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Obesity is a risk factor for many cancers including breast, esophageal, colon, and thyroid cancer. We
aimed to evaluate the association of thyroid cancer with body mass index (BMI), waist circumference

© (WCQ), and weight change. This nationwide population-based cohort study included 11,323,006 adults

. who joined the national health screening program. Weight change was defined as the difference

. between the weight of the subjects measured during the study period and the weight at the time of four

. years ago. For evaluating the association between the weight change and the risk of thyroid cancer,

. subjects without weight change for four years were defined as the reference group. Mean age was
50.1113.7 years and 44% were female. In total, 50,464 subjects (0.4%) had newly-diagnosed thyroid

. cancer. After multivariable analyses, the incidence of thyroid cancer increased significantly in subjects

: with larger WC as well as higher BMI (P < 0.001 and P < 0.001, respectively). In subjects who were lean

. and became obese, the incidence of thyroid cancers increased significantly (hazard ratio [HR] 1.15
[1.11-1.19]). In subjects who were obese and became lean, the incidence of thyroid cancers decreased
significantly (HR 0.89 [0.86-0.93]). These results demonstrated that higher BMI and larger WC were
significantly associated with an increased risk of thyroid cancer. Weight gain in lean subjects was
associated with an increased risk of thyroid cancer, and weight reduction in subjects with obesity was
associated with a decreased risk of thyroid cancer.

Obesity is a medical condition defined as excessive accumulation of body fat™ It is a well-known risk factor for
several cancers including breast cancer, endometrial cancer, colon cancer, esophageal adenocarcinoma, prostate
: cancer, liver cell carcinoma, leukemia, non-Hodgkin lymphoma, and melanoma®-¢. Obesity has become more
. prevalent worldwide and is a major public health issue’. In Korea, the prevalence of obesity has steadily increased
. from 28% in 2006 to 32% in 2015 and the prevalence of abdominal obesity has also steadily increased from 18%
in 2009 to 21% in 2015%. In the Unites States, the prevalence of obesity increased from 13% to 35% between
© 1960-1962 and 2011-2012%'°. Similarly, the incidence of thyroid cancer has been increasing throughout the
. world during the last decades!!"*3.
: Recently, several studies have reported that obesity is positively associated with an increase in the risk of
. thyroid cancer>!*?!. Because body mass index (BMI) is a widely used measure for obesity, the association
© between higher BMI and the risk of thyroid cancer is well known®!#-2!, Other anthropometric markers such
* as waist circumference (WC) and weight gain could reflect central adiposity and body fat mass®'-2*. However,
. the association between WC and the risk of thyroid cancer is conflicting'®2-?%?’. A study from the United States
. demonstrated that subjects with large WC had significantly higher incidences of thyroid cancer in both males
and females?. However, another study demonstrated that there was no significant association between WC and
- risk of thyroid cancer”. Weight gain is dynamic and represents the accumulation of body fat mass rather than
. lean mass*>?%. It was related to unfavorable fat distribution, reduced metabolic efficiency, and the increased risk
. of adiposity-related cancers such as breast cancer, endometrial cancer, ovarian cancer, colon cancer, and kidney
cancer®. However, the association between weight change and risk of thyroid cancer remains debatable?®?7-2-31,
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Previous studies had suggested a positive association between weight gain and risk of thyroid cancer?*?. while
other studies had demonstrated no significant associations?”*3!.

In the present study, we aimed to evaluate the associations of thyroid cancer with BMI, WC and weight change
using a large population-based cohort from on the Korean National Health Screening database.

Methods

Study design and subjects. In this nationwide population-based cohort study, 11,501,967 subjects age 20
years or older who joined the national health screening program from 2009 to 2012 were included. This retro-
spective cohort data was collected by the Korean National Health Insurance Service (NHIS), which is managed
by the government®*-**. Most of Korea’s 50 million in population is included in the Korean NHIS, because the
Korean government provides a health insurance system, one of a social security system®*-*%. The national health
screening program enables all insured Koreans who are at least 40 years old, along with their dependents to
have a universal health checkup every 2 years*-*. Retrospective cohort data using the national health screening
database, which represent most of the Korean population, includes medical information such as health behav-
iors using self-reporting questionnaires, bio-clinical variables from anthropometric measurements and labora-
tory tests for blood and urine, medical history, medical treatment, and information on insurance claims from
reported International Classification of Diseases, Tenth Revision (ICD-10) codes®**. This study was approved
by the Institutional Review Board of Kangbuk Samsung Hospital. All research was performed in accordance
with relevant guidelines and regulations. Informed consent requirement was waived because personal identifying
information was not accessed.

Anthropometric measurements. Measurements of height, weight, WC, blood pressure and laboratory
data were collected. BMI was calculated using the following formula; the weight in kilograms divided by the
square of the height in meters (kg/m?). We divided BMI into 5 categories based on the guideline of the Korean
Society for the Study of Obesity (KSSO) and recommendations of World Health Organization (WHO) of
Asia-Pacific perspective?**: underweight (< 18.5kg/cm?), normal-weight (18.5-22.9 kg/cm?), overweight (23.0-
24.9kg/cm?), obesity (25.0-29.9kg/cm?), and severely obese (>30.0kg/cm?)>**. WC, measured at the superior
border of the iliac crest, was categorized into 6 levels as follows: WC for males, <80, 80-85, 85-90, 90-95, 95-100,
>100 cm, WC for female, <75, 75-80, 80-85, 85-90, 90-95, >95 cm. Weight change was defined as the difference
between the weight of the subjects measured during the study period and the weight at the time of four years
ago*”. Because most of the insured Koreans have a universal health checkup every 2 years*™=, it was available that
information on the body weight at the time of four years ago in subjects who received a health checkup between
2009 and 2012%.

Basic information and health-related behaviors like smoking (non-smoker, ex-smoker, or current smoker),
alcohol intake (none, 1-3 times/month, >1 time/week), and regular physical activity were collected with stand-
ardized self-reporting questionnaires®.

Definition of disease condition. Patients with thyroid cancer were defined as having the ICD-10 code C73,
and we excluded patients who were diagnosed with thyroid cancer prior to the study period. Diabetes was defined
as a fasting blood glucose level >126 mg/dL (>7 mmol/L), or the presence of one or more claims per year for
anti-hyperglycemic medications with ICD-10 codes E10-14*. Hypertension was defined as systolic blood pres-
sure (SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90 mmHg, or the presence of one or more claims per
year for anti-hypertensive medications with ICD-10 codes I10-115. Dyslipidemia was defined as total cholesterol
levels >240 mg/dL (>6.22 mmol/L), low-density lipoprotein (LDL)-cholesterol > 100 mg/dL (>2.59 mmol/L),
triglycerides > 150 mg/dL (>3.88 mmol/L), high-density lipoprotein (HDL)-cholesterol < 40 mg/dL
(<1.04 mmol/L) in men or <50 mg/dL (<1.29 mmol/L) in women, or the presence of one or more claims per year
for anti-dyslipidemic medications with ICD-10 code E78. Regular physical activity was defined as more than one
day of moderate-intensity or vigorous intensity in a week using self-reporting questionnaires. Hypothyroidism
and hyperthyroidism were defined using ICD-10 codes (E02, E03, E05, and E06.3), medication, and treatment,
as our previous study®®.

Statistical Analysis. For statistical analysis, SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) was used.
We excluded subjects who were diagnosed as thyroid cancer at the first years of follow-up and censor date was
31th December 2015. Considering the effect of hypothyroidism or hyperthyroidism on weight, we excluded par-
ticipants taking thyroid hormone because of hypothyroidism or undergoing treatment because of hyperthyroid-
ism at the time of enrollment of this study. Continuous variables are expressed as means + standard deviations.
Categorical variables are presented as numbers and percentages. The incidence rate of thyroid cancer was calcu-
lated by dividing the number of incident cases by the total follow-up period and presented per 1,000 person-years.
The risk of thyroid cancer was analyzed with a Cox proportional hazard model in order to evaluate hazard ratios
(HRs) with 95% confidence intervals (CIs) according to BMI, WC, and weight change. Multivariable analyses
were adjusted for age, sex, smoking status, alcohol intake, regular physical activity, diabetes, hypertension, and
dyslipidemia. For evaluating the association between the weight change and the risk of thyroid cancer, subjects
without weight change for four years were defined as the reference group. P for trend analyses according to BMI
and WC were performed with a general linear model. All P-values were two-sided and P < 0.05 was considered
statistically significant.
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N (%) 11,323,006 (100) 6,286,343 (56) 5,036,663 (44)
Age (yr) 50.14+13.7 48.6+133 52.1+£13.9
Height (cm) 163.6+9.3 169.7+6.4 156.0+6.2
Weight (kg) 64.1+115 70.0£10.4 56.8+8.3
BMI (kg/cm?) 238432 242430 233433
BMI category
(kg/cm?)
<185 372,964 (3.3) 127,374 (2.0) 245,590 (4.9)
18.5-23 4,277,580 (37.8) 2,036,484 (32.4) 2,241,096 (44.5)
23-25 2,905,362 (25.7) 1,745,214 (27.8) 1,160,148 (23.0)
25-30 3,380,896 (29.9) 2,156,340 (34.3) 1,224,556 (24.3)
>30 386,204 (3.4) 220,931 (3.5) 165,273 (3.3)
WC (cm) 80.8+8.9 84.0+7.7 769488
WC category
(male/female) (cm)
<80/75 3,832,558 (33.9) 1,699,595 (27.0) 2,132,963 (42.4)
—85/80 2,748,903 (24.3) 1,697,214 (27.0) 1,051,689 (20.9)
—90/85 2,381,362 (21.0) 1,480,917 (23.6) 900,445 (17.9)
—95/90 1,403,792 (12.4) 876,655 (14.0) 527,137 (10.5)
—100/95 624,926 (5.5) 359,125 (5.7) 265,801 (5.3)
>100/95 331,465 (2.9) 172,837 (2.8) 158,628 (3.2)
Smoking
non-smoker 6,813,661 (60.2) 1,960,324 (31.2) 4,853,337 (96.4)
ex-smoker 1,853,216 (16.4) 1,784,410 (28.4) 68,806 (1.4)
current smoker 2,656,129 (23.5) 2,541,609 (40.4) 114,520 (2.3)
Alcohol intake
none 6,010,066 (53.1) 2,060,283 (32.8) 3,949,783 (78.4)
fll‘_lg times/month) 4,588,581 (40.5) 3,532,283 (56.2) 1,056,298 (21.0)
?"zoldfifltee/week) 724,359 (6.4) 693,777 (11.0) 30,582 (0.6)
gﬁi;lgl activity (yes) 6,043,929 (53.4) 3,775,278 (60.0) 2,268,651 (45.0)
Diabetes mellitus 1,106,203 (9.8) 680,418 (10.8) 425,785 (8.5)
Hypertension 3,244,666 (28.7) 1,842,107 (29.3) 1,402,559 (27.9)
Dyslipidemia 2,407,672 (21.3) 1,190,861 (18.9) 1,216,811 (24.2)
Chronic kidney disease 721,443 (6.4) 347,662 (5.5) 373,781 (7.4)
Place (urban) 5,055,577 (44.7) 2,759,282 (43.9) 2,296,295 (45.6)
E'eyfv‘f;dd?igﬁiie " 50,464 (0.4) 14,765 (0.2) 35,699 (0.7)

Table 1. Baseline characteristics of subjects. Continuous variables are expressed as means + standard
deviations. Categorical variables are presented as numbers (percentages). BMI, body mass index; WC, waist
circumference. Regular physical activity was defined as more than one day of moderate-intensity or vigorous
intensity in a week using self-reporting questionnaires.

Results

Baseline characteristics of subjects. In total, 11,323,006 adults were included in this study. Baseline
characteristics of subjects are shown in Table 1. The mean age was 50.1 &= 13.7 years and 44% of the subjects
were female. The mean height was 163.6 £ 9.3 cm and the mean weight was 64.1 £ 11.5 kg. The mean BMI was
23.8 +3.2kg/m? In total, 3.3% of subjects were underweight (BMI < 18.5kg/m?), 37.8% were normal-weight
(BMI 18.5-22.9kg/m?), 25.7% were overweight (BMI 23.0-24.9 kg/m?), 29.9% were obese (BMI 25.0-29.9kg/
m?), and 3.4% were severely obese (BMI > 30.0kg/m?). The mean WC was 80.8 = 8.9 cm. For a median follow-up
time was 4.39 years (3.31-5.17 years), a total of 50,464 subjects (0.4%) had newly diagnosed thyroid cancer.

Incidence of thyroid cancer according to BMI and WC categories. We evaluated the incidence of
thyroid cancer according to BMI categories (Table 2). After adjusting for age, sex, smoking, alcohol intake, regular
physical activity, diabetes, hypertension, and dyslipidemia, the incidence of thyroid cancer significantly increased
as BMI increased (P for trend < 0.001, Table 2, Fig. 1A). There were dose-response association between BMI and
the incidence of thyroid cancer in both males and females.

Incidence of thyroid cancer was analyzed according to WC categories in both males and females (Table 2). In
multivariable analysis, the incidence of thyroid cancer significantly increased in subjects as WC increased in both
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Total
BMI category (kg/m?) <0.001
<18.5 0.82 0.64 (0.61-0.68)
18.5-22.9 1.04 1 (reference)
23-24.9 1.06 1.26 (1.23-1.29)
25.0-29.9 1.09 1.38 (1.35-1.41)
>30.0 1.34 1.52 (1.45-1.59)
WC category (Male/Female cm) <0.001
<80/75 1.08 1 (reference)
—85/80 1.02 1.27 (1.24-1.30)
—90/85 1.04 1.36 (1.32-1.39)
—95/90 1.05 1.40 (1.36-1.45)
—100/95 1.14 1.46 (1.40-1.52)
>100/95 1.24 1.48 (1.40-1.56)
Male
BMI category (kg/m?) <0.001
10.4-18.5 0.24 0.64 (0.54-0.75)
18.5-22.9 0.41 1 (reference)
23-24.9 0.55 1.30 (1.24-1.36)
25.0-29.9 0.65 1.52 (1.46-1.59)
30.0-64.1 0.83 1.89 (1.74-2.05)
WC category (cm) <0.001
52-80 0.40 1 (reference)
80-85 0.52 1.31 (1.25-1.38)
85-90 0.59 1.52 (1.44-1.59)
90-95 0.64 1.68 (1.58-1.78)
95-100 0.72 1.89 (1.76-2.03)
100-121 0.81 2.10(1.92-2.30)
Female
BMI category (kg/m?) <0.001
10.6-18.5 1.12 0.64 (0.60-0.67)
18.5-22.9 1.62 1 (reference)
23-24.9 1.85 1.26 (1.22-1.29)
25.0-29.9 1.90 1.33 (1.30-1.37)
30.0-55.3 2.01 1.39 (1.31-1.47)
WC category (cm) <0.001
52-75 1.64 1 (reference)
75-80 1.86 1.22 (1.19-1.26)
80-85 1.80 1.26 (1.22-1.29)
85-90 1.75 1.25(1.21-1.30)
90-95 1.71 1.26 (1.20-1.32)
95-121 1.70 1.24 (1.16-1.32)

Table 2. Incidence of thyroid cancer according to body mass index and waist circumference categories. Hazard
ratio (95% Confidence interval) was adjusted for age, sex, smoking, alcohol intake, regular physical activity,
diabetes, hypertension, and dyslipidemia. BMI, body mass index; WC, waist circumference.

males and females (P for trend < 0.001, Table 2, Fig. 1B). The HRs for males for each WC category were as fol-
lows: WC < 80 cm (reference), 80-85cm (HR 1.31 [1.25-1.38]), 85-90 cm (HR 1.52 [1.44-1.59]), 90-95 cm (HR
1.68 [1.58-1.78]), 95-100 cm (HR 1.89 [1.76-2.03]), and >100 cm (HR 2.10 [1.92-2.30]). The HRs for females
for each WC category were as follows: WC < 75 cm (reference), 75-80 cm (HR 1.22 [1.19-1.26]), 80-85cm (HR
1.26 [1.22-1.29]), 85-90 cm (HR 1.25 [1.21-1.30]), 90-95 cm (HR 1.26 [1.20-1.32]), and >95 cm (HR 1.24
[1.16-1.32]).

When we performed an additional analysis after excluding underweight participants, the results showed sim-
ilar trends (Supplementary Table 1).

Risk of thyroid cancer according to weight change. We evaluated the association between weight
change and the incidence of thyroid cancer (Table 3 and Fig. 2). When lean subjects without weight change for
four years were defined as the reference group, the incidence of thyroid cancer increased significantly in subjects
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<25 <25 1 (reference) (61.0%) 1 (reference) (56.2%) 1 (reference) (66.9%)
o5 1.15 (1.11-1.19) <0.001 | 1.10(1.04-1.17) <0.001 117 (1.13-1.22) <0.001
- (6.9%) (7.8%) (5.8%)

~25 <25 0.89 (0.86-0.93) 0.85 (0.79-0.90) 0.94 (0.90-0.98)

- (5.:8%) <0.001 | (6:0%) <0.001 | (5:5%) <0.001
>25 1 (reference) (26.4%) 1 (reference) (30.0%) 1 (reference) (21.8%)

Table 3. Risk of thyroid cancer according to weight change. Hazard ratio (95% Confidence interval)
was adjusted for age, sex, smoking, alcohol intake, regular physical activity, diabetes, hypertension, and
dyslipidemia. BMI, body mass index.
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Figure 1. Incidence rates of thyroid cancer according to (A) body mass index and (B) waist circumference.
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who were lean and became obese (HR 1.10 [1.04-1.17], P < 0.001) in males. When obese subjects without weight
change for four years were defined as the reference group, the incidence of thyroid cancer decreased significantly
in subjects who were obese and became lean in males (HR 0.85 [0.79-0.90], P < 0.001).

In females, the incidence of thyroid cancer increased significantly in subjects who were lean and became obese
(HR 1.17 [1.13-1.22], P < 0.001). In subjects who were obese and became lean, the incidence of thyroid cancer
decreased significantly (HR 0.94 [0.90-0.98], P < 0.001).

When we performed an additional analysis after excluding underweight participants, the results showed sim-
ilar trends (Supplementary Table 2).

Discussion

In this study, we aimed to evaluate the association between obesity and the incidence of thyroid cancer using a
large population-based cohort from the Korean National Health Screening database after excluding participants
with hypothyroidism or hyperthyroidism at initial enrollment. Higher BMI and larger WC were significantly
associated with an increased risk of thyroid cancers in both males and females. Higher BMI and larger WC had
stronger associations with the incidence of thyroid cancers in males than in females. Weight gain in lean subjects
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was associated with increased risk of thyroid cancers, and weight reduction in obese subjects was associated with
decreased risk of thyroid cancers.

Recently, several studies reported that obesity was positively associated with an increase in the risk of thyroid
cancer>'-21. A prospective cohort study showed that subjects with BMIs 25.0-29.9 and >30kg/m?* compared to
subjects with BMIs between 18.5-24.9kg/m? had an increased risk of thyroid cancer (relative risk 1.27 and 1.39,
respectively)®. A large pooled analysis of 22 prospective studies had suggested that a high BMI (per 5kg/m?) was
associated with an increased risk of thyroid cancer (HR 1.06 [95% CI 1.02-1.10])?".

Although BMI is a main surrogate marker for obesity, it cannot distinguish lean body mass from body fat
mass or reflect abdominal adiposity*'2*. WC has stronger correlations with metabolically active visceral adipose
tissue than BMI and could reflect risks for cardiovascular disease, all-cause mortality, and cancer?-?. There have
been few studies on the association of WC and the risk of thyroid cancer, and the results have been conflicting
18.2126.27 'The pooled analysis suggested that larger WC (per 5cm) was associated with an increased risk of thyroid
cancer (HR 1.03 [95% CI 1.01-1.05])*.. A previous prospective study demonstrated that subjects with large WC
(>102 cm in males and >88 cm in females) had significantly higher incidences of thyroid cancer in both males
and females®®. However, another prospective study reported that WC had no significant association with the
risk of thyroid cancer?. In the current study, the incidence of thyroid cancer significantly increased in subjects
with larger WC in both males and females after multivariable analysis (P for trend < 0.001, Table 2). For males in
particular, the risk of thyroid cancer was 2.10 times higher in subjects with WC > 100 cm than in subjects with
WC < 80 cm. In females with WC > 95 cm, HR was 1.24 compared to the reference but lower than that of subjects
with WC 90-95 cm. It might be associated with the low prevalence of females with WC > 95 cm (Table 1).

In this study, weight gain in lean subjects was associated with an increase in the risk of thyroid cancer for
both males (HR 1.10 [1.04-1.17], P<0.001) and females (HR 1.17 [1.13-1.22], P< 0.001), which is consistent
with previous studies’®?. A previous case-control study showed that subjects with a total weight gain > 10kg
had a higher incidence of thyroid cancer (men, odds ratio [OR] 5.39, [95% CI 3.88-7.49]; women, OR 3.36 [95%
CI 2.87-3.93]) than subjects with a stable weight (loss or gain < 5kg)?. A marked increase in BMI starting at
age 35 years (annual average increase in BMI > 0.3 kg/m?/year) was related to an increased risk of thyroid can-
cer”. However, a weight reduction (annual average decrease in BMI > 0.1 kg/m?/year) was not associated with
a decreased risk of thyroid cancer in both males (OR 0.58 [95% CI 0.31-1.04]) and females (OR 1.02 [95% CI
0.79-1.32])*. Another prospective study had reported a positive association between weight gain for males age
18-35 years and risk of thyroid cancer (gained > 10.0kg vs. lost/gained < 5kg, HR 1.49 [95% CI 0.93-2.39], P for
trend = 0.03)?°. However, weight gain between the ages of 18 to the current age, 35 to 50, and 50 to current age
had no significant association in males and had even less pronounced association in females®. Weight reduction
between the ages 18 to the current age, 18 to 35, 35 to 50, and 50 to the current age were not significantly associ-
ated with a decreased risk of thyroid cancer in both males and females in that study®. In the present study, when
obese subjects without weight change for 4 years were defined as the reference group, the incidence of thyroid
cancer decreased significantly in subjects who were obese and became lean in both males (HR 0.85 [0.79-0.90],
P <0.001) and females (HR 0.94 [0.90-0.98], P=0.004). These findings suggest that weight reduction in obese
subjects could decrease their risk of thyroid cancer.

Several potential mechanisms such as inflammation, oxidative stress, altered immune response, increased
thyroid stimulating hormone (TSH) levels, hyperinsulinemia, adipokines, and increased aromatase activity
have been suggested to explain the relationship between obesity and thyroid carcinogenesis®?%***-42, Chronic
low-grade inflammation has been associated with increased formation of reactive oxygen species, increased cell
cycle rate, and decreased tumor suppressor function®*. Increased serum TSH levels could stimulate proliferation
and growth of thyroid cells, increased mutation, and the development of thyroid cancer®**’, Hyperinsulinemia
and increased insulin-like growth factor 1 (IGF-1), which is a result of insulin resistance, is another hypothesis for
thyroid carcinogenesis>***#’. By binding to the insulin receptor, insulin activates downstream AKT/mTOR/PI3K
and ERK/RAS/MAPK pathways which are involved in cancer proliferation and survival®’. Adipokines including
adiponectin, leptin, and resistin could affect thyroid carcinogenesis***’. Because the underlying mechanism is
not completely understood, further studies on the association between obesity and thyroid cancer are needed.

Consistent with previous studies, males in our study showed a stronger association between obesity and risk
of thyroid cancer than females?**2*%, The risk of thyroid cancer was 1.89 and 1.39 times higher in severely obese
subjects (BMI > 30.0 kg/cm?) than in normal-weight subjects (BMI 18.5-22.9kg/cm?) in males and females,
respectively. The risk of thyroid cancer was 2.10 times higher in males with WC > 100 cm than in males with
WC < 80cm, and the risk was 1.24 times higher in females with WC > 95 cm than in females with WC < 75 cm.
A previous study demonstrated that the risk of thyroid cancer increased with WC, which was categorized into
quartiles (P for trend = 0.007), however the trend was not statistically significant in females (P for trend = 0.13)%.
On the other hand, other studies have reported a positive correlation between obesity and risk of thyroid cancer
only in females'>!®. Using data from subjects who underwent a routine health checkup, the prevalence of thy-
roid cancer was associated with a high BMI only in females (per 5kg/m2 increase, OR 1.63 [95% CI 1.24-2.10],
P <0.001)". The reasons for these sex differences are not fully understood. Hormone dimorphism, differences
in body fat distribution, and metabolic consequences have been proposed to explain sex- dependent associations
between obesity and risk of thyroid cancer?®?*.

This study has several limitations. Because of its retrospective population-based design, this study could have
a possibility several biases including coding bias, selection bias, and effects of confounding factors. A possibility
that overweight or obese adults are more likely to undergo diagnostic examination or cancer screening cannot
be excluded. It could be a problem in establishing a causal relationship. Because the NHIS database depends on a
diagnostic code for thyroid cancer submitted on the physician’s claim, we could not evaluate the types of thyroid
cancer, clinic-pathological features such as tumor size or nodal metastasis. Papillary and follicular thyroid cancer
account for most of the thyroid cancer in Korea, however, the impact of medullary or anaplastic thyroid cancer
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might be small in this study*>*%. Also, we could not obtain the information about how the thyroid cancers were
detected. Data from thyroid function tests were not available in this study. We assessed weight changes as a rela-
tively short period of 4 years, and could not know whether the weight changes were intentional or unintentional.
Information on diet or energy intake was not available, so we could not adjust these variables. The results of this
study may not be generally applicable to other populations, because of the widespread use of thyroid ultrasonog-
raphy in Korea'!. Nevertheless, this study evaluated the effect of WC and weight change the risk of thyroid cancer
using a nationwide population-based cohort from on the national health insurance database. We adjusted for
potential confounding factors, such as smoking status, alcohol intake, physical activity, diabetes, hypertension,
and dyslipidemia.

In this nationwide, population-based cohort study, higher BMI and larger WC were significantly associated
with the increased risk of thyroid cancers in both males and females after adjustment for smoking status, alcohol
intake, physical activity, diabetes, hypertension, and dyslipidemia. Weight gain in lean subjects was associated
with an increased risk of thyroid cancers, and weight reduction in obese subjects was associated with decreased
risk of thyroid cancer. Further studies are needed to understand the underlying mechanisms about the association
between obesity and thyroid cancer.

References

1. Kim, M. K. et al. clinical practice guidelines for overweight and obesity in Korea. Endocrinol Metab (Seoul) 29, 405-409, https://doi.
org/10.3803/EnM.2014.29.4.405 (2014).

2. Ga Eun, N. & Hye Soon, P. Perspective on Diagnostic Criteria for Obesity and Abdominal Obesity in Korean Adults. Journal of
Obesity & Metabolic Syndrome 27, 134-142 (2018).

3. Renehan, A. G,, Tyson, M., Egger, M., Heller, R. F. & Zwahlen, M. Body-mass index and incidence of cancer: a systematic review and
meta-analysis of prospective observational studies. Lancet 371, 569-578, https://doi.org/10.1016/50140-6736(08)60269-x (2008).

4. Wolin, K. Y., Carson, K. & Colditz, G. A. Obesity and cancer. The oncologist 15, 556565, https://doi.org/10.1634/
theoncologist.2009-0285 (2010).

5. Marcello, M. A., Cunha, L. L., Batista, E. A. & Ward, L. S. Obesity and thyroid cancer. Endocrine-related cancer 21, T255-271, https://
doi.org/10.1530/ERC-14-0070 (2014).

6. De Pergola, G. & Silvestris, F. Obesity as a major risk factor for cancer. Journal of obesity 2013, 291546, https://doi.
org/10.1155/2013/291546 (2013).

7. Wryatt, S. B., Winters, K. P. & Dubbert, P. M. Overweight and obesity: prevalence, consequences, and causes of a growing public
health problem. The American journal of the medical sciences 331, 166174 (2006).

8. Obesity, K. S. f. t. S. 0. Obesity fact sheet [Internet]. Seoul: Korean Society for the Study of Obesity. (2016).

9. Ogden, C. L., Carroll, M. D,, Kit, B. K. & Flegal, K. M. Prevalence of obesity among adults: United States, 2011-2012. NCHS Data
Brief, 1-8 (2013).

10. Flegal, K. M., Carroll, M. D., Kuczmarski, R. J. & Johnson, C. L. Overweight and obesity in the United States: prevalence and trends,
1960-1994. Int ] Obes Relat Metab Disord 22, 39-47 (1998).

11. Ahn, H. S, Kim, H. J. & Welch, H. G. Korea’s thyroid-cancer “epidemic”-screening and overdiagnosis. N Engl ] Med 371, 1765-1767,
https://doi.org/10.1056/NEJMp1409841 (2014).

12. Davies, L. & Welch, H. G. Increasing incidence of thyroid cancer in the United States, 1973-2002. JAMA 295, 2164-2167, https://
doi.org/10.1001/jama.295.18.2164 (2006).

13. Elisei, R. et al. Are the clinical and pathological features of differentiated thyroid carcinoma really changed over the last 35 years?
Study on 4187 patients from a single Italian institution to answer this question. The Journal of clinical endocrinology and metabolism
95, 1516-1527, https://doi.org/10.1210/jc.2009-1536 (2010).

14. Tresallet, C. et al. The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass
indices. Surgery 156, 1145-1152, https://doi.org/10.1016/j.surg.2014.04.020 (2014).

15. Nam, S. Y. et al. Preoperative ultrasonographic features of papillary thyroid carcinoma predict biological behavior. The Journal of
clinical endocrinology and metabolism 98, 1476-1482, https://doi.org/10.1210/jc.2012-4072 (2013).

16. Marcello, M. A. et al. Obesity and excess protein and carbohydrate consumption are risk factors for thyroid cancer. Nutrition and
cancer 64, 1190-1195, https://doi.org/10.1080/01635581.2012.721154 (2012).

17. Zhao, Z. G. et al. Overweight, obesity and thyroid cancer risk: a meta-analysis of cohort studies. The Journal of international medical
research 40, 2041-2050 (2012).

18. Rinaldi, S. et al. Body size and risk of differentiated thyroid carcinomas: findings from the EPIC study. International journal of cancer.
Journal international du cancer 131, E1004-1014, https://doi.org/10.1002/ijc.27601 (2012).

19. Xu, L. et al. Obesity and the risk of papillary thyroid cancer: a pooled analysis of three case-control studies. Thyroid: official journal
of the American Thyroid Association 24, 966-974, https://doi.org/10.1089/thy.2013.0566 (2014).

20. Leitzmann, M. E. et al. Prospective study of body mass index, physical activity and thyroid cancer. International journal of cancer.
Journal international du cancer 126, 2947-2956, https://doi.org/10.1002/ijc.24913 (2010).

21. Kitahara, C. M. et al. Anthropometric Factors and Thyroid Cancer Risk by Histological Subtype: Pooled Analysis of 22 Prospective
Studies. Thyroid: official journal of the American Thyroid Association 26, 306-318, https://doi.org/10.1089/thy.2015.0319 (2016).

22. World Health Organization. Waist circumference and waist-hip ratio: Report of a WHO expert consultation. (World Health
Organization, 2011).

23. Seidell, J. C. Waist circumference and waist/hip ratio in relation to all-cause mortality, cancer and sleep apnea. Eur J Clin Nutr 64,
35-41, https://doi.org/10.1038/ejcn.2009.71 (2010).

24. Janssen, L., Katzmarzyk, P. T. & Ross, R. Waist circumference and not body mass index explains obesity-related health risk. The
American journal of clinical nutrition 79, 379-384 (2004).

25. Keum, N. et al. Adult weight gain and adiposity-related cancers: a dose-response meta-analysis of prospective observational studies.
J Natl Cancer Inst 107, djv088, https://doi.org/10.1093/jnci/djv088 (2015).

26. Kitahara, C. M. et al. Body fat distribution, weight change during adulthood, and thyroid cancer risk in the NIH-AARP Diet and
Health Study. International journal of cancer. Journal international du cancer 130, 1411-1419, https://doi.org/10.1002/ijc.26161
(2012).

27. Kabat, G. C. et al. Anthropometric factors and physical activity and risk of thyroid cancer in postmenopausal women. Cancer Causes
Control 23, 421-430, https://doi.org/10.1007/s10552-011-9890-9 (2012).

28. Willett, W. C., Dietz, W. H. & Colditz, G. A. Guidelines for healthy weight. N Engl ] Med 341, 427-434, https://doi.org/10.1056/
NEJM199908053410607 (1999).

29. Hwang, Y. et al. Annual Average Changes in Adult Obesity as a Risk Factor for Papillary Thyroid Cancer: A Large-Scale Case-
Control Study. Medicine 95, €2893, https://doi.org/10.1097/md.0000000000002893 (2016).

SCIENTIFIC REPORTS |

(2019) 9:1546 | https://doi.org/10.1038/s41598-018-38203-0 7


https://doi.org/10.1038/s41598-018-38203-0
https://doi.org/10.3803/EnM.2014.29.4.405
https://doi.org/10.3803/EnM.2014.29.4.405
https://doi.org/10.1016/s0140-6736(08)60269-x
https://doi.org/10.1634/theoncologist.2009-0285
https://doi.org/10.1634/theoncologist.2009-0285
https://doi.org/10.1530/ERC-14-0070
https://doi.org/10.1530/ERC-14-0070
https://doi.org/10.1155/2013/291546
https://doi.org/10.1155/2013/291546
https://doi.org/10.1056/NEJMp1409841
https://doi.org/10.1001/jama.295.18.2164
https://doi.org/10.1001/jama.295.18.2164
https://doi.org/10.1210/jc.2009-1536
https://doi.org/10.1016/j.surg.2014.04.020
https://doi.org/10.1210/jc.2012-4072
https://doi.org/10.1080/01635581.2012.721154
https://doi.org/10.1002/ijc.27601
https://doi.org/10.1089/thy.2013.0566
https://doi.org/10.1002/ijc.24913
https://doi.org/10.1089/thy.2015.0319
https://doi.org/10.1038/ejcn.2009.71
https://doi.org/10.1093/jnci/djv088
https://doi.org/10.1002/ijc.26161
https://doi.org/10.1007/s10552-011-9890-9
https://doi.org/10.1056/NEJM199908053410607
https://doi.org/10.1056/NEJM199908053410607
https://doi.org/10.1097/md.0000000000002893

www.nature.com/scientificreports/

30. Suzuki, T. et al. Anthropometric factors at age 20 years and risk of thyroid cancer. Cancer Causes Control 19, 1233-1242, https://doi.
org/10.1007/s10552-008-9194-x (2008).

31. Iribarren, C., Haselkorn, T., Tekawa, L. S. & Friedman, G. D. Cohort study of thyroid cancer in a San Francisco Bay area population.
International journal of cancer. Journal international du cancer 93, 745-750 (2001).

32. Cheol Seong, S. et al. Data Resource Profile: The National Health Information Database of the National Health Insurance Service in
South Korea. International journal of epidemiology 46, 799-800, https://doi.org/10.1093/ije/dyw253 (2017).

33. Noh, ], Han, K. D., Ko, S. H., Ko, K. S. & Park, C. Y. Trends in the pervasiveness of type 2diabetes, impaired fasting glucose and co-
morbidities during an 8-year-follow-up of nationwide Korean population. Scientific reports 7, 46656, https://doi.org/10.1038/
srep46656 (2017).

34. Song, S. O. et al. Background and data configuration process of a nationwide population-based study using the korean national
health insurance system. Diabetes & metabolism journal 38, 395-403, https://doi.org/10.4093/dm;j.2014.38.5.395 (2014).

35. Lee, S. R,, Choi, E. K., Han, K. D., Cha, M. J. & Oh, S. Trends in the incidence and prevalence of atrial fibrillation and estimated
thromboembolic risk using the CHA2DS2-VASc score in the entire Korean population. International journal of cardiology 236,
226-231, https://doi.org/10.1016/j.ijjcard.2017.02.039 (2017).

36. (WHO), W. H. O. The Asia-Pacific perspective: redefining obesity and its treatment. Sydney: Health Communications Australia
(2000).

37. Kim, Y. H. et al. Change in weight and body mass index associated with all-cause mortality in Korea: A nationwide longitudinal
study. J Clin Endocrinol Metab. https://doi.org/10.1210/jc.2017-00787 (2017).

38. Kwon, H. et al. Prevalence and Annual Incidence of Thyroid Disease in Korea from 2006 to 2015: A Nationwide Population-Based
Cohort Study. Endocrinology and metabolism (Seoul, Korea) 33, 260-267, https://doi.org/10.3803/EnM.2018.33.2.260 (2018).

39. Pappa, T. & Alevizaki, M. Obesity and thyroid cancer: a clinical update. Thyroid: official journal of the American Thyroid Association
24, 190-199, https://doi.org/10.1089/thy.2013.0232 (2014).

40. Pazaitou-Panayiotou, K., Polyzos, S. A. & Mantzoros, C. S. Obesity and thyroid cancer: epidemiologic associations and underlying
mechanisms. Obesity reviews: an official journal of the International Association for the Study of Obesity 14, 1006-1022, https://doi.
org/10.1111/0br.12070 (2013).

41. Han, C. Y. Roles of Reactive Oxygen Species on Insulin Resistance in Adipose Tissue. Diabetes & metabolism journal 40, 272-279
(2016).

42. Kang, Y. M., Kim, F. & Lee, W. J. Role of NO/VASP Signaling Pathway against Obesity-Related Inflammation and Insulin Resistance.
Diabetes & metabolism journal 41, 89-95 (2017).

43. Hwa Young, A. & Young Joo, P. Incidence and clinical characteristics of thyroid cancer in Korea. Korean ] Med 77, 537-542 (2009).

44. Oh, C. M. et al. Age-Period-Cohort Analysis of Thyroid Cancer Incidence in Korea. Cancer research and treatment: official journal
of Korean Cancer Association 47, 362-369, https://doi.org/10.4143/crt.2014.110 (2015).

Acknowledgements
This study was supported by 2012 Moonsuk Research Grant from Korean Society for the Study of Obesity (KSSO).

Author Contributions

H. Kwon development of methodology, analysis and interpretation of data, writing, review, and/or revision of
the manuscript, K.-D. Han development of methodology, acquisition of data, analysis and interpretation of data,
C.-Y. Park study conception and design, development of methodology, writing, review, and/or revision of the
manuscript, and study supervision.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-38203-0.

Competing Interests: The authors declare no competing interests.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2019) 9:1546 | https://doi.org/10.1038/s41598-018-38203-0 8


https://doi.org/10.1038/s41598-018-38203-0
https://doi.org/10.1007/s10552-008-9194-x
https://doi.org/10.1007/s10552-008-9194-x
https://doi.org/10.1093/ije/dyw253
https://doi.org/10.1038/srep46656
https://doi.org/10.1038/srep46656
https://doi.org/10.4093/dmj.2014.38.5.395
https://doi.org/10.1016/j.ijcard.2017.02.039
https://doi.org/10.1210/jc.2017-00787
https://doi.org/10.3803/EnM.2018.33.2.260
https://doi.org/10.1089/thy.2013.0232
https://doi.org/10.1111/obr.12070
https://doi.org/10.1111/obr.12070
https://doi.org/10.4143/crt.2014.110
https://doi.org/10.1038/s41598-018-38203-0
http://creativecommons.org/licenses/by/4.0/

	Weight change is significantly associated with risk of thyroid cancer: A nationwide population-based cohort study

	Methods

	Study design and subjects. 
	Anthropometric measurements. 
	Definition of disease condition. 
	Statistical Analysis. 

	Results

	Baseline characteristics of subjects. 
	Incidence of thyroid cancer according to BMI and WC categories. 
	Risk of thyroid cancer according to weight change. 

	Discussion

	Acknowledgements

	Figure 1 Incidence rates of thyroid cancer according to (A) body mass index and (B) waist circumference.
	Figure 2 Risk of thyroid cancer in (A) males and (B) females.
	Table 1 Baseline characteristics of subjects.
	Table 2 Incidence of thyroid cancer according to body mass index and waist circumference categories.
	Table 3 Risk of thyroid cancer according to weight change.




