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Abstract

Background

This study evaluated the effects of acute high-dose and chronic lifetime exposure to alcohol

and exposure patterns on the development of differentiated thyroid cancer (DTC).

Methods

The Thyroid Cancer Longitudinal Study (T-CALOS) included 2,258 DTC patients (449 men

and 1,809 women) and 22,580 healthy participants (4,490 men and 18,090 women) who

were individually matched by age, gender, and enrollment year. In-person interviews were

conducted with a structured questionnaire to obtain epidemiologic data. Clinicopathologic

features of the patients were obtained by chart reviews. Odds ratios (ORs) and 95% confi-

dence intervals (95%CI) were estimated using conditional regression models.

Results

While light or moderate drinking behavior was related to a reduced risk of DTC, acute heavy

alcohol consumption (151 g or more per event or on a single occasion) was associated with
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increased risks in men (OR = 2.22, 95%CI = 1.27–3.87) and women (OR = 3.61, 95%CI =

1.52–8.58) compared with never-drinkers. The consumption of alcohol for 31 or more years

was a significant risk factor for DTC for both men (31–40 years: OR = 1.58, 95%CI = 1.10–

2.28; 41+ years: OR = 3.46, 95%CI = 2.06–5.80) and women (31–40 years: OR = 2.18,

95%CI = 1.62–2.92; 41+ years: OR = 2.71, 95%CI = 1.36–5.05) compared with never-drink-

ers. The consumption of a large amount of alcohol on a single occasion was also a signifi-

cant risk factor, even after restricting DTC outcomes to tumor size, lymph node metastasis,

extrathyroidal extension and TNM stage.

Conclusion

The findings of this study suggest that the threshold effects of acute high-dose alcohol con-

sumption and long-term alcohol consumption are linked to an increased risk of DTC.

Introduction
There has been a significant increase in thyroid cancer worldwide over the last three decades
[1]. Enhanced detection of small tumors, using advanced diagnostic imaging technologies and
new screening practices, has contributed to this reported increase [2, 3]. However, the inci-
dence of large tumors has also increased, suggesting the contribution of other environmental
or lifestyle factors [1]. In Korea, thyroid cancer was the most common cancer in 2012, with an
age-standardized prevalence rate of 358.7 per 100,000 and an age-standardized incidence rate
of 62.5 per 100,000 [4]. An increase in the alcohol drinking rate from 1998 to 2005 was
observed for both men (57.0% to 66.1%) and women (23.4 to 34.5%), based on the Korean
National Health and Nutrition Examination Survey data [5]. Considering these continuous
increases, alcohol consumption and thyroid cancer are serious public health concerns in Korea
[5, 6].

While an association between drinking alcohol and the risk of developing cancer has been
proposed, inconsistent results have been reported for thyroid cancer [7]. Previous studies,
including case-control studies [8], cohort studies [9] and pooled analysis [10], have reported
that alcohol consumption is inversely associated with thyroid cancer risk. However, other stud-
ies have reported an absence of a significant association [7, 11–14]. These conflicting results
have been based on data reported by studies of less than 500 thyroid cancer patients [7–9, 11],
a study restricted only to postmenopausal females [12], and studies that have failed to evaluate
the effect modifiers [10, 13]. Abnormal functioning of the hypothalamic-pituitary-thyroid
(HPT) axis has been observed in chronic alcoholics, indicating the potential involvement of
chronic ethanol exposure in thyroid hormone metabolism [15]. Binge alcohol exposure rather
than the total volume of alcohol consumption, increased the risk of metabolic syndrome [16],
obesity [17], and mortality caused by oropharyngeal and esophageal cancers [18] in Koreans.
However, few epidemiologic studies have focused on the harmful effects of long-term alcohol
consumption or heavy alcohol consumption per event on the development of thyroid cancer or
the risk of thyroid cancer with unfavorable clinicopathologic features.

The aim of this study was to confirm the possible relationship between alcohol consumption
and differentiated thyroid cancer (DTC) risk, accounting for drinking status and duration and
amount of alcohol consumption. Data from the Thyroid Cancer Longitudinal Study
(T-CALOS), which was performed in Korea, were analyzed. Associations were further
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examined in patient subgroups divided according to clinicohistologic characteristics, including
histologic type, tumor size, lymph node metastasis, extrathyroidal extension, BRAF (V600E)
mutation and TNM staging.

Materials and Methods

Study subjects: selection of cases and controls
T-CALOS is an on-going, multidisciplinary study involving the collection of data from thyroid
cancer patients and healthy controls [19]. Between April 2010 and April 2014, 2,529 newly
diagnosed and pathologically confirmed thyroid cancer patients were recruited after undergo-
ing thyroidectomy at the Department of Surgery, Seoul National University Hospital, Korea.
After excluding those without information on drinking status, we included a total of 2,257
DTC patients (448 men and 1,809 women). We selected controls from the large, healthy exam-
inee cohort of the Korean Genome Cohort Study (KoGeS). Out of a pool of controls examined
from 2004 to 2012 (n = 170,082), we excluded those subjects with a history of any type of can-
cer at enrollment (n = 795) or missing information for drinking status (n = 1,552). We matched
individuals at a 1:10 (cases: controls) ratio by age (no more than a 5-year difference), sex and
enrollment year (no more than a 5-year difference), and selected 22,570 controls for this analy-
sis (4,490 men and 18,090 women). This matching was performed at random using statistical
software (SAS, Version 9.3, SAS Institute, Cary, NC), and %GMATCHmacro was used to per-
form greedy matching based on the given matching variables and the ratio of the cases to the
controls, without any discrimination or interference by the authors [20]. Finally, we included
2,257 cases and 22,570 controls in these analyses.

Data collection
The subjects completed an in-person interview, during which their demographic information,
lifestyle factors and medical history were obtained using a structured questionnaire. All of the
interviewers and interviewees were blinded to the purpose of this study. Drinking status was
classified into two groups of “never-drinkers” and “ever-drinkers”. The questionnaire included
questions about the consumption of various types of alcoholic beverages, including beer, wine,
gin, and four types of Korean traditional beverages (soju, rice wine, refined rice wine and fruit
wine). The subjects selected one of 8 options for drinking frequency (almost never, once per
month, 2–3 times per month, once per week, 2–3 times per week, 4–6 times per week, once per
day and more than twice per day) for each type of beverage based on the alcohol consumption
patterns of the previous year. The volume was defined for each type of drink as follows: beer
(200 ml), wine (90 ml), hard liquor (30 ml), soju (50 ml), rice wine (250 ml), refined rice wine
(50 ml) and fruit wine (50 ml). The amount (g) of alcohol consumption was calculated using
an ethanol intensity of 0.79 and beverage-specific alcohol content (5% for beer, 12% for wine,
40% for hard liquor, 20% for soju, 6% for rice wine, 15% for refined rice wine and 15% for fruit
wine). Alcohol consumption per event for the ever-drinkers was estimated as the total amount
consumed at a single occasion and was categorized into 5 groups (0–25 g, 26–50 g, 51–100 g,
101–150 g, and 151 g or more) or 3 groups (0–50 g, 51–150 g and 151 g or more). We further
classified ever-drinkers by the drinking duration (0–10 years, 11–20 years, 21–30 years, 31–40
years, and 41+ years) and using generous cutoff values (0–20 years, 21–30 years, and 31+
years) because of the small number of subjects evaluated in subgroup analyses. After quantify-
ing the reported alcohol consumption of the individuals, we divided the total alcohol consump-
tion by the frequency of alcohol consumption to determine alcohol consumption per day (g/
day). Binge drinking was defined as excessive alcohol consumption on a single occasion (5
drinks for men and 4 drinks for women), with a standard drink equal to 14 g of alcohol.
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For all cases, comprehensive reviews of the electronic medical records were conducted to
determine clinicopathologic features. We used the AJCC/UICC TNM staging system (7th edi-
tion), which is based on age at diagnosis, tumor size, presence of an extrathyroidal extension,
lymph node metastasis and distant metastasis [21]. Genetic testing for the BRAF (V600E)
mutation was performed on papillary thyroid carcinoma (PTC) patients. The deoxyribonucleic
acid (DNA) isolation and BRAF (V600E) mutation analysis methods and the details of all of
the protocols followed for the T-CALOS are described elsewhere [19, 22].

Statistical analysis
Descriptive statistical analyses were performed to compare the DTC cases with their matched
healthy controls. Differences in numerical and categorical variables were evaluated with the t-
test and chi-square test, respectively. Conditional logistic regression models were used to com-
pute odds ratios (ORs) and 95% confidence intervals (95%CIs) for both the univariate and
multivariate models. To control for potential confounders, ORs and 95%CIs were adjusted in
the model for education level (high school graduation: yes, no, or unknown), marital status
(single, married, or unknown), smoking (never, past, or current), regular exercise (yes, no, or
unknown), and history of chronic diseases, including hypertension and dyslipidemia (diag-
nosed by a medical doctor: never, ever, or unknown). No evidence of multicollinearity was
found based on diagnostic analysis. The dependent variables included tumor size, lymph node
metastasis, extrathyroidal extension, TNM stage, age at diagnosis and V600E BRAF mutation
status in the three nominal categories (the controls, the cases with low aggressive tumor fea-
tures and the cases with high aggressive tumor features). The associations between drinking-
related predictors and DTC risk were presented as ORs and 95%CIs based on polychotomous
logistic regression models adjusted for matching variables (age, sex and enrollment year) and
education level, marital status, smoking, regular exercise, and history of chronic diseases,
including hypertension and dyslipidemia. We included only the PTC patients and their
matched controls in BRAF (V600E) mutation analyses.

To identify interactions, a multiplicative interaction model was used based on the likelihood
ratio test, for which the main factor of alcohol exposure and the variables of education level,
marital status, smoking and chronic diseases were included. Sensitivity analyses were con-
ducted by restricting the age at diagnosis of the cases (40, 45 and 50 years old) to confirm the
robustness of the results. We calculated p-trends for the dose-response associations by assign-
ing increasing scores for the levels of the categorical variables, and these scores were used in the
fully adjusted regression models. The p-heterogeneity for the comparisons of the associations
in each group was calculated using Cochran’s Q statistics. A p value of less than 0.05 was con-
sidered significant based on the 2-sided test. Statistical analyses were conducted with SAS soft-
ware program (Version 9.4, SAS Institute, Cary, NC).

Ethical approval
All subjects in this study voluntarily participated and provided their written informed consent
upon enrollment. The entire study protocol was approved by the Institutional Review Board of
Seoul National University Hospital (IRB No. C-1001-067-307).

Results

General characteristics
The general characteristics of the 24,827 total subjects, including the 2,257 DTC patients
(cases) and 22,570 healthy participants (controls), are summarized in S1 Table. Eighty percent
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of the subjects were women, and the average ages (in years) of the cases (49.9 for the men and
50.4 for the women) and controls (50.5 for the men and 50.8 for the women) did not signifi-
cantly differ, indicating that the individual matching was appropriate. The cases were more
likely to be educated and have chronic diseases (hypertension and dyslipidemia) compared
with the healthy controls. The patient group was less likely to be married, smoke, and exercise
regularly (p<0.05) compared with the control group (S1 Table). The number of postmeno-
pausal women did not significantly differ between the cases (877 women, 50.2%) and controls
(9087 women, 50.3%) (p-value = 0.93). The variables that were determined to be statistically
significant were considered to be confounding factors and were adjusted for in multivariate
regression analyses.

Alcohol intake and DTC
As observed in Table 1, no evidence of an association between drinking itself and DTC risk was
observed (men: OR = 1.12; 95%CI = 0.85–1.47; women: OR = 1.10, 95%CI = 0.99–1.22). A
trend in the J-shaped curves was detected for an association between alcohol intake on a single
occasion and increased DTC risk, indicating a decreased DTC risk for light to moderate alcohol
consumption and an elevated risk for heavy alcohol consumption. Heavy alcohol consumption
per event (151+ g) was a significant risk factor for DTC in men (OR = 2.21, 95%CI = 1.27–
3.85) and women (OR = 3.61, 95%CI = 1.52–8.58) compared with the never-drinkers
(Table 1). Sensitivity analysis conducted to confirm the associations revealed that the results
were robust after we restricted the subjects by the cutoff ages of 40, 45 and 50 years old (S2
Table). DTC risk was found to be altered by excessive alcohol intake (21 g/day: OR = 1.49, 95%
CI = 1.08–2.06) and binge drinking (4 or more drinks per event: OR = 1.98, 95%CI = 1.48–
2.64) in women compared with never-drinkers (data not shown). Stratification by histologic
type revealed that the association between PTC risk and alcohol consumption on one occasion
(151+g, men: OR = 2.17, 95%CI = 1.23–3.83; women: OR = 3.56, 95%CI = 1.50–8.46) was con-
sistent with the results for total DTC, as shown in Table 2. A trend of increasing follicular thy-
roid cancer (FTC) risk in association with alcohol intake on one occasion was observed, but the
results were not statistically significant (Table 2).

Drinking duration and DTC
Threshold effects of drinking duration were also observed (Table 1). The DTC risk was gener-
ally lower for those subjects reporting 10 years or less of alcohol consumption (men:
OR = 0.46, 95%CI = 0.22–0.98; women: OR = 0.71, 95% CI = 0.58–0.86). In contrast, those
reporting 31–40 years of alcohol consumption showed a 2-fold increased risk of DTC (men:
OR = 1.57, 95%CI = 1.09–2.26; women: OR = 2.18, 95%CI = 1.62–2.92) compared with the
never-drinkers. A 3-fold increased risk of DTC was observed in subjects reporting 41 years or
more of alcohol consumption (men: OR = 3.44, 95%CI = 2.05–5.78; women: OR = 2.71, 95%
CI = 1.40–5.24) (p-trend<0.05) compared to the never-drinkers (Table 1). Our results showed
that women were more susceptible to drinking duration compared to men (p-heterogeneity for
21–30 years of drinking = 0.003), whereas both men and women showed similar patterns for
the association of alcohol consumption per event with drinking duration (Table 1). The general
trend of these results was consistent even after restricting the subjects to those who were older
than 40, 45 and 50 years (S2 Table). In addition, the number of years of alcohol consumption
was associated with PTC risk (31+ years, men: OR = 1.75, 95%CI = 1.23–2.48; women:
OR = 2.38, 95%CI = 1.81–3.12) as well as male FTC risk (OR = 13.27, 95%CI = 1.11–158.28),
as shown in Table 2. There were no significant differences in the PTC or FTC risk according to
the p-heterogeneity values.
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Alcohol consumption and DTC by clinicopathologic features
Associations of alcohol consumption and DTC risk were classified according to patient age at
diagnosis and clinicopathologic features, such as tumor size, lymph node metastasis, extrathyr-
oidal extension, BRAF mutation and TNM staging. Alcohol consumption per event (�151 g)
was associated with a 2.2-fold increased risk of DTC with a tumor size of 1 cm or greater
(OR = 2.23, 95%CI = 1.09–4.53) and a 1.1-fold increased risk of DTC with a tumor size of
smaller than 1 cm (OR = 1.11, 95%CI = 0.29–2.11) compared to the never-drinkers, as shown

Table 1. Alcohol consumptions and differentiated thyroid cancer in men and women; T-CALOS April 2010–April 2014.

Men Women

Case
(N = 448)

Control
(N = 4,480)

OR (95%CI)1 Case
(N = 1,809)

Control
(N = 18,090)

OR (95%CI)1 p-heterogeneity2

Drinking status

Never 78 828 1.00
(Reference)

1,111 11,322 1.00
(Reference)

Ever 370 3,652 1.12 (0.85–
1.47)

698 6,768 1.10 (0.99–
1.22)

0.884

Alcohol intake (g) per
event

Never 78 828 1.00
(Reference)

1,111 11,322 1.00
(Reference)

0–25 46 636 0.74 (0.50–
1.11)

310 3,832 0.86 (0.75–
0.99)

0.502

26–50 44 619 0.77 (0.52–
1.15)

119 1,389 0.90 (0.74–
1.10)

0.503

51–100 170 1,599 1.25 (0.92–
1.69)

109 937 1.29 (1.03–
1.60)

0.911

101–150 35 338 1.18 (0.76–
1.84)

13 70 2.27 (1.23–
4.21)

0.091

151+ 20 108 2.21 (1.27–
3.85)

7 24 3.61 (1.52–
8.58)

0.353

p-trend2 0.005 0.044

Duration (years)

Never 78 828 1.00
(Reference)

1,111 11,322 1.00
(Reference)

0–10 10 172 0.46 (0.22–
0.98)

121 1,853 0.71 (0.58–
0.86)

0.282

11–20 107 1174 0.84 (0.59–
1.19)

245 3,020 0.81 (0.69–
0.94)

0.853

21–30 106 1295 0.81 (0.58–
1.13)

195 1,436 1.43 (1.21–
1.69)

0.003

31–40 95 767 1.57 (1.09–
2.26)

61 308 2.18 (1.62–
2.92)

0.183

41+ 43 224 3.44 (2.05–
5.78)

13 45 2.71 (1.40–
5.24)

0.571

p-trend2 <0.001 <0.001

Abbreviations: OR = odds ratio; 95% CI = 95% confidence interval.
1. Conditional logistic regression models adjusted for education level, marital status, smoking, regular exercise, and history of hypertension and

dyslipidemia.
2. p-trend was calculated for dose-response associations, and p-heterogeneity was calculated to compare of the ORs and their 95% CI for the men and

women.

doi:10.1371/journal.pone.0151562.t001
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in Table 3. There was also a positive association between long-term drinking (31 years or lon-
ger) and DTC with a tumor size of 1 cm or greater (OR = 2.16, 95%CI = 1.57–2.96) and DTC
with a tumor size of 1 cm or smaller (OR = 1.79, 95%CI = 1.41–2.28) compared to the never-
drinkers (data not shown). The effects of alcohol intake per event (�151 g) were consistent
after the cases were stratified according to the presence of lymph node metastasis, extrathyroi-
dal extension, and advanced TNM stage (Table 3). The BRAF mutation statuses of the PTC
patients (BRAFV600E: OR = 2.89, 95%CI = 1.72–4.86; BRAFwt: OR = 2.59, 95%CI = 1.03–6.54)
and the ages at diagnosis of the DTC patients (<45 years old: OR = 1.79, 95%CI = 0.72–4.48;
�45 years old: OR = 1.88, 95%CI = 1.02–3.47) were also estimated in comparison with the
never-drinkers (Table 3). The differences in the clinicopathologic features between the sub-
groups according to drinking duration were not statistically significant.

Discussion
The results of this large-scale case-control study that included 2,258 DTC patients and 22,580
healthy controls suggest that light to moderate drinking is associated with a reduced risk of
DTC in men and women. However, there were noticeable threshold effects of acute high-dose
and chronic lifetime exposure to alcohol on increasing the DTC risk. Our results were consis-
tent, even after the grouping of cases according to clinicopathologic features. These

Table 2. Alcohol consumptions and thyroid cancer stratified by histologic types (papillary and follicular thyroid cancer); T-CALOS April 2010–
April 2014.

Men Women

PTC1 FTC1 PTC1 FTC1

Case OR (95% CI)2,3 Case OR (95% CI) 2,3 Case OR (95% CI) 2,3 Case OR (95% CI) 2,3

Alcohol intake (g) per event

Never 76 1.00 (Reference) 2 1.00 (Reference) 1,079 1.00 (Reference) 32 1.00 (Reference)

0–50 83 0.72 (0.52–1.02) 7 1.54 (0.28–8.50) 413 0.86 (0.76–0.98) 16 1.16 (0.60–2.27)

51–150 197 1.23 (0.91–1.67) 8 1.83 (0.32–10.28) 118 1.34 (1.09–1.66) 4 1.44 (0.44–4.74)6

151+4 19 2.17 (1.23–3.83) 1 5.36 (0.34–85.68) 7 3.56 (1.50–8.46) 0

p-trend5 0.004 0.578 0.232

Duration (years)

Never 76 1.00 (Reference) 2 1.00 (Reference) 1,079 1.00 (Reference) 32 1.00 (Reference)

0–20 115 0.82 (0.58–1.16) 2 0.26 (0.03–2.43) 351 0.76 (0.66–0.87) 15 1.07 (0.52–2.20)

21–30 100 0.81 (0.58–1.15) 6 1.70 (0.24–11.92) 190 1.42 (1.20–1.69) 5 1.50 (0.60–3.78)6

31+4 125 1.75 (1.23–2.48) 13 13.27 (1.11–158.28) 72 2.38 (1.81–3.12) 2

p-trend5 0.006 0.018 <0.001 0.458

Abbreviations: PTC = papillary thyroid cancer; FTC = follicular thyroid cancer; OR = odds ratio; 95% CI = 95% confidence interval.
1. Subjects with missing information for alcohol intake per event with FTC (5 men and 4 women) and PTC (50 men and 136 women) were identified.
2. Conditional logistic regression models adjusted for education level, marital status, smoking, regular exercise, and history of hypertension and

dyslipidemia.
3. No significant p-heterogeneity detected in the comparison of the ORs for PTC and FTC.
4. Due to insufficient power in analyses of the FTC patients and their matched controls, the highest cutoff values were changed to a drinking duration of

21+ years and 51 g of alcohol intake per event.
5. A p-trend was calculated for dose response associations.
6. ORs were calculated after merging the two cells of (51+ for alcohol intake amounts (g) per event and 21+ for the duration (years) of drinking) due to the

limited number of cases.

doi:10.1371/journal.pone.0151562.t002
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Table 3. Alcohol consumptions and differentiated thyroid cancer by clinicopathologic features, T-CALOS April 2010–April 2014.

Case1 OR (95% CI)2 Case1 OR (95% CI) 2 Case1 OR (95% CI) 2 Case1 OR (95% CI) 2

Tumor size�1cm Tumor size>1cm LN metastasis (-) LN metastasis (+)

Alcohol intake (g) per
event

Never 833 1.00 (Reference) 334 1.00 (Reference) 716 1.00 (Reference) 385 1.00 (Reference)

0–50 369 0.80 (0.69–0.92) 140 0.81 (0.65–1.00) 313 0.85 (0.73–0.98) 156 0.68 (0.56–0.83)

51–150 222 1.09 (0.89–1.32) 97 1.18 (0.89–1.57) 155 1.08 (0.87–1.35) 142 1.14 (0.89–1.46)

151+ 14 1.11 (0.59–2.11) 11 2.23 (1.09–4.53) 11 1.22 (0.60–2.47) 15 1.87 (0.99–3.50)

p-trend4 0.469 0.570 0.822 0.746

Duration (years)

Never 833 1.00 (Reference) 334 1.00 (Reference) 716 1.00 (Reference) 385 1.00 (Reference)

0–20 337 0.76 (0.65–0.88) 135 0.84 (0.67–1.05) 270 0.79 (0.67–0.93) 172 0.72 (0.58–0.88)

21–30 210 0.93 (0.78–1.12) 81 0.90 (0.68–1.18) 170 1.00 (0.82–1.22) 107 0.83 (0.65–1.06)

31+ 132 1.80 (1.41–2.29) 76 2.14 (1.56–2.95) 107 1.95 (1.50–2.54) 79 1.89 (1.39–2.57)

p-trend4 0.077 0.012 0.011 0.258

ETE (-) ETE (+) TNM stage I TNM stage II-IV

Alcohol intake (g) per
event

Never 468 1.00 (Reference) 682 1.00 (Reference) 817 1.00 (Reference) 300 1.00 (Reference)

0–50 254 0.98 (0.83–1.16) 249 0.69 (0.59–0.81) 393 0.80 (0.70–0.92) 99 0.75 (0.58–0.95)

51–150 148 1.28 (1.01–1.63) 164 0.97 (0.78–1.21) 236 1.08 (0.89–1.32) 72 1.17 (0.84–1.62)

151+ 11 1.51 (0.75–3.08) 14 1.39 (0.74–2.62) 19 1.39 (0.77–2.51) 7 1.87 (0.81–4.33)

p-trend4 0.119 0.051 0.538 0.767

Duration (years)

Never 468 1.00 (Reference) 682 1.00 (Reference) 817 1.00 (Reference) 300 1.00 (Reference)

0–20 232 0.92 (0.77–1.10) 227 0.67 (0.56–0.79) 415 0.81 (0.70–0.94) 54 0.53 (0.39–0.73)

21–30 145 1.15 (0.92–1.43) 145 0.79 (0.64–0.97) 217 0.93 (0.78–1.12) 72 1.08 (0.80–1.44)

31+ 86 2.15 (1.61–2.87) 117 1.73 (1.34–2.23) 103 1.81 (1.40–2.36) 83 1.90 (1.38–2.62)

p-trend4 <0.001 0.564 0.138 0.013

Age at diagnosis
<45

Age at diagnosis
�45

BRAFwt in PTC3 BRAFV600E in
PTC3

Alcohol intake (g) per
event

Never 293 1.00 (Reference) 896 1.00 (Reference) 349 1.00 (Reference) 763 1.00 (Reference)

0–50 213 0.79 (0.62–0.99) 306 0.69 (0.60–0.79) 156 0.91 (0.74–1.12) 326 0.83 (0.72–0.96)

51–150 151 1.23 (0.91–1.67) 176 1.21 (0.97–1.50) 73 1.12 (0.82–1.54) 229 1.49 (1.23–1.81)

151+ 10 1.79 (0.72–4.48) 17 1.88 (1.02–3.47) 6 2.59 (1.03–6.54) 20 2.89 (1.72–4.86)

p-trend4 0.735 0.389 0.280 0.017

Duration (years)

Never 293 1.00 (Reference) 896 1.00 (Reference) 349 1.00 (Reference) 763 1.00 (Reference)

0–20 319 0.73 (0.58–0.91) 164 0.58 (0.48–0.70) 123 0.69 (0.54–0.87) 324 0.82 (0.70–0.95)

21–30 101 2.83 (2.05–3.90) 200 1.23 (1.02–1.48) 89 1.41 (1.07–1.85) 192 1.18 (0.98–1.43)

31+ 1 0.19 (0.01–61.69) 211 2.08 (1.68–2.59) 51 2.87 (1.91–4.34) 136 2.03 (1.58–2.61)

(Continued)
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associations support the importance of the consideration of alcohol consumption and drinking
duration when defining a group at high risk of thyroid cancer in Korea.

The consumption of large amounts of alcohol may lead to increased risks of various cancers.
The International Agency for the Research of Cancer (IARC) has classified alcohol as a group 1
carcinogen, with the highest level of carcinogenic effects [23]. A recent review paper has
reported that the amount of alcohol consumption is linked to oral, pharyngeal, laryngeal and
esophageal cancers (cancers of the head and neck) as well as liver and breast cancers [24]. How-
ever, whether these effects influence the thyroid gland in addition to their carcinogenic poten-
tials are unknown. Additionally, plausible mechanisms have been suggested in which alcohol
accelerates oxidative stress, DNA damage, and hormonal changes [24].

We found that women were more vulnerable than men to the duration of drinking.
Although the underlying mechanism of the differences in susceptibility between men and
women has not been elucidated, the effects of sex hormones on ethanol metabolism can be the
explanation [25]. First, the androgens in men possibly increased alcohol dehydrogenase activity
and enzymes responsible for the related pathways [26]. Second, women had a higher blood
level of alcohol with a same amount of alcohol drinking [27], which may be the reason for their
increased development of alcohol-related organ damage [25]. In addition, a low gastric alcohol
dehydrogenase (ADH) activities and a slow alcohol elimination rate (AER) in the women have
been observed in women, and the studies suggested a smaller organ size in women compared
to that in men might related to differences in ethanol pharmacokinetics [25, 28]. These factors
might result in a longer exposure time of thyroid tissue to alcohol per year of drinking duration
and promote alcohol-induced adverse effects in women.

Few studies have assessed the associations of drinking and DTC, considering clinicopatho-
logic features. We found consistent effects of drinking on DTC with a large tumor size or
advanced TNM stage, suggesting the presence of a potential link between drinking and DTC
with a poor prognosis. One recent study proposed that alcohol consumption may increase thy-
roid cancer risk by increasing thyroid-stimulating hormone (TSH) levels, thereby stimulating

Table 3. (Continued)

Case1 OR (95% CI)2 Case1 OR (95% CI) 2 Case1 OR (95% CI) 2 Case1 OR (95% CI) 2

Tumor size�1cm Tumor size>1cm LN metastasis (-) LN metastasis (+)

p-trend4 <0.001 <0.001 <0.001 <0.001

Abbreviations: OR = odds ratio; 95% CI = 95% confidence interval; LN metastasis = lymph node metastasis; BRAFwt in PTC = negative for BRAF (V600E)

by mutation testing; BRAFV600E in PTC = positive for BRAF (V600E) by mutation testing; PTC = papillary thyroid cancer; DTC = differentiated thyroid

cancer; ETE (-) = absence of extrathyroidal extension; ETE (+) = presence of extrathyroidal extension.
1. Subjects with missing information for alcohol intake per event with FTC (5 men and 4 women) and PTC (50 men and 136 women) were identified. DTC

patients with information on tumor size (<1 cm = 1,567 cases; �1 cm = 644 cases), LN metastasis (No = 1,311 cases; Yes = 764 cases) and TNM staging

(stage I = 1,606 cases; stage II = 41 cases; stage III = 406 cases; and stage IV = 79 cases), and ETE (No = 977 cases; Yes = 1,198 cases) and the

controls were included.
2. Polychotomous logistic regression models (controls vs. less advanced cases; and controls vs. more advanced cases) were adjusted for matching

variables (age, sex and enrollment year), education level, marital status, smoking, regular exercise, and history of chronic diseases, including

hypertension and dyslipidemia.
3. ORs and 95%CIs were calculated for the PTC patients with information on BRAF mutation status (2,092 cases) and their matched controls using

conditional logistic regression models adjusted for education level, marital status, smoking, regular exercise, and history of chronic diseases, including

hypertension and dyslipidemia (diagnosed by a medical doctor: never, ever and unknown).
4. A p-trend was calculated for dose response associations.

doi:10.1371/journal.pone.0151562.t003
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related hormones and mitotic activity and altering tumor susceptibility [29]; however, the aim
of this study was not to determine the association between drinking and thyroid cancer risk.
The BRAF (V600E) mutation has been associated with unfavorable clinicopathologic charac-
teristics in patients with PTC in previous studies [22, 30]. The possible effects of drinking and
BRAF mutations on colon cancer risk have been examined [31, 32], although, no related stud-
ies of drinking and thyroid cancer risk have been performed. Therefore, further evidence is
needed to elucidate an associated biological mechanism that includes the following four com-
ponents: alcohol consumption, thyroid cancer, clinicopathologic features and DNAmutations.

Previous studies have presented an inverse relationship between drinking and thyroid can-
cer. Based on the NIH-AARP Diet and Health Study, Meinhold et al. observed that consuming
2 or more drinks per day reduced thyroid cancer risk in a combined sample of men and
women (RR = 0.57, 95%CI = 0.36–0.89) compared with never-drinkers [9]. However, these
results were not statistically significant in subgroups classified by gender or histologic type,
reflecting the insufficient power of the study due to the small range of alcohol consumption,
particularly in women and FTC cases [9]. In a recent pooled analysis that included 1,003 cases,
consuming alcohol daily or more often was found to be associated with a decreased thyroid
cancer risk (�7 drinks per week: hazard ratio (HR) = 0.72, 95%CI = 0.58–0.90) compared with
never-drinkers [10]. Guignard et al. performed a case-control study (332 cases and 412 con-
trols) and reported that there was no significant alteration in thyroid cancer risk due to alcohol
consumption in men (>10 drinks per week: OR = 0.92, 95%CI = 0.24–3.45) or women (>10
drinks per week: OR = 0.32, 95%CI = 0.05–1.95) [11]. Furthermore, no significant results
related to alcohol consumption and thyroid cancer were reported for the Women’s Health Ini-
tiative, which included 331 thyroid cancer patients (�7 drinks per week: HR = 0.66, 95%
CI = 0.44–1.01;�4 g/day: HR = 0.79, 95%CI = 0.60–1.05) compared to non-drinkers [12]. In
comparison to these studies, opposite or insignificant associations were consistently observed
in our results. Given these previous findings, we acknowledge that a small amount of alcohol
consumption up to a certain threshold level for both acute and chronic lifetime exposure may
have preventive effects on thyroid cancer. However, this study provides new evidence on the
threshold effects of the number of years of alcohol consumption (40 years) and the amount of
alcohol consumed per event (150 g per instance), using extended cutoff values that have not
been assessed in previous studies. The conflicting results of previous studies may also be
explained by geographic differences among these studies, including 5 prospective studies of
individuals from the United States [10] and New Caledonia [11] and of postmenopausal
women [12], all of whom have different patterns of alcohol consumption and, ethnicity and
cultural factors compared to individuals from Korea.

The strengths of the present study are as follows. First, T-CALOS is one of the few studies
that includes over 2,000 thyroid cancer cases, including both men and women. Therefore, our
sample size of male thyroid cancer and FTC cases was large. In addition, our study was well-
designed and conducted using a standardized research protocol, a comprehensive epidemio-
logic questionnaire and clinicopathologic information. Therefore, we included standard units
or quantifiable amounts of alcohol and accounted for various confounding factors in statistical
analyses. The limitations of our study include the fact that we used a case-control study design,
which may have introduced recall bias. Although we collected self-reported information for the
exposure variables, we attempted to maximize the accuracy and compliance of our interviews
by using a structured questionnaire and providing continuous training for our interviewers.
Due to the small number of female FTC patients who were drinkers, it was not possible to
examine and confirm the associations of the threshold effects in this subgroup. Moreover, bio-
markers related to thyroid function and BRAF mutation testing were only obtained for the thy-
roid cancer patients.
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In conclusion, we observed a reduction in thyroid cancer risk in association with decreased
alcohol consumption (25 g or less) per event and a drinking duration of less than 10 years com-
pared with never-drinkers. However, the risk was increased above the threshold level in associ-
ation with both the number of years of alcohol consumption (30 years old more) and alcohol
consumption per event (151 g or more) for both men and women. The reason for the rapid
increase in thyroid cancer in Korea in recent years is unknown. Because alcohol consumption
is an important modifiable dietary risk factor for cancer, high-risk groups of individuals, such
as long-term drinkers or those who consume excessive amounts of alcohol, should be carefully
monitored and provided cancer prevention guidelines. Considering the increasing trends in
adolescent drinking and binge drinking among young people, our findings highlight the need
for further studies on alcohol consumption patterns and chronic lifetime exposure to alcohol
in the development of thyroid cancer and the increased risk of thyroid cancer with unfavorable
clinicopathologic features. Our results may contribute to the current understanding of the eti-
ology of thyroid cancer, and thereby facilitate the development of preventative strategies.

Supporting Information
S1 Table. Comparison of the general characteristics of cases and controls, T-CALOS April
2010–April 2014.
(DOCX)

S2 Table. Alcohol consumptions and differentiated thyroid cancer in men and women
restricted by the age group, T-CALOS April 2010–April 2014.
(DOCX)

Acknowledgments
We acknowledge the dedication of Dr. Yeo-Kyu Youn and all members of the T-CALOS study.
The dataset was from the Korean Genome and Epidemiology Study (KoGES) of the Korea
Centers for Disease Control & Prevention, Republic of Korea.

Author Contributions
Conceived and designed the experiments: SKP. Analyzed the data: YH. Wrote the paper: YH.
Contributed to the discussion as well as reviewed and edited the manuscript: KEL EW YJP YJC
HK. Agreed with manuscript results and conclusions: DJP BC HCC DK. Agreed to be account-
able for all aspects of the work: SKP. Approved the final manuscript and confirmed ICMJE cri-
teria for authorship: YH KEL EW YJP YJC HK DJP BC HCC DK SKP.

References
1. Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R. Worldwide increasing incidence of thyroid

cancer: update on epidemiology and risk factors. Journal of cancer epidemiology. 2013;
2013:965212. Epub 2013/06/06. doi: 10.1155/2013/965212 PMID: 23737785; PubMed Central
PMCID: PMCPmc3664492.

2. Tufano RP, Noureldine SI, Angelos P. Incidental thyroid nodules and thyroid cancer: considerations
before determining management. JAMA otolaryngology—head & neck surgery. 2015; 141(6):566–72.
Epub 2015/05/01. doi: 10.1001/jamaoto.2015.0647 PMID: 25928353.

3. Franceschi S, Vaccarella S. Thyroid cancer: An epidemic of disease or an epidemic of diagnosis? Inter-
national Journal of Cancer. 2015; 136(11):2738–9. doi: 10.1002/ijc.29311 PMID: 25365909

4. Jung KW,Won YJ, Kong HJ, Oh CM, Cho H, Lee DH, et al. Cancer statistics in Korea: incidence, mor-
tality, survival, and prevalence in 2012. Cancer research and treatment: official journal of Korean Can-
cer Association. 2015; 47(2):127–41. Epub 2015/03/13. doi: 10.4143/crt.2015.060 PMID: 25761484;
PubMed Central PMCID: PMCPmc4398120.

Drinking and Thyroid Cancer

PLOS ONE | DOI:10.1371/journal.pone.0151562 March 17, 2016 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151562.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151562.s002
http://dx.doi.org/10.1155/2013/965212
http://www.ncbi.nlm.nih.gov/pubmed/23737785
http://dx.doi.org/10.1001/jamaoto.2015.0647
http://www.ncbi.nlm.nih.gov/pubmed/25928353
http://dx.doi.org/10.1002/ijc.29311
http://www.ncbi.nlm.nih.gov/pubmed/25365909
http://dx.doi.org/10.4143/crt.2015.060
http://www.ncbi.nlm.nih.gov/pubmed/25761484


5. Jang S-N, Kim D-H. Trends in the Health Status of Older Koreans. Journal of the American Geriatrics
Society. 2010; 58(3):592–8. doi: 10.1111/j.1532-5415.2010.02744.x PMID: 20398125

6. Jung KW,Won YJ, Oh CM, Kong HJ, Cho H, Lee DH, et al. Prediction of cancer incidence and mortality
in Korea, 2015. Cancer research and treatment: official journal of Korean Cancer Association. 2015; 47-
(2):142–8. Epub 2015/03/18. doi: 10.4143/crt.2015.066 PMID: 25779360; PubMed Central PMCID:
PMCPmc4398104.

7. Xhaard C, Ren Y, Clero E, Maillard S, Brindel P, Rachedi F, et al. Differentiated thyroid carcinoma risk
factors in French Polynesia. Asian Pacific journal of cancer prevention: APJCP. 2014; 15(6):2675–80.
Epub 2014/04/26. PMID: 24761883.

8. Nagano J, Mabuchi K, Yoshimoto Y, Hayashi Y, Tsuda N, Land C, et al. A case-control study in Hiro-
shima and Nagasaki examining non-radiation risk factors for thyroid cancer. Journal of epidemiology /
Japan Epidemiological Association. 2007; 17(3):76–85. Epub 2007/06/05. PMID: 17545694.

9. Meinhold CL, Park Y, Stolzenberg-Solomon RZ, Hollenbeck AR, Schatzkin A, Berrington de Gonzalez
A. Alcohol intake and risk of thyroid cancer in the NIH-AARP Diet and Health Study. British journal of
cancer. 2009; 101(9):1630–4. Epub 2009/10/29. doi: 10.1038/sj.bjc.6605337 PMID: 19862001;
PubMed Central PMCID: PMCPmc2778506.

10. Kitahara CM, Linet MS, Beane Freeman LE, Check DP, Church TR, Park Y, et al. Cigarette smoking,
alcohol intake, and thyroid cancer risk: a pooled analysis of five prospective studies in the United
States. Cancer causes & control: CCC. 2012; 23(10):1615–24. Epub 2012/07/31. doi: 10.1007/
s10552-012-0039-2 PMID: 22843022; PubMed Central PMCID: PMCPmc3511822.

11. Guignard R, Truong T, Rougier Y, Baron-Dubourdieu D, Guenel P. Alcohol drinking, tobacco smoking,
and anthropometric characteristics as risk factors for thyroid cancer: a countrywide case-control study
in New Caledonia. American journal of epidemiology. 2007; 166(10):1140–9. Epub 2007/09/15. doi: 10.
1093/aje/kwm204 PMID: 17855390; PubMed Central PMCID: PMCPmc2220030.

12. Kabat GC, Kim MY, Wactawski-Wende J, Rohan TE. Smoking and alcohol consumption in relation to
risk of thyroid cancer in postmenopausal women. Cancer epidemiology. 2012; 36(4):335–40. Epub
2012/04/25. doi: 10.1016/j.canep.2012.03.013 PMID: 22525339.

13. MackWJ, Preston-Martin S, Dal Maso L, Galanti R, Xiang M, Franceschi S, et al. A pooled analysis of
case-control studies of thyroid cancer: cigarette smoking and consumption of alcohol, coffee, and tea.
Cancer causes & control: CCC. 2003; 14(8):773–85. Epub 2003/12/17. PMID: 14674742.

14. MackWJ, Preston-Martin S, Bernstein L, Qian D. Lifestyle and other risk factors for thyroid cancer in
Los Angeles County females. Annals of epidemiology. 2002; 12(6):395–401. Epub 2002/08/06. PMID:
12160598.

15. Baumgartner A, Rommelspacher H, Otto M, Schmidt LG, Kurten I, Graf KJ, et al. Hypothalamic-pitui-
tary-thyroid (HPT) axis in chronic alcoholism. I. HPT axis in chronic alcoholics during withdrawal and
after 3 weeks of abstinence. Alcoholism, clinical and experimental research. 1994; 18(2):284–94. Epub
1994/04/01. PMID: 8048729.

16. Im HJ, Park SM, Choi JH, Choi EJ. Binge drinking and its relation to metabolic syndrome in korean
adult men. Korean journal of family medicine. 2014; 35(4):173–81. Epub 2014/08/15. doi: 10.4082/
kjfm.2014.35.4.173 PMID: 25120888; PubMed Central PMCID: PMCPmc4129244.

17. Ryu M, KimmH, Jo J, Lee SJ, Jee SH. Association between Alcohol Intake and Abdominal Obesity
among the Korean Population. Epidemiology and health. 2010; 32:e2010007. Epub 2010/12/31. doi:
10.4178/epih/e2010007 PMID: 21191460; PubMed Central PMCID: PMCPmc2984859.

18. Jung SH, Gombojav B, Park EC, NamCM, Ohrr H, Won JU. Population based study of the association
between binge drinking and mortality from cancer of oropharynx and esophagus in Korean men: the
Kangwha cohort study. Asian Pacific journal of cancer prevention: APJCP. 2014; 15(8):3675–9. Epub
2014/05/30. PMID: 24870776.

19. Lee KE, Park YJ, Cho B, Hwang Y, Choi JY, Kim SJ, et al. Protocol of a thyroid cancer longitudinal
study (T-CALOS): a prospective, clinical and epidemiological study in Korea. BMJ open. 2015; 5(1):
e007234. Epub 2015/01/08. doi: 10.1136/bmjopen-2014-007234 PMID: 25564151; PubMed Central
PMCID: PMCPmc4289710.

20. Bergstralh E. Erik JLK. GMATCH 2004 [updated 04/07/2004]. Available: http://www.mayo.edu/
research/documents/gmatchsas/doc-10027248.

21. Sobin LH, G M, Wittekind Ch. Eds. TNM Classification of Malignant Tumors. 7th edition ed: Wiley-
Blackwell, Oxford; 2009. 310 pages p.

22. Kim SJ, Lee KE, Myong JP, Park JH, Jeon YK, Min HS, et al. BRAF V600Emutation is associated with
tumor aggressiveness in papillary thyroid cancer. World journal of surgery. 2012; 36(2):310–7. Epub
2011/12/23. doi: 10.1007/s00268-011-1383-1 PMID: 22190222.

23. (IARC) IAfRoC. IARCMonographs on the Evaluation of Carcinogenic Risks to Humans: Alcohol con-
sumption and ethyl carbamate. Lyon2010.

Drinking and Thyroid Cancer

PLOS ONE | DOI:10.1371/journal.pone.0151562 March 17, 2016 12 / 13

http://dx.doi.org/10.1111/j.1532-5415.2010.02744.x
http://www.ncbi.nlm.nih.gov/pubmed/20398125
http://dx.doi.org/10.4143/crt.2015.066
http://www.ncbi.nlm.nih.gov/pubmed/25779360
http://www.ncbi.nlm.nih.gov/pubmed/24761883
http://www.ncbi.nlm.nih.gov/pubmed/17545694
http://dx.doi.org/10.1038/sj.bjc.6605337
http://www.ncbi.nlm.nih.gov/pubmed/19862001
http://dx.doi.org/10.1007/s10552-012-0039-2
http://dx.doi.org/10.1007/s10552-012-0039-2
http://www.ncbi.nlm.nih.gov/pubmed/22843022
http://dx.doi.org/10.1093/aje/kwm204
http://dx.doi.org/10.1093/aje/kwm204
http://www.ncbi.nlm.nih.gov/pubmed/17855390
http://dx.doi.org/10.1016/j.canep.2012.03.013
http://www.ncbi.nlm.nih.gov/pubmed/22525339
http://www.ncbi.nlm.nih.gov/pubmed/14674742
http://www.ncbi.nlm.nih.gov/pubmed/12160598
http://www.ncbi.nlm.nih.gov/pubmed/8048729
http://dx.doi.org/10.4082/kjfm.2014.35.4.173
http://dx.doi.org/10.4082/kjfm.2014.35.4.173
http://www.ncbi.nlm.nih.gov/pubmed/25120888
http://dx.doi.org/10.4178/epih/e2010007
http://www.ncbi.nlm.nih.gov/pubmed/21191460
http://www.ncbi.nlm.nih.gov/pubmed/24870776
http://dx.doi.org/10.1136/bmjopen-2014-007234
http://www.ncbi.nlm.nih.gov/pubmed/25564151
http://www.mayo.edu/research/documents/gmatchsas/doc-10027248
http://www.mayo.edu/research/documents/gmatchsas/doc-10027248
http://dx.doi.org/10.1007/s00268-011-1383-1
http://www.ncbi.nlm.nih.gov/pubmed/22190222


24. Roswall N, Weiderpass E. Alcohol as a Risk Factor for Cancer: Existing Evidence in a Global Perspec-
tive. Journal of preventive medicine and public health = Yebang Uihakhoe chi. 2015; 48(1):1–9. Epub
2015/02/06. doi: 10.3961/jpmph.14.052 PMID: 25652705.

25. Sato N, Lindros KO, Baraona E, Ikejima K, Mezey E, Jarvelainen HA, et al. Sex difference in alcohol-
related organ injury. Alcoholism, clinical and experimental research. 2001; 25(5 Suppl ISBRA):40s–5s.
Epub 2001/06/08. PMID: 11391047.

26. Mezey E. Influence of sex hormones on alcohol metabolism. Alcoholism, clinical and experimental
research. 2000; 24(4):421. Epub 2000/05/08. PMID: 10798574.

27. Baraona E, Abittan CS, Dohmen K, Moretti M, Pozzato G, Chayes ZW, et al. Gender differences in
pharmacokinetics of alcohol. Alcoholism, clinical and experimental research. 2001; 25(4):502–7. Epub
2001/05/01. PMID: 11329488.

28. Li TK, Beard JD, Orr WE, Kwo PY, Ramchandani VA, Thomasson HR. Variation in ethanol pharmacoki-
netics and perceived gender and ethnic differences in alcohol elimination. Alcoholism, clinical and
experimental research. 2000; 24(4):415–6. Epub 2000/05/08. PMID: 10798571.

29. Williams RR. Breast and thyroid cancer and malignant melanoma promoted by alcohol-induced pitui-
tary secretion of prolactin, T.S.H. and M.S.H. Lancet. 1976; 1(7967):996–9. Epub 1976/05/08. PMID:
57445.

30. Chai YJ, Kim SJ, Kim SC, Koo do H, Min HS, Lee KE, et al. BRAFmutation in follicular variant of papil-
lary thyroid carcinoma is associated with unfavourable clinicopathological characteristics and malig-
nant features on ultrasonography. Clinical endocrinology. 2014; 81(3):432–9. Epub 2014/02/20. doi:
10.1111/cen.12433 PMID: 24548081.

31. Razzak AA, Oxentenko AS, Vierkant RA, Tillmans LS, Wang AH, Weisenberger DJ, et al. Alcohol
intake and colorectal cancer risk by molecularly defined subtypes in a prospective study of older
women. Cancer prevention research (Philadelphia, Pa). 2011; 4(12):2035–43. Epub 2011/09/09. doi:
10.1158/1940-6207.capr-11-0276 PMID: 21900595; PubMed Central PMCID: PMCPmc3584678.

32. Schernhammer ES, Giovannucci E, Baba Y, Fuchs CS, Ogino S. B vitamins, methionine and alcohol
intake and risk of colon cancer in relation to BRAFmutation and CpG island methylator phenotype
(CIMP). PloS one. 2011; 6(6):e21102. Epub 2011/07/09. doi: 10.1371/journal.pone.0021102 PMID:
21738611; PubMed Central PMCID: PMCPmc3124479.

Drinking and Thyroid Cancer

PLOS ONE | DOI:10.1371/journal.pone.0151562 March 17, 2016 13 / 13

http://dx.doi.org/10.3961/jpmph.14.052
http://www.ncbi.nlm.nih.gov/pubmed/25652705
http://www.ncbi.nlm.nih.gov/pubmed/11391047
http://www.ncbi.nlm.nih.gov/pubmed/10798574
http://www.ncbi.nlm.nih.gov/pubmed/11329488
http://www.ncbi.nlm.nih.gov/pubmed/10798571
http://www.ncbi.nlm.nih.gov/pubmed/57445
http://dx.doi.org/10.1111/cen.12433
http://www.ncbi.nlm.nih.gov/pubmed/24548081
http://dx.doi.org/10.1158/1940-6207.capr-11-0276
http://www.ncbi.nlm.nih.gov/pubmed/21900595
http://dx.doi.org/10.1371/journal.pone.0021102
http://www.ncbi.nlm.nih.gov/pubmed/21738611

