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Background/Aims: We evaluated the prevalence and characteristics of thyroid
nodules detected by thyroid ultrasound (US) at health checkups and the associat-
ed clinical parameters.

Methods: A total of 72,319 subjects who underwent thyroid US at three health
checkup centers in Korea from January 2004 to December 2010 were included in
this study. The correlations between the presence of thyroid nodules and other
clinical parameters were analyzed.

Results: The prevalence of thyroid nodules and cysts was 34.2% (n = 24,757). Thy-
roid nodules were more prevalent in women and older age groups. Among the
subjects with thyroid nodules with size information (n = 24,686), 18,833 (76.3%)
had nodules measuring < 1.0 cm. Women and older age groups showed higher
proportion of larger nodules. Percentage of women, age, body mass index (BMI),
waist circumference, body fat composition, blood pressure, and the level of fast-
ing glucose, total cholesterol, and low density lipoprotein cholesterol were higher
in the subjects with thyroid nodules compared to those without nodules. The
prevalence of metabolic syndrome and overt/subclinical thyrotoxic state was
higher in the subjects with thyroid nodules. In the multivariable logistic regres-
sion analysis, women, age, BMI, metabolic syndrome, and thyrotoxicosis were
independently associated with the presence of thyroid nodules.

Conclusions: The high prevalence of thyroid nodules in people who underwent
thyroid US at a health checkup suggests that increased detection of thyroid nod-
ules resulted in an increased prevalence in the general population. However, met-
abolic disturbances may also have contributed to the increase in thyroid nodule
prevalence in Korea.
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INTRODUCTION

detection rate of small and non-symp-
tomatic thyroid nodules by various im-
Thyroid nodules are diagnosed increas- aging methods has resulted in a high
ingly in clinical practice. The increasing prevalence of thyroid nodules among
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the general population [1,2]. A previous study reported
that higher levels of health-care access are associated with
a higher incidence of thyroid nodules and cancers [3]. In
Korea, the level of health-care access is very high; for ex-
ample, > 60% of the population has undergone a health
checkup in the preceding 2 years [4]. The prevalence of
thyroid nodules has increased rapidly in Korea. Previous
single-center studies in the mid-2000 reported a preva-
lence rates of 28.3% to 42.4% and 14.1% to 29.1% in as-
ymptomatic women and men, respectively [5-8]. Despite
the high probability that this is a health checkup-driven
increase in the detection of thyroid pathology, large-scale
and multicenter-based studies of the prevalence and
characteristics of thyroid nodules detected by thyroid so-
nography at health checkups are lacking in Korea.

The contribution of the increasing detection rate is
a widely accepted explanation for the increasing preva-
lence of thyroid nodules. It is well established that thy-
roid nodule prevalence depends on factors such as the
detection method, sex, age, iodine intake, and radiation
exposure [9]. Other risk factors including metabolic pa-
rameters have received attention recently. Previous stud-
ies have shown that insulin resistance was associated
with increased thyroid nodule prevalence in iodine-de-
ficient and -sufficient areas [10,11]. A recent study in
China also reported that hypertension, prediabetes, and
diabetes were independent risk factors for thyroid nod-
ules [12]. In Korea, body size including height, weight,
and body mass index (BMI) were reported to be associ-
ated with the presence of thyroid nodules in women [13].

In this study, we conducted a large-scale, multi-
center-based study of 72,319 subjects who underwent
thyroid ultrasound (US) at health checkups to investi-
gate the prevalence and characteristics of thyroid nod-
ules and their associated clinical parameters in the
healthy Korean population.

METHODS

Subjects

Data were collected from three health checkup centers;
Seoul National University Hospital Healthcare System
Gangnam Center (SNUH-HSGC, Seoul, Korea), Seoul
National University Bundang Hospital Health Pro-
motion Center (SNUBH-HPC, Seongnam, Korea), and
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Seoul Metropolitan Government Seoul National Uni-
versity Boramae Medical Center Health Promotion
Center (SNUBMC-HPC, Seoul, Korea). A total of 254,222
health checkups were performed from January 2004 to
December 2010. Among these cases, thyroid US was per-
formed in 100,971 cases. After excluding checkups ofthe
495 subjects who had undergone thyroid surgery and
detecting repeated checkups, a total of 72,319 subjects
were included in this study. In case of repeated check-
ups, data of the first checkup were used in the analy-
ses. We did not exclude the subjects with other medical
history, including diabetes, hypertension, dyslipidemia,
and thyroid dysfunction as well as the subjects using
any kind of medication, including thyroid hormone or
antithyroid drugs. Informed consent was obtained. This
study was approved by the Institutional Review Boards
of the SNUH (H-1106-113-367), SNUBH (B-1303/194-109),
and SNUBMC (26-2013-15/042).

Anthropometric parameters

We measured the height and weight of subjects in light
clothing and without shoes to the nearest 0.1 cm and 0.1
kg, respectively. BMI was calculated as the ratio between
weight and the square of height, and was expressed in
kg/m? Waist circumference was measured at the mid-
point between the lateral iliac crest and the lowest rib.
Total body fat percentage was determined using bio-
electrical impedance analysis (Inbody 720, Biospace,
Seoul, Korea). A standard mercury sphygmomanometer
was used to measure systolic blood pressure (SBP) and
diastolic blood pressure.

Biochemical and hormonal parameters

Plasma glucose concentration was measured in the
12-hour-fasted state using the glucose oxidase method
(Hitachi 747 chemistry analyzer, Hitachi, Tokyo, Japan).
Glycosylated hemoglobin (HbA1c)level was measured us-
ing a Bio-Rad Variant II Turbo HPLC analyzer (Bio-Rad,
Hercules, CA, USA). The serum concentrations of aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), y-glutamyl transpeptidase (GGT), blood urea ni-
trogen (BUN), creatinine, uric acid, total cholesterol, tri-
glycerides, low density lipoprotein cholesterol (LDL-C),
and high density lipoprotein cholesterol (HDL-C) were
measured with a Hitachi 747 chemistry analyzer. The
concentrations of serum free thyroxine (T4) and thyroid
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stimulating hormone (TSH) were measured using im-
munoradiometric assays (free T4, DiaSorin S.p.A., Salug-
gia, Italy; TSH, CIS bio international, Gif-sur-Yvette,
France). The reference ranges were 0.7 to 1.8 ng/dL and
0.4 to 41 mIU/L for free T4 and TSH, respectively.

Classification of thyroid function status

The subjects were divided in five categories based on
their thyroid function status: (1) overt hypothyroid state
was defined as a TSH level > 4.10 mIU/L with a free T4
level < 0.7 ng/dL; (2) subclinical hypothyroid state was
defined as a T'SH level > 410 mIU/L with a normal free
T4 level (0.7 to 1.8 ng/dL); (3) euthyroid state was defined
as a normal TSH level (0.40 to 4.10 mIU/L); (4) subclin-
ical thyrotoxic state was defined as a TSH level < o.40
mIU/L with a normal free T4 level; and (5) overt thyro-
toxic state was defined as a T'SH level < 0.40 mIU/L with
a free T4 level > 1.8 ng/dL. We did not consider the use
of thyroid hormone and antithyroid drugs in defining
thyroid function status.

Diagnosis of metabolic syndrome

According to guidelines from the National Heart, Lung,
and Blood Institute and the American Heart Associa-
tion [14], metabolic syndrome (MetS) is diagnosed when
a patient has at least three of the following five condi-
tions: (1) fasting glucose = 100 mg/dL or receiving drug
therapy for hyperglycemia; (2) blood pressure = 130/85
mmHg or receiving drug therapy for hypertension; (3)
triglycerides = 150 mg/dL or receiving drug therapy for
hypertriglyceridemia; (4) HDL-C < 40 mg/dL in men or
<50 mg/dL in women or receiving drug therapy for re-
duced HDL-C; and (5) waist circumference = 9o cm in
men or = 8o cm in women.

Thyroid ultrasound and the classification of thyroid
nodules

All ultrasonographic examinations on the thyroid were
performed in each health checkup center by several ra-
diologists using high-resolution US equipped with 7.5
to 12 or 8 to 15 MHz linear transducers. Thyroid nodules
were defined as one or more discrete lesions that were
within the thyroid gland but were radiologically distinct
from the surrounding thyroid parenchyma. The length,
width, and depth of each nodule were measured at their
longest aspect on the US images, which were saved as
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Digital Imaging and Communications in Medicine im-
ages. All US reports were also saved as digital text. We
extracted data of the presence and size of nodules from
the free text of the thyroid US reports using a comput-
erized keyword extraction method (Java Development
Kit version 1.7, Oracle Corp., Redwood Shores, CA, USA).
All extracted data from 72,319 cases of thyroid US report
were reviewed by a medical record administrator and
he fixed typo errors and corrected the data according to
the standardized input format. These preliminarily re-
viewed data were re-reviewed by two physicians (H.Y.A.
and KW.K.). These physicians reevaluated the digital
images of 10,504 cases (H.Y.A,, 5,231 cases; KW.K,, 5,363
cases) harboring the keyword “cyst” or “colloid” without
“nodule” and assigned them to one of two categories.
According to the lesion’s content, a lesion in which the
cystic portion comprised = 95% of the volume was de-
fined as a pure cyst, and a lesion in which the solid por-
tion comprised 6% to 100% of the volume was defined
as a nodule. If the extracted data harbored keywords
“cyst” and “nodule” in one subject, this was classified
as a nodule. Seventy-one subjects whose extracted data
harboring “nodule” without size information were ex-
cluded in the analyses including size information. In the
subjects with multiple nodules, the size of the largest
thyroid nodule was used in the analyses.

Statistical analyses

Values with normal distribution were expressed as
mean + SD, and values with nonnormal distribution
were expressed as median (interquartile range). The an-
thropometric and metabolic parameters were compared
between the subjects with and without thyroid nodules
using Student t test, chi-square test, or a linear-by-linear
association test. Multivariable logistic regression analy-
sis was used to estimate multiple correlations between
the presence of thyroid nodules and other factors. All
statistical analyses were performed using SAS statistical
software version 9.4 (SAS Institute, Cary, NC, USA) and
Stata/MP version 14 (StataCorp LP, College Station, Tex-
as, USA). Data with a p < 0.05 were considered significant.

RESULTS

Prevalence of thyroid nodules and pure cysts in subjects
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Table 1. The prevalence of thyroid nodules according to age and sex

Total subject Men Women
Variable Subjects Subjects .with Subjects Subjects .VVith Subjects Subjects .VVith pvalue®
underwent thyroid underwent thyroid underwent thyroid
thyroid US nodules thyroid US nodules thyroid US nodules
Total 72319 24,757 (34-2) 36,710 9,919 (27.0) 35,609 14,838(417)  <o.001
Age group, yr
<30 1,935 250 (12.9) 718 55 (7.7) 1,217 195 (16.0) 0.001
30-39 11,411 2,378 (20.8) 5,211 777 (14.9) 6,200 1,601 (25.8) <0.001
40-49 23,649 6,933 (29.3) 12,213 2,671 (21.9) 11,436 4,262 (37.3) <0.001
50-59 22,113 8,655 (39.1) 11,467 3,547 (30.9) 10,646 5,108 (48.0) <0.001
60-69 10,763 5197 (48.3) 5,738 2,259 (39.4) 5,025 2,938 (58.5) <0.001
=70 2,448 1,344 (54.9) 1,363 610 (44.8) 1,085 734 (67.6) <0.001
p value® <0.001 <0.001 <0.001 -

Values are presented as number (%).
US, ultrasound.

*Derived from the chi-square test between sex and the presence of thyroid nodules.

Derived from a linear-by-linear association test between age groups and the presence of thyroid nodules.

who underwent thyroid ultrasound at health checkups
A total of 72,319 subjects (men:women, 36,710:35,609) who
underwent thyroid US in their health checkups were in-
cluded in this study. Mean age of included subjects was
49.5 =103 years and mean BMI was 23.5 + 3.0 kg/m? Thy-
roid nodules were found in 24,757 subjects (34.2%) and
9,060 subjects (12.5%) had only pure cysts. Among the
36,710 men, 9,919 subjects (27.0%) and 4,169 (11.4%) were
diagnosed with thyroid nodules and pure cysts, respec-
tively. Among the 35,609 women, 14,838 subjects (41.7%)
and 4,801 (13.7%) were diagnosed with nodules and pure
cysts, respectively. The thyroid nodule prevalence in-
creased with age in both men and women (Table 1) but
the prevalence of pure cysts did not differ according
to age (data not shown). In all subjects and in each age
group, thyroid nodule prevalence was higher in women
than in men (Table 1). The thyroid nodule prevalence
per year in those who underwent thyroid US did not
change from 2004 (32.9%) to 2010 (36.1%).

Size distribution of thyroid nodules

Among the 24,686 subjects diagnosed as thyroid nod-
ules with specific size information, 18,833 (76.3%) had
nodules measuring < 1.0 cm (Table 2). Women and older
age groups showed a higher proportion of nodules mea-
suring > 1.0 cm (Table 2).

756  www.kjim.org

Comparison of anthropometric and metabolic param-
eters according to the presence of thyroid nodules
After excluding 9,060 subjects who had only pure cysts,
we divided the remaining 63,188 subjects into two
groups: those without thyroid nodule (non-nodular
group) and those with thyroid nodules (nodular group).
Between these two groups, subjects with thyroid nod-
ules were older and showed higher percentage of wom-
en than those without thyroid nodule (Table 3). BMI,
waist circumference, body fat composition, blood pres-
sure, and the level of fasting glucose, HbA1c, BUN, total
cholesterol, HDL-C, and LDL-C were higher in the nod-
ular group in compared with the non-nodular group
(Table 3). The concentrations of AST, ALT, GGT, creati-
nine, uric acid, triglycerides, and T'SH were lower in the
nodular groups in compared with non-nodular group
(Table 3). The prevalence of MetS was higher in the nod-
ular group and the subjects in the nodular group had
higher number of components satisfying MetS criteria
(Table 3). The nodular group showed a higher frequency
of overt/subclinical thyrotoxic state and a lower frequen-
cy of overt/subclinical hypothyroid state (Table 3).

Clinical parameters associated with the presence of
thyroid nodules

In the comparison of anthropometric and metabolic
parameters according to the presence and size of thy-
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Table 2. Size-distribution of thyroid nodules with the longest diameter

Variable Total no. Size, cm p value®
<05 0.5-1.0 1.0-2.0 >2.0

Total subjects with thyroid nodules 24,686 9,062 (36.7) 9,771 (39.6) 4,604 (18.7) 1,249 (5.0)

Sex <0.001
Men 9,900 3,813(385)  3,942(39.8)  1,701(17.2) 444 (4:5)
Women 14,786 5249 (355)  5829(39.4) 2,903 (19.6) 805 (5.5)

Age group, yr <o0.001
<30 247 99 (40.1) 90 (36.4) 45(18.2) 13(53)
30-39 2369 994 (42.1) 903 (38.1) 368 (15.5) 104 (43)
40—49 6,920 2,754 (39.8) 2,701 (39.0) 1,157 (16.7) 308 (4.5)
50-59 8,634 3192(37.0)  3395(393) 1,636 (18.9) 411 (4.8)
60-69 5,173 1,659 (32.1) 2,108 (40.8) 1,089 (21.1) 317 (6.0)
270 1343 364 (271 574 (42.7) 309 (23.0) 96 (7-2)

Values are presented as number (%).

"Derived from a linear-by-linear association test between sex and size.

roid nodules, clinical parameters included in the com-
ponents of MetS showed differences according to the
presence of thyroid nodule. Therefore, we performed
the logistic regression analyses to identify independent
associations between the presence of thyroid nodules
and other clinical parameters including the components
of MetS. Being female, older age, higher level of BMI,
waist circumference, and SBP, lower HDL-C, and overt/
subclinical thyrotoxic state were independently associat-
ed with the presence of thyroid nodules (Table 4, model
1). In the analysis including the presence of MetS as an
independent variable showed female, older age, higher
BMI, MetS, and overt/subclinical thyrotoxic state were
independently associated with the presence of thyroid
nodules (Table 4, model 2). The number of components
satisfying MetS criteria was also independently associat-
ed with the presence of thyroid nodules (Table 4, model 3)

DISCUSSION

This study is the first multicenter-based health check-
up study investigating the prevalence of thyroid nod-
ules and their associating clinical parameters in Ko-
rea. In this study, the prevalence of thyroid nodules
at health checkups was 34.0% (27.0% in men, 41.7% in
women), and various clinical factors, including sex, age,
BMI, MetS, and thyroid function, were independent-
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ly associated with the presence of thyroid nodules. We
distinguished thyroid pure cysts from thyroid nodules
and excluded pure cysts in the nodular group because
thyroid pure cysts have very low risk of malignancy and
their clinical importance is different from thyroid solid
nodules [15,16]. Our results showing similar prevalence
of thyroid pure cysts in each group of age also suggest
different pathophysiology between thyroid pure cysts
and solid nodules. We also excluded pure cysts in the
non-nodular group because we intended to compare
the subjects without any focal lesion and those with thy-
roid nodules. Previous single-center studies in Korea
have shown a wide range of thyroid nodule prevalence
of 141% to 40.9% because of the inclusion of different
study populations with varying sex and age compo-
sitions [5-8]. Studies performed in the United States,
Europe, and China have also reported the prevalence
ranged 19.0% to 46.6% for thyroid incidentalomas in
screening with thyroid US [12,17-19]. A previous study
of 8307 subjects who underwent health checkups in
a single health checkup center in Korea from January
2002 to December 2003 reported a prevalence of 41.0%
for thyroid nodules and a higher prevalence in women
(29.0% in men, 42.2% in women) and in older age groups
[6]. We found a similar prevalence of thyroid nodules as
that reported by previous studies, but we found a more
consistent results showing women’s higher prevalence
of thyroid nodules in every age group. We also demon-
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Table 3. Comparison of anthropometric and metabolic parameters according to the presence and size of thyroid nodules

Variable Non-nodular group (n=38,502) Nodular group (n = 24,757) pvalue
Sex <o.001*

Men 22,622 (58.8) 9,919 (40.1)

Women 15,880 (41.2) 14,838 (59.9)
Age, yr 47.5+103 52.7 £10.4 <o0.001”
BMI¢, kg/m® 23.4+3.1 23.6 £3.0 <o.001”

<25 26,850 (71.0) 16,329 (69.9) 0.003%

> 25 10,961 (29.0) 7,035 (30.0) 0.003%
Waist circumference?, cm 84.0+ 8.4 84.7+83 <0.001”

<90 in men, < 85 in women 26,375 (69.7) 14,444 (61.8) <o.001*

> 90 in men, = 85 in women 11,464 (30.3) 8,013 (38.2) <0.001"
Body fat, % 24.5+5.6 26.6 6.0 <o.001”
Systolic blood pressure, nmHg 116.6 +15.3 118.6 +16.3 <o.001”
Diastolic blood pressure, mmHg 74.6 £11.8 74.8 £11.7 0.036"
Fasting glucose, mg/dL 963 £19.9 97.0 +20.1 <o.001”
HbA1c, % 5.7+0.7 5.8+ 0.7 <o.001"
AST, IU/L 25.0 £14.1 24.7 £13.7 0.002°
ALT, IU/L 27.0 £20.9 25.4£19.0 <o.001”
GGT, IU/L 36.2 £ 41.4 31.0£32.5 <o.001”
BUN, mg/dL 13.4+3.5 13.8+3.7 <0.001”
Creatinine, mg/dL 1.00 £ 0.20 0.96 £ 0.21 <o0.001°
Uric acid, mg/dL 5.6 1.5 5.2+1.4 <o.001”
Total cholesterol, mg/dL 195.9 +34.3 198.6 £34.9 <o0.001"
Triglycerides, mg/dL 115.9 £ 76.2 111.4 + 70.3 <0.001"
HDL-C, mg/dL 54.0 £13.5 54.7 £13.4 <o.001”
LDL-C, mg/dL 114.1 £30.7 116.8 +31.0 <o.001”
MetS <o.001*

No 32,113 (86.4) 19,214 (83.9)

Yes 5,069 (13.6) 3,696 (16.1)
No. of MetS components <o0.001°

o 14,342 (38.6) 7,518 (32.8)

1 10,794 (29.0) 6,822 (29.8)

2 6,977 (18.8) 4,874 (213)

3 3,633 (9-8) 2546 (11.1)

4 1,259 (3.4) 983 (4.3)

5 176 (0.5) 167 (0.7)
Free T4' 1.2+ 03 1.2+0.9 0.926b
TSF, median (interquartile range)"® 0.50 (10.06) 0.44(9.92) 0.002°
Thyroid hormone state’ <o0.001°

Overt/subclinical hypothyroid state 2,242 (6.1) 1,320 (5.8)

Euthyroid state 33,819 (92.0) 20,702 (91.0)

Overt/subclinical thyrotoxic state 689 (1.9) 718 (3.2)

Values are presented as number (%) or mean + SD unless otherwise indicated.
BMI, body mass index; HbAuc, glycosylated hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

GGT, y-glutamyl transpeptidase; BUN, blood urea nitrogen; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; MetS, metabolic syndrome; T4, thyroxine; TSH, thyroid stimulating hormone.

“Derived from the chi-squared test.

"Derived from Student ¢ test.

“Data were available in 61,176 subjects.

dData were available in 61,197 subjects.

“Derived from a linear-by-linear association test.

fData were available in 61,698 subjects.

8Log-transformed variables were used in statistical analyses.
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Table 4. Clinical factors associating the presence of thyroid nodules

.. . Multivariable Multivariable Multivariable
Variable Gistiveritells el analysis model 1* analysis model b analysis model 3¢
OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Sex

Men 1 - 1 - 1 - 1 -

Women 1.929 1.870-1.991 2363 2.273-2.457  2.294 2.212-2.379  2.295  2.213-2.380
Age, yr 1.045 1.043-1.046  1.046  1.044-1.048  1.047 1.045-1.049 1.047 1.045-1.049
BMI, kg/m? 1.020  1.015-1.025 1.017  1.006-1.029  1.038 1.031-1.045 1.033 1.026-1.041
HbA1c, % 1162 1.136-1.188 1.003 0.967-1.041  0.997 0.971-1.024 0.991 0.964-1.018
Waist circumference, cm 1.010 1.008-1.012 1.007  1.003-1.012 - - - -
Systolic blood pressure, mmHg  1.008 1.007-1.009  1.002  1.001-1.004 - - - -

Triglycerides, mg/dL 0.999 0.998-0.999 0.999 0.999—1.000 - - - -
HDL-C, mg/dL 1.003 1.002-1.004 0.998 0.996-0.999 - - - -
Fasting glucose, mg/dL 1.002 1.001-1.003  0.9997 0.998-1.001 - - - -
MetS
No 1 - - - 1 - - -
Yes 1.221  1.168-1.276 - - 1.043 0.989-1.101 - -

No. of MetS components

o 1 - -
1 1.207 1.160-1.256 -
2 1325 1.267-1384 -
3 1339 1.266-1.415 -
4 1.479  1359-1.609 =
5 1.869 1.522-2.204 -

Thyroid hormone state

Overt/subclinical hypothyroid ©.983 0.918-1.052 0789
state

Euthyroid state 1 - 1

Overt/subclinical thyrotoxic 1.688 1.526-1.866  1.620
state

- - - 1.061  1.014-1.110
- = - 1.076  1.018-1.135

- - - 1.086  1.013-1.165
- = - 1.140  1.031-1.262

- - - 1.278  1.017-1.606

0.734—-0.849 0.790 0.735-0.850 0.789 0.734-0.849

= 1 = 1 o

1.455-1.803  1.628 1.463-1.812  1.629 1.464-1.814

The dependent variable was the presence of thyroid nodules in all statistical models. Clinical factors associating the presence

of thyroid nodules entered as independent variables.

OR, odds ratio; CI, confidence interval; BMI, body mass index; HbAuxc, glycosylated hemoglobin; HDL-C, high density lipopro-

tein cholesterol; MetS, metabolic syndrome.

Sex, age, BMI, HbAu1c, waist circumference, systolic blood pressure, fasting glucose, triglycerides, HDL-C, fasting glucose, and
thyroid function were included as an independent variable in multivariable analysis model 1.

bSex, age, BMI, HbA1c, MetS, and thyroid function were included as an independent variable in multivariable analysis model 2.
“Sex, age, BMI, HbA1c, number of MetS components, and thyroid function were included as an independent variable in multi-

variable analysis model 3.

strated a higher proportion of larger nodules in women
and a continuing increase of the prevalence and size of
thyroid nodules according to age. To our knowledge,
this study includes the largest population (72,319 sub-
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jects)and is the first multicenter study to investigate the
prevalence of thyroid nodules detected at health check-
ups in Korea. Therefore, our study demonstrates stron-
ger sex and age differences in the prevalence and size of
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thyroid nodules than do previous studies. The thyroid
nodules detected in asymptomatic healthy subjects are
generally small and, as expected, we found that 76.1% of
nodules measured < 1.0 cm in maximal diameter. This
size distribution is also consistent with that reported in
previous studies [6,20].

Some studies reported that the presence of thyroid
nodules was associated with metabolic disturbances [11-
13,21,22]. In earlier studies, the prevalence of thyroid nod-
ules was higher in subjects with the MetS and impaired
glucose metabolism [11,21], and those with thyroid nod-
ules had a higher prevalence of obesity, the metabolic
syndrome, prediabetes, and diabetes [12,13,22]. We also
observed an independent association between the pres-
ence of thyroid nodules and a higher BMI and MetS. In-
terestingly, the number of components satisfying MetS
criteria was associated with the presence of thyroid nod-
ules. One possible mechanism to explain the association
between thyroid nodules and metabolic disturbances is
a TSH-dependent mechanism including leptin signal-
ing. Leptin directly and indirectly increases the secre-
tion of thyrotropin-releasing hormone, which results in
an increase of TSH secretion [23]. Serum leptin concen-
tration increases in proportion to increasing fat mass,
and insulin administration increases serum leptin lev-
els [24,25]. Thus, it has been postulated that obesity and
insulin resistance increase T'SH secretion via leptin sig-
naling, which results in thyroid volume expansion and
nodule formation. However, in our data, TSH level was
lower in the subjects with thyroid nodules compared
with those without nodules, and the nodular group had
a higher frequency of overt/subclinical thyrotoxic state
and lower frequency of overt/subclinical hypothyroid
state. One previous study found no association between
the TSH level and thyroid nodule presence despite find-
ing an association between TSH level and thyroid vol-
ume [11]. Thus, TSH-independent mechanisms might
be involved in the association between thyroid nodule
formation and metabolic disturbances.

Insulin-like growth factor 1 (IGF-1) promotes the pro-
gression of mitosis in many types of cells and results
in cell proliferation, differentiation, and apoptosis [206].
This potent mitogen functions through its binding to
the IGF-1 receptor (IGF-1R), and the signal transduction
through IGF-1R leads to abnormal hyperplasia, differ-
entiation, and apoptosis of thyrocytes [27-29]. A recent
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study reported that the expression of IGF-1 and IGF-1R
was significantly higher in the tissues of follicular ade-
nomas and nodular goiters compared with normal thy-
roid tissues [29]. It is well-known, meanwhile, that IGF-1
and IGF-1R share structural homology with insulin and
the insulin receptor, respectively [30]. Taken together,
hyperinsulinemia in obesity and the insulin-resistant
status might induce thyroid nodule formation through
the insulin IGF-1-signaling pathway. This insulin/IGF-1
pathway could be a TSH-independent mechanism that
might explain the association between thyroid nodule
formation and metabolic disturbances.

As mentioned above, overt/subclinical thyrotoxic state
(lower TSH level) was associated with an increased chance
of having thyroid nodules, and overt/subclinical hypo-
thyroid state (higher TSH level) was associated with a
decreased chance in the present study. Because TSH is a
major regulator of the growth and differentiation of thy-
rocytes, the TSH level had been expected to be higher in
subjects with thyroid nodules than in those without nod-
ules. Although we cannot clearly explain our results con-
trary to expectations, there is a possibility that our data
may include subjects who had already been diagnosed of
thyroid nodule and maintained levothyroxine for TSH
suppression at the time of health checkup because we
did not exclude the subjects using any kind of medica-
tion, including thyroid hormone or antithyroid drugs.
In addition, extremely high prevalence of “hot nodule”
could result in this association. However, our data from
over 72,000 cases consistently demonstrated the associ-
ation between the higher prevalence of thyroid nodule
and the lower TSH level after adjusting other clinical
factors. Further studies to investigate the underlying
mechanisms of this association are required.

This study highlights some important clinical impli-
cations. Our data showing a high prevalence of thyroid
nodules in the subjects who underwent thyroid US at
health checkups and increasing prevalence in older
age groups indicate that the popularity of thyroid US
has contributed to the increase in detection of thyroid
nodules and cancer in the general population. This con-
tribution of thyroid US is also supported by the obser-
vations that the nodule prevalence did not change with
time in the subjects who underwent thyroid US and that
the absolute number of people receiving thyroid US has
increased every year from 4,804 cases in 2004 to 19,939
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cases in 2010. The result showing that most of the thy-
roid nodules detected at health checkups measured <1.0
cm is also consistent with the contribution of thyroid
US to the high prevalence of thyroid nodules. Neverthe-
less, our data confirm an association between thyroid
nodule presence and metabolic disturbance, including
obesity and MetS. Considering the increases in the prev-
alence of obesity, MetS, and diabetes in Korea, our data
suggest that metabolic disturbances may play a role in
the recent increase in the prevalence of thyroid nodules.

The limitations of this study include the cross-sec-
tional study design. Although we adjusted for possible
covariates, we could not confirm a causal link between
the clinical parameters and thyroid nodule presence in
this study. Investigating the risk factors for newly devel-
oped thyroid nodules in a prospective or retrospective
cohort study may improve the strength of future studies.
Another limitation is the lack of morphological analysis
and further information about the thyroid nodules. We
could not include the data of multiplicity, echogenicity,
border irregularity, microcalcification, or spongi-form
morphology of thyroid nodules because we extracted the
data from free text of US reports using a computerized
keyword extraction method. Investigation of the clini-
cal parameters associated with thyroid nodules, such as
suspicious morphology or cytologic findings, may have
strong clinical impact. We found differences in several
parameters, including the concentrations of AST, ALT,
GGT, BUN, creatinine, and uric acid, between the nodular
and non-nodular groups. However, the differences were
not clinically significant, and we included some clinically
applicable parameters in multivariable analyses.

In conclusion, we conducted a multicenter study to
investigate the prevalence of thyroid nodules detected
at health checkups and their associated clinical parame-
ters. The high prevalence of thyroid nodules detected by
thyroid US at health checkups suggests that increased
detection of thyroid nodules has resulted in an increas-
ing prevalence in the general population. However, the
association between thyroid nodule presence and met-
abolic disturbances, including obesity and MetS, sug-
gests that these metabolic disturbances may have also
contributed to the increase in the prevalence of thyroid
nodules in Korea.
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KEY MESSAGE

1. The prevalence of thyroid nodules detected
by thyroid ultrasound at health checkups was
34.2%.

2. Thyroid nodules were more prevalent in women
and older age groups.

3. Thyroid nodule presence was associated with
sex, age, body mass index, and metabolic syn-
drome.

4. The association between thyroid nodule pres-
ence and metabolic disturbances suggests that
metabolic disturbances may have also contrib-
uted to the increase in the prevalence of thyroid
nodules in Korea.
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