparability category, ¥Two pooled studies [11,12] with 14 case-control studies and five cohort studies and a cross-sectional study were excluded

from this assessment of methodological quality because no required information for the methodological assessment of each study was provided.
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Table 3. Association between alcohol intake and risk of thyroid cancer in subgroup meta-analyses

No. of

Factor

studies
33

All [11,12,16-19]
Type of cancer
All types of thyroid cancer [11,12,18,19,22-29]
Papillary thyroid cancer [17,19,23,26]
Papillary or follicular thyroid cancer [16,19-21]
Sex
Female [16,17,19-26]
Male [20,21,23-25]
Region
America [12,17-19,23,24,26,29]
Europe [22,28]
Asia [16,21,25,27]
Amount of alcohol consumed (vs. never or rarely drink)
<1-2 Drinks/wk [11,12,17,20,22-24,26]
1-6 Drinks/wk [12,17,20,22-24,26]
7-14 Drinks/wk [11,12,17,20-24,26,29]
> 14 Drinks/wk [11,18,22,23]
Type of alcohol
Wine [11,23]
Beer [11,23]
Wine and beer [11]
Liquor [23]
Methodological quality
High quality [19-22,26]
Low quality [16-18,23,24,28,29]

29
4
4

10
)

12

25
11
27
17

15
15
14

)
7

Summary OR or RR Heterogeneity,

(95% CI) 2 (%) Model used

0.74 (0.67-0.83) 38.6 Fixed-effect
0.74 (0.62-0.89) 52.3 Random-effects
0.70 (0.55-0.91) 0 Fixed-effect
0.68 (0.48-0.96) 0 Fixed-effect
0.71 (0.60-0.84) 0 Fixed-effect
0.57 (0.39-0.82) 0 Fixed-effect
0.70 (0.60-0.81) 0 Fixed-effect
0.60 (0.36-1.00) 13.1 Fixed-effect
0.82 (0.48-1.42) 76.3 Random-effects
0.89 (0.82-0.97) 0 Fixed-effect
0.83 (0.76-0.92) 15.5 Fixed-effect
0.75 (0.67-0.83) 15.0 Fixed-effect
0.80 (0.67-0.96) 30.2 Fixed-effect
0.95 (0.76-1.19) 0 Fixed-effect
0.63 (0.34-1.16) 66.3 Random-effects
0.90 (0.70-1.10) NA Fixed-effect
1.02 (0.68-1.53) NA Fixed-effect
0.64 (0.50-0.82) 0 Fixed-effect
0.68 (0.55-0.85) 6.7 Fixed-effect

OR, odd ratio; RR, relative risk; CI, confidence interval; NA, not applicable.

reported that acute high-dose alcohol intake (151 g or more
per event or on a single occasion) and long-term intake of
alcohol for 31 or more years are associated with an increased
risk of differentiated thyroid cancer [36]. Overall, further
prospective studies are warranted to confirm the association
between heavy drinking and the risk of thyroid cancer.

It should be noted that our study has several limitations.
First, definitions for one drink of alcohol in each study
included in the analysis were not identical. For example,
Allen et al. used the total number of alcoholic drinks contain-
ing about 10 g of alcohol to categorize study participants into
five groups [22], whereas Kitahara et al. [12] considered one
drink to be equal to 14 g of alcohol. However, this discrep-
ancy in the definitions for one drink would not lead to seri-
ous bias in our main findings on the association between
alcohol intake and the risk of thyroid cancer. We were also
not able to explain the exact reasons for the decreased risk of
thyroid cancer associated with alcohol intake because we
only included observational studies. Although we described
possible mechanisms previously in the discussion section,
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further research is required to confirm these potential mech-
anisms. Moreover, we have limited information regarding
alcohol intake during follow-up in cohort studies because
information was collected only at one specific baseline point
in time. Finally, due to a paucity of information in individual
studies, we were unable to investigate the effects of alcohol
intake on the risk of thyroid cancer according to types of
alcohol beverages.

Conclusion

In conclusion, we found that alcohol intake was signifi-
cantly associated with a decreased risk of thyroid cancer in
the meta-analysis of observational epidemiological studies
such as cross-sectional, case-control, and cohort studies.
Moreover, cohort studies with a higher level of evidence con-
sistently indicated this association. However, our findings
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Table 4. Association between alcohol intake and risk of thyroid cancer in subgroup meta-analyses of case-control studies

No.of  Summary OR or RR Heterogeneity,

Factor Model used

studies (95% CI) I (%)

All [11,16,17,20,21,28,29] 20 0.77 (0.65-0.92) 29.5 Fixed-effect
Type of cancer

All types of thyroid cancer [11,28,29] 16 0.72 (0.41-1.25) 71.1 Random-effects

Papillary thyroid cancer [17] 1 0.90 (0.50-1.40) NA Fixed-effect

Papillary or follicular thyroid cancer [16,20,21] 0.62 (0.41-0.94) 0 Fixed-effect
Sex

Female [16,17,20,21] 4 0.84 (0.59-1.19) 0 Fixed-effect

Male [20,21] 2 0.35 (0.12-1.03) 0 Fixed-effect
Region

America [17,29] 2 0.64 (0.33-1.23) 72.4 Fixed-effect

Asia [16,21] 2 0.62 (0.40-0.97) 0 Fixed-effect

Europe [28] 1 1.20 (0.30-4.50) NA Fixed-effect
Amount of alcohol consumed (vs. never or rarely drink)

< 1-2 Drinks/wk [11,17,20] 16 0.80 (0.68-0.93) 25.1 Fixed-effect

1-6 Drinks/wk [17,20] 2 0.54 (0.39-0.75) 0 Fixed-effect

7-14 Drinks /wk [11,17,20,21,29] 18 0.72 (0.52-0.98) 53.5 Random-effects

> 14 Drinks/wk [11] 14 0.90 (0.70-1.10) NA Fixed-effect
Methodological quality

High quality [20,21] 2 0.60 (0.37-0.96) 0 Fixed-effect

Low quality [16,17,28,29] 4 0.65 (0.48-0.89) 33.5 Fixed-effect

OR, odd ratio; RR, relative risk; CI, confidence interval; NA, not applicable.

Table 5. Association between alcohol intake and risk of thyroid cancer in subgroup meta-analyses of cohort studies

No.of  Summary OR or RR Heterogeneity,

Factor Model used

studies (95% CI) 2 (%)

All [12,18,19,22-24,26] 1 0.70 (0.60-0.82) 0 Fixed-effect
Type of cancer

All types of thyroid cancer [12,18,19,22-24,26] 11 0.70 (0.60-0.82) 0 Fixed-effect

Papillary thyroid cancer [19,23,26] 3 0.65 (0.49-0.87) 0 Fixed-effect

Papillary or follicular thyroid cancer [19] 1 0.84 (0.44-1.58) NA Fixed-effect
Sex

Female [19,22-24,26] 5 0.67 (0.53-0.84) 0 Fixed-effect

Male [23,24] 2 0.70 (0.43-1.14) 0 Fixed-effect
Region

America [12,18,19,23,24,26] 10 0.72 (0.61-0.84) 0 Fixed-effect

Europe [22] 1 0.54 (0.31-0.92) NA Fixed-effect
Amount of alcohol consumed (vs. never or rarely drink)

< 1-2 Drinks/wk [12,22-24,26] 9 0.93 (0.85-1.03) 0 Fixed-effect

1-6 Drinks/wk [12,22-24,26] 9 0.87 (0.78-0.96) 0 Fixed-effect

7-14 Drinks/wk [12,22-24,26] 9 0.71 (0.62-0.82) 0 Fixed-effect

> 14 Drinks /wk [18,22,23] 5 0.66 (0.49-0.88) 0 Fixed-effect
Methodological quality

High quality [19,22,26] 5 0.66 (0.49-0.88) 0 Fixed-effect

Low quality [18,23,24] 3 0.71 (0.52-0.97) 0 Fixed-effect

OR, odd ratio; RR, relative risk; CI, confidence interval; NA, not applicable.
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should not be interpreted as indicating that alcohol intake
can be recommended to prevent the development of thyroid
cancer because alcohol intake is still a major risk factor for
the development or aggravation of other various diseases
such as several types of cancers (oropharyngeal cancer,
laryngeal cancer, breast cancer, and colorectal cancer), liver
diseases, and alcohol abuse.

The definite biological mechanism for the association
between alcohol intake and thyroid cancer still remains

uncertain. Further research is required to confirm the asso-
ciation between alcohol intake and the risk of cancer.
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