
INTRODUCTION

Worldwide, the incidence of thyroid cancer has been on 
the rise. According to GLOBOCAN 2018, thyroid cancer 
accounted for 3.1% (567,233) of the total cancer incidence 
and was ranked ninth among the most common types of 
cancer [1]. However, the mortality associated with thyroid 
cancer remains unchanged [1]. In South Korea, which has 
seen the largest increment in prevalence despite an overall 
rapid decrease since 2011, thyroid cancer was the third most 
common cancer accounting for 11.3% (26,051) of all cancers 
in 2016 [2]. Over-diagnosis related to new diagnostic tech-
niques and increased medical surveillance are considered to 
play a major role in this increment and even as a voluntary 
thyroid cancer screening within national cancer screening 
programs [3]. 
 The majority of the patients diagnosed with thyroid can-
cer undergo total thyroidectomy, followed by lifelong thyroid 
replacement therapy. It was reported that people who under-

went total thyroidectomy experienced more problems with 
health-related quality of life [4]. Of late, less invasive options 
are being preferred for the treatment of small papillary thyroid 
cancer, and the wait-and-watch approach is becoming in-
creasingly common for patients with low-risk papillary thyroid 
cancer [5]. Given the relatively young age of patients at diag-
nosis and a survival rate that is even better than in the gener-
al population [2], in the long term, comorbidities play a major 
role in the lives of survivors of thyroid cancer. Studies have 
identified various long-term complications in thyroid cancer 
survivors, including cardiovascular disease [6], and aging-re-
lated problems [7]. These comorbidities are highly attributed 
to lifestyle factors, emphasizing the value of positive health 
behaviors. In general, for cancer survivors, health behaviors 
are becoming increasingly important to prevent recurrence of 
secondary cancer, comorbidities, and decline in quality of life 
[8,9]. However, morbidity and health behavior-related studies 
in thyroid cancer survivors have been rare, possibly because 
of the better survival rate as compared to other forms of can-
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cer.
 Thus, we identified the prevalence of health behaviors, 
including current smoking, drinking, and physical inactivity, in 
thyroid cancer survivors and compared them with non-cancer 
controls. In addition, the factors associated with unhealthy 
behaviors among thyroid cancer survivors were investigated.

MATERIALS AND METHODS

Data source and study population
In this study, we analyzed baseline data from the Health Ex-
aminees (HEXA) study [10], a part of the Korean Genome 
and Epidemiology Study (KoGES) undertaken by the Nation-
al Institutes of Health and Centers for Disease Control and 
Prevention. The KoGES is a large-scale prospective cohort 
study to investigate the relationship between genetic and en-
vironmental factors and chronic diseases. Questionnaires are 
used to collect information on sociodemographic character-
istics, physical activity, drinking and smoking habits, disease 
treatment status, medical and family history, drug usage, and 
biospecimens, as well as laboratory measurement data [11]. 
A total of 173,357 individuals aged 40 to 79 participated in the 
HEXA from 2004 to 2013. Details of the HEXA design can be 
referred to elsewhere [10].
 In this study, thyroid cancer survivors were defined as 
those who self-reported a clinical diagnosis on the question-
naire. Age at thyroid cancer diagnosis and current treatment 
status were the additional details collected. There were 942 
(75 males and 867 females) subjects who had ever been 
diagnosed with thyroid cancer. “Cancer survivors” have been 
defined in varying ways by different researchers [12] and this 
study applied the broad definition proposed by the National 
Coalition for Cancer Survivorship [13] to include all individu-
als who had ever been diagnosed with thyroid cancer. The 
non-cancer controls, numbering 155,317, were those who 
reported that they never been diagnosed with any type of 
cancer. The thyroid cancer survivors and non-cancer controls 
were matched by age (five-year age groups), sex, educa-
tional attainment (under high school or above college), and 
household income (less than $2,700/mo or over $2,700/mo 
considering the median value of household income) at a ratio 
of 1 : 10. Finally, the number of matched subjects included 
942 survivors and 9,420 non-cancer controls in the analysis.

Variables
The outcome variables were current health behaviors, includ-
ing smoking, drinking, and physical inactivity, at the time of 
the survey. Current smoking was defined as having smoked 
more than 100 cigarettes over the lifetime and being a smok-
er at the time of the survey. If subjects did not meet these 
criteria, they were classified as non-current smokers. Current 
drinking was defined on the basis of consuming alcohol once 
or more per month during the last one year. If subjects did not 
meet this criterion, they were classified as non-current drink-

ers. According to previous guideline [14], physical inactivity 
was defined as < 150 minutes of regular sweaty exercise per 
week.
 Other variables included as covariates were age, sex, mar-
ital status (married/cohabitating, divorced/widowed/unmar-
ried), educational attainment (under high school, above col-
lege), household income (less than $2,700/mo, over $2,700/
mo), employment status (unemployed, employed), self-rated 
health status (healthy, normal, or unhealthy), family history of 
cancer, and years since diagnosis (1-5, 6-10, or ≥ 11 years). 
Comorbid chronic diseases were classified as “yes” if any of 
the following disease were met based on the past medical 
diagnosis in survey: hypertension, diabetes, dyslipidemia, 
stroke, transient ischemic attacks, angina or myocardial in-
farction, colon polyp, fatty liver, chronic liver disease or liver 
cirrhosis, gallbladder stone or cholecystitis, thyroid disease, 
arthritis, and osteoporosis. Body mass index (BMI, kg/m2) 
was classified as < 25 kg/m2 and ≥ 25 kg/m2 according to the 
WHO criteria for the Asian population [15]. 

Statistical analysis
The baseline sociodemographic characteristics and current 
health behaviors of thyroid cancer survivors and non-cancer 
controls were compared using the independent two sample 
t-test and chi-square test. All P-values were two-sided and the 
significance level was set at 0.05. To identify whether thyroid 
cancer survivors showed better or worse health behaviors 
(current smoking, current drinking, physical inactivity) com-
pared with non-cancer controls, conditional logistic regression 
was used, adjusting for the other covariates including marital 
status, employment status, self-rated health status, comorbid 
chronic diseases, family history of cancer, years since diag-
nosis, investigation sites (hospital), and survey year. 
 To identify the baseline characteristics associated with un-
healthy behaviors in thyroid cancer survivors, we conducted a 
multivariate logistic regression including age, sex, marital sta-
tus, educational attainment, household income, employment 
status, self-rated health status, comorbid chronic diseases, 
family history of cancer, years since diagnosis, investigation 
sites (hospital), survey year, BMI, smoking, drinking, and 
physical inactivity. Any missing information on each variable 
was treated as dummy and included in the analysis. All anal-
yses were performed with SAS ver. 9.4 (SAS Institute, Cary, 
NC, USA).

RESULTS

Table 1 depicts the sociodemographic characteristics of the 
942 thyroid cancer survivors and matched 9,420 non-cancer 
controls. The matched variables (age, sex, educational attain-
ment, and household income) and marital status, BMI were 
not different between the two groups. The other variables, 
which included employment status, self-rated health status, 
comorbid chronic diseases, and family history of cancer, 
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Table 1. Comparison of sociodemographic characteristics between thyroid cancer survivors and matched non-cancer controls

Characteristic Thyroid cancer survivors
(n = 942)

Non-cancer controls 
(n = 9,420) P-valuea

Age (yr) 53.0 (52.5-53.5) 53.0 (52.8-53.1) 0.932
   < 50 312 (33.1) 3,120 (33.1) > 0.999
   50-54 250 (26.5) 2,500 (26.5)
   55-59 179 (19.0) 1,790 (19.0)
   ≥ 60 201 (21.4) 2,010 (21.4)
Sex
   Male 75 (8.0) 750 (8.0) > 0.999
   Female 867 (92.0) 8,670 (92.0)
Marital status
   Divorced/widowed/unmarried 101 (10.7) 1,111 (11.8) 0.596
   Married/cohabitating 837 (88.9) 8,275 (87.8)
   Missing 4 (0.4) 34 (0.4)
Educational attainment
   ≤ High school 672 (71.3) 6,755 (71.7) 0.968
   > College 263 (27.9) 2,598 (27.6)
   Missing 7 (0.8) 67 (0.7)
Household income
   < $2,700/mo 250 (26.5) 2,494 (26.5) 0.942
   ≥ $2,700/mo 614 (65.2) 6,115 (64.9)
   Missing 78 (8.3) 811 (8.6)
Employment status
   Unemployed 601 (63.8) 5,276 (56.0) < 0.001
   Employed 331 (35.1) 3,957 (42.0)
   Missing 10 (1.1) 187 (2.0)
Self-rated health status
   Healthy 228 (24.2) 3,480 (37.0) < 0.001
   Normal-unhealthy 710 (75.4) 5,870 (62.3)
   Missing 4 (0.4) 70 (0.7)
Comorbid chronic diseasesb

   No 390 (41.4) 5,560 (59.0) < 0.001
   Yes 552 (58.6) 3,860 (41.0)
Family history of cancer (any type)
   No 584 (62.0) 6,696 (71.1) < 0.001
   Yes 354 (37.6) 2,686 (28.5)
   Missing 4 (0.4) 38 (0.4)
Years since diagnosis
   1-5 574 (60.9) - -
   6-10 161 (17.1) -
   ≥ 11 89 (9.5) -
   Missing 118 (12.5) -
Body mass index
   < 25 kg/m2 671 (71.2) 6,612 (70.2) 0.445
   ≥ 25 kg/m2 270 (28.7) 2,778 (29.5)
   Missing 1 (0.1) 30 (0.3)
Current smoking
   No 914 (97.0) 8,958 (95.1) 0.008
   Yes 22 (2.3) 418 (4.4)
   Missing 6 (0.7) 44 (0.5)
Current drinking
   No 687 (72.9) 6,131 (65.1) < 0.001
   Yes 250 (26.6) 3,258 (34.6)
   Missing 5 (0.5) 31 (0.3)
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showed significantly different distributions between thyroid 
cancer survivors and non-cancer controls.
 The prevalence of current smoking, current drinking, and 
physical inactivity in thyroid cancer survivors was 2.3%, 26.6%, 
and 52.0%, respectively, and in non-cancer controls these 
rates were 4.4%, 34.6%, and 59.4%, respectively (Table 1). 
Therefore, the prevalence of these unhealthy behaviors was 
significantly lower in thyroid cancer survivors compared with 
matched non-cancer controls. When we stratified participants 
by sex, among thyroid cancer survivors, the prevalence of 
unhealthy behaviors was higher among males than females: 
smoking (13.3% and 1.4%), drinking (57.3% and 23.9%), 
and physical inactivity (53.3% and 51.9%) (Fig. 1). Thyroid 
cancer survivors were less likely to be current drinking or be 
physically inactive than the non-cancer controls (adjusted OR 
[aOR] = 0.46 [95% CI = 0.29-0.74] and aOR = 0.65 [95% CI 
= 0.44-0.96]) (Table 2).
 The associations between sociodemographic characteristics 
and health behaviors in cancer survivors are shown in Table 
3. Female thyroid cancer survivors and those with a family 
history of cancer were less likely to be current smokers (aOR = 
0.04 [95% CI = 0.01-0.22] and aOR = 0.25 [95% CI = 0.07-
0.90]). Those who smoked were more likely to drink (aOR = 
4.55 [95% CI = 1.61-12.85]) and those who were physically 
inactive were less likely to drink (aOR = 0.58 [95% CI = 0.42-
0.82]). With every one-year increment in age, the likelihood 
of female thyroid cancer survivors drinking alcohol reduced 
further (aOR = 0.95 [95% CI = 0.93-0.98] and aOR = 0.21 
[95% CI = 0.11-0.38]). Family history of cancer was associ-
ated with a higher likelihood of current drinking (aOR = 1.43 

[95% CI = 1.03-2.00]). Current drinking and being physically 
inactive contributed to a higher likelihood of smoking (aOR = 
4.31 [95% CI = 1.35-13.73] and aOR = 6.34 [95% CI = 1.65-
24.34]). Thyroid cancer survivors who were employed, had 
lower self-rated health status (normal or unhealthy), and were 
current smokers were associated with higher physical inactiv-
ity (aOR = 1.73 [95% CI = 1.26-2.39], aOR = 1.48 [95% CI = 
1.05-2.08], and aOR = 6.21 [95% CI = 1.87-20.56], respec-
tively). Those with comorbid chronic diseases and current 
drinkers were more likely to be physically active (aOR = 0.71 
[95% CI = 0.52-0.96] and aOR = 0.59 [95% CI = 0.42-0.83]). 

Table 2. Health behaviors in thyroid cancer survivors compared with non-cancer controls 

Characteristic Crude ORa (95% CI) P-value Adjusted ORb (95% CI) P-value

Current smoking 0.48 (0.31-0.75) 0.001 0.35 (0.08-1.56) 0.169
Current drinking 0.66 (0.56-0.77) < 0.001 0.46 (0.29-0.74) 0.001
Physical inactivityc 0.70 (0.61-0.80) < 0.001 0.65 (0.44-0.96) 0.031

aOR considering only the association between each outcome (current smoking, current drinking, and physical inactivity) and group (cancer 
survivors and non-cancer controls). bThe result of analyzing the thyroid cancer survivors and matched non-cancer controls by adjusting the 
associations of marital status, employment status, self-rated health status, comorbid chronic diseases, family history of cancer, years since 
diagnosis, investigation sites (hospital), and survey year with outcomes using conditional logistic regression. cModerate-intensity aerobic 
exercise ˂ 150 min/wk was deemed physical inactivity. 

Table 1. Continued

Characteristic Thyroid cancer survivors
(n = 942)

Non-cancer controls 
(n = 9,420) P-valuea

Physical inactivity
   ≥ 150 min/wk 435 (46.2) 3,496 (37.1) < 0.001
   < 150 min/wk 490 (52.0) 5,596 (59.4)
   Missing 17 (1.8) 328 (3.5)

Values are presented as mean (95% CI) or number (%). aThe P-value is the result of the independent two sample t-test or chi-square test. 
bChronic diseases diagnosed by a physician in the past included hypertension, diabetes, dyslipidemia, stroke, transient ischemic attacks, 
angina or myocardial infarction, colon polyp, fatty liver, chronic liver disease or liver cirrhosis, gallbladder stone or cholecystitis, thyroid 
disease, arthritis, and osteoporosis.
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Figure 1. Prevalence of cancer survivors and non-cancer controls 
as well as stratified by sex.
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DISCUSSION

In this study, we compared the health behaviors of thyroid 
cancer survivors and non-cancer controls and identified 
factors related to unhealthy behaviors in survivors. Current 
alcohol consumption and physical inactivity in thyroid cancer 
survivors were significantly lower than non-cancer controls. 

When classified by sex, the prevalence of unhealthy behav-
iors was higher in male thyroid cancer survivors than in fe-
male thyroid cancer survivors.
 Previous studies with representative subjects in western 
and Korean countries have shown that cancer survivors had 
better behavior than non-cancer controls in smoking and 
drinking [16,17]. While others have demonstrated that nega-

Table 3. Association between sociodemographic characteristics and health behaviors among thyroid cancer survivors 

Characteristic
Current smoking Current drinking Physical inactivitya

aOR (95% CI)b P-value aOR (95% CI)b P-value aOR (95% CI)b P-value

Age, one-year increment 0.90 (0.83-0.99) 0.021 0.95 (0.93-0.98) < 0.001 0.99 (0.96-1.01) 0.226
Sex
   Male 1 1 1
   Female 0.04 (0.01-0.22) < .001 0.21 (0.11-0.38) < 0.001 1.05 (0.58-1.91) 0.864
Marital status
   Divorced/widowed/unmarried 1 1 1
   Married/cohabitating 0.49 (0.09-2.83) 0.425 0.79 (0.45-1.37) 0.393 0.78 (0.48-1.27) 0.317
Educational attainment
   ≤ High school 1 1 1
   > College 0.49 (0.11-2.13) 0.339 0.64 (0.43-0.95) 0.028 1.28 (0.90-1.83) 0.166
Household income
   < $2,700/mo 1 1 1
   ≥ $2,700/mo 1.53 (0.36-6.51) 0.566 0.94 (0.62-1.43) 0.769 0.83 (0.57-1.19) 0.304
Employment status
   Unemployed 1 1 1
   Employed 0.70 (0.21-2.37) 0.565 1.19 (0.83-1.70) 0.349 1.73 (1.26-2.39) 0.001
Self-rated health status
   Healthy 1 1 1
   Normal-unhealthy 1.54 (0.44-5.42) 0.503 0.74 (0.50-1.09) 0.124 1.48 (1.05-2.08) 0.024
Comorbid chronic diseasesc

   No 1 1 1
   Yes 1.03 (0.30-3.55) 0.968 0.76 (0.54-1.07) 0.118 0.71 (0.52-0.96) 0.026
Family history of cancer (any type)
   No 1 1 1
   Yes 0.25 (0.07-0.90) 0.034 1.43 (1.03-2.00) 0.034 0.99 (0.74-1.33) 0.942
Years since diagnosis
   1-5 1 1 1
   6-10 0.96 (0.21-4.37) 0.953 1.32 (0.85-2.04) 0.220 1.77 (1.19-2.63) 0.005
   ≥ 11 1.78 (0.26-12.07) 0.555 1.35 (0.77-2.36) 0.293 0.82 (0.50-1.34) 0.425
Body mass index
   < 25 kg/m2 1 1 1
   ≥ 25 kg/m2 1.22 (0.38-3.91) 0.734 1.05 (0.73-1.50) 0.806 1.01 (0.74-1.37) 0.968
Current smoking
   No - 1 1
   Yes - 4.55 (1.61-12.85)f 0.004 6.21 (1.87-20.56)g 0.003
Current drinking
   No 1 - 1
   Yes 4.31 (1.35-13.73)d 0.014 - 0.59 (0.42-0.83) 0.002
Physical inactivity
   ≥ 150 min/wk 1 1 -
   < 150 min/wk 6.34 (1.65-24.34)e 0.007 0.58 (0.42-0.82) 0.002 -

aThyroid cancer survivors who did not exercise at moderate intensity for ˃ 150 min/wk. bThe adjusted ORs (aORs) were adjusted for the 
variables in the tables, in addition to investigation sites (hospital), and survey year. cChronic diseases diagnosed by a physician in the past 
included hypertension, diabetes, dyslipidemia, stroke, transient ischemic attacks, angina or myocardial infarction, colon polyp, fatty liver, 
chronic liver disease or liver cirrhosis, gallbladder stone or cholecystitis, thyroid disease, arthritis, and osteoporosis. d-gSince the range of 
CI was very wide, the number of cases and total (case/total) was presented as 15/22, 17/22, 15/250, and 17/490, respectively.
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tive health behaviors are more common in cancer survivors—
higher current smoking rates, particularly among younger [18] 
and gynecological cancer survivors [19], higher rates of alco-
hol consumption [18], and a higher likelihood of being physi-
cally inactive [19]. Even among cancer survivors, the pattern 
of health behaviors has been shown to differ according to the 
type of cancer, such as more negative behaviors in cervical 
cancer survivors [20]. Such results might be attributed to the 
different disease characteristics, risk factors, patients’ and 
survivors’ characteristics by cancer type. 
 Regarding thyroid cancer, the survival rate of which is 
better than other types of cancer, quality of life, associated 
sociodemographic factors, health behavioral factors, and 
medical factors have previously been investigated [21]. A pre-
vious study showed that the nutrition intake in thyroid cancer 
survivors was comparable to that of the general population, 
except for the slightly higher intake of calcium and iron, and 
differed from the intake of survivors of other major cancers, 
with higher carbohydrate and lower fat and protein consump-
tion [22], suggesting that the eating pattern of thyroid cancer 
survivors is similar to the general population. However, in 
terms of health behaviors, thyroid cancer survivors showed 
more positive behaviors than survivors of other types of can-
cer [16,17]. 
 Another finding of this study concerns the clustering of 
health behaviors. Current smoking was correlated with higher 
alcohol consumption and physical inactivity. This kind of clus-
tering has been observed in previous study on cancer survi-
vors [16] as well as the general population [23]. One notable 
finding in the present study was that there was a negative 
correlation between physical inactivity and current alcohol 
consumption; in other words, those who were physically ac-
tive were more likely to be current drinkers. This finding was 
not consistent with previous studies [16,23]. In South Korea, 
drinking is considered a way of maintaining a sense of com-
munity and is a part of work and leisure gatherings [24]. It 
is considered that there is a significant correlation between 
social networks and exercise behavior [25]. Thus, physically 
active survivors might have had more opportunities to devel-
op social relationships and consume alcohol.
 While it is known that females have better health-related 
lifestyles than males in the general population and cancer 
survivors [26,27], interestingly, studies show that the preva-
lence of smoking is higher in female cancer survivors than 
non-cancer subjects with significant sex-drinking/smoking 
interaction [17]. However, in this study, female thyroid cancer 
survivors showed healthier behaviors than male thyroid can-
cer survivors in terms of both smoking and drinking but did 
not show differences in physical activity. In South Korea, the 
prevalence of smoking and drinking in the general population 
is much higher in males than females, but the prevalence of 
physical activity does not vary much by sex, and this pattern 
seems to have been reflected in the population of thyroid 
cancer survivors as well [28]. 

 The result of the association between increments in age 
and the lower likelihood of current drinking in this study was 
also observed in other study [16]. The associations between 
employment, self-rated health status, and higher physical 
inactivity as well as the correlation between comorbidities 
and lower physical inactivity were comparable with a pre-
vious study on gastric cancer survivors [27]. Long working 
hours could be a reason for the increased physical inactivity 
in employees. Higher physical inactivity in cancer survivors 
with lower self-rated health status was observed in a previous 
study [29] as well as the general population [30]. Reports of 
lower physical inactivity in survivors with comorbidities contra-
dicted what was observed in our study [31]. As thyroid cancer 
survivors have a better survival rate than survivors of other 
types of cancer, those with chronic diseases may have op-
portunities to be educated about the importance of exercise 
during their visits to primary physicians, rather than cancer 
specialists who are mostly focused on treatment [32]. 
 Several limitations of this study should be mentioned. 
First, those who had undergone medical examination at ur-
ban cities were recruited as participants in the HEXA study; 
thus, they may not be representative of the South Korean 
population, especially those who do not participate in health 
examinations or lived in rural areas. Therefore, thyroid can-
cer survivors selected from HEXA participants may not be 
representative of all thyroid cancer survivors as well. Second, 
thyroid cancer survivors who died before the study or were 
hospitalized or in care centers did not have the chance to 
participate in the HEXA study. Third, thyroid cancer survivors 
were identified based on the response to the question regard-
ing past disease history; therefore, the determination of the 
study population may have been faulty. However, previous 
study on cancer survivors identified the target populations in 
the same manner as us [17]. Self-reported cancer history has 
been reported to be valid, especially the positive predictive 
value of thyroid cancer was 96.1%, which was the highest 
compared to other cancers [33]. Fourth, information on thy-
roid cancer stage and specific treatments was not available. 
In addition, patients with other cancers prior to thyroid cancer 
were included in the analysis as thyroid survivors, despite 
patients with multiple sites of cancer have distinct charac-
teristics compared with other cancer survivors with single 
site. However, as the number of patients with other cancer 
histories was smaller than that of all thyroid cancer survivors 
(24 of 924), the effect on the analysis results is considered to 
be insignificant. Fifth, unhealthy behaviors such as smoking, 
drinking, and physical inactivity could have been under-re-
ported because of social desirability bias. Finally, we applied 
baseline data of the HEXA study, thus temporal relationships 
or causality could not be assessed. 
 Despite these limitations, as per the authors’ knowledge, 
this is the first study to investigate health behaviors and 
their associated factors in a relatively large sample of thy-
roid cancer survivors. In addition, thyroid cancer survivors 
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were matched by sex, age, educational level, and income to 
non-cancer controls to increase comparability between the 
two groups. 
 In conclusion, this study identified significant differences in 
the prevalence of thyroid cancer survivors and non-cancer 
controls based on several sociodemographic factors and 
health behaviors, such as smoking, alcohol consumption, 
and physical inactivity. Notably, we observed comparison of 
unhealthy behaviors among thyroid cancer survivors, which 
has not been reported in the literature. As thyroid cancer has 
a high survival rate and an increasing number of survivors, 
management, including health behaviors, is becoming an 
important issue. Compared to the non-cancer control group, 
thyroid cancer survivors had good lifestyles, but the clustering 
of unhealthy behaviors made it difficult to maintain good be-
haviors after thyroid cancer diagnosis. Based on identification 
of thyroid cancer survivors’ health behaviors, there is a need 
for opportunities to improve their quality of life through medi-
cal intervention.
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