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Background: No nationwide epidemiological study evaluating the prevalence of subclinical and overt forms of hypothyroidism and
hyperthyroidism has yet been conducted in Korea. This study aimed to evaluate the reference range of serum thyroid stimulating
hormone (TSH) and the national prevalence of thyroid dysfunctions in Korea.

Methods: Nation-wide cross-sectional data were analyzed from a representative sample of the civilian, non-institutionalized Korean
population (7=6,564) who underwent blood testing for thyroid function and anti-thyroid peroxidase antibody (TPOADb) as part of the
Korea National Health and Nutrition Examination Survey VI (2013 to 2015).

Results: The reference interval of serum TSH in the Korean reference population was 0.62 to 6.68 mIU/L. Based on this reference
interval, the prevalence of overt and subclinical hypothyroidism was 0.73% (males 0.40%, females 1.10%) and 3.10% (males 2.26%,
females 4.04%), respectively. The prevalence of hypothyroidism increased with age until the age group between 50 to 59 years. Pos-
itive TPOAb were found in 7.30% of subjects (males 4.33%, females 10.62%). The prevalence of overt and subclinical hypothyroid-
ism TPOAb-positive subjects was 5.16% and 10.88%, respectively. The prevalence of overt and subclinical hyperthyroidism was
0.54% (males 0.30%, females 0.81%) and 2.98% (males 2.43%, females, 3.59%), respectively.
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Conclusion: The Serum TSH reference levels in the Korean population were higher than the corresponding levels in Western coun-

tries. Differences were found in the prevalence of hypothyroidism and hyperthyroidism according to age, sex, and TPOAD positivity.

This study provides important baseline information for understanding patterns of thyroid dysfunction and diseases in Korea.
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INTRODUCTION

The level of serum thyroid stimulating hormone (TSH) is the
most sensitive diagnostic index to evaluate thyroid dysfunction
in subjects without hypothalamic or pituitary dysfunction. The
diagnosis of thyroid dysfunctions, especially subclinical dys-
functions, is significantly affected by the validity of the TSH ref-
erence interval. Subclinical hypothyroidism and subclinical hy-
perthyroidism are defined as abnormally increased or decreased
serum TSH levels with a normal serum free thyroxine (fT4) level
[1]. However, the optimal cutoff values of serum TSH and the
clinical significance of subclinical thyroid dysfunction are still
controversial [2]. The prevalence of subclinical hypothyroidism
has been reported to vary from 3% to 12% and that of subclinical
hyperthyroidism to vary from 1% to 6% [3-13].

Serum TSH levels can be affected by age, gender, thyroid au-
toantibodies, smoking, and iodine intake [4,5,7,8,10-21]. There-
fore, the National Academy of Clinical Biochemistry suggested
that the serum TSH reference range should be established in
rigorously screened normal euthyroid volunteers without evi-
dence of thyroid disease [21]. A recent Korean study using insti-
tutional routine health check-up data demonstrated that the se-
rum TSH levels in a Korean reference population were higher
than the levels that have been reported in other countries [22].
That study suggested that excess dietary iodine intake could be
considered an important factor contributing to this discrepancy.

Previously, the nationwide incidence and prevalence of hypo-
thyroidism and hyperthyroidism have only been reported based
on claims data provided by the Health Insurance Review and
Assessment Service [23,24]. A large nationwide epidemiologi-
cal study evaluating the reference range of serum TSH and the
prevalence of hypothyroidism and hyperthyroidism has never
been conducted in Korea. The Centers for Disease Control and
Prevention has conducted a series of Korea National Health and
Nutrition Examination Surveys (KNHANES) starting in 1998.
The KNHANES VI (2013 to 2015) measured serum TSH, fT4,
anti-thyroid peroxidase antibody (TPOADb), and urinary iodine
(UI) concentration.

This study aims to evaluate the reference range of serum TSH
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levels and the national prevalence of subclinical and clinical
forms of thyroid dysfunction in South Korea based on the sur-
vey data obtained from the KNHANES VI (2013 to 2015).

METHODS

Study subjects

The data were collected from the KNHANES VI (2013 to
2015), a nationwide, cross-sectional survey of the Korean popu-
lation that used a stratified, multistage clustered probability
sampling to select a representative sample of the civilian, non-
institutionalized Korean population. The KNHANES is an on-
going surveillance system that assesses the health and nutrition-
al status of Koreans, monitors trends in health risk factors and
the prevalence of major chronic diseases, and provides data for
the development and evaluation of health policies and programs
in Korea.

Research subjects were selected through 2-stage stratified
cluster sampling using population and housing census data. Ad-
ditionally, laboratory tests for serum TSH, fT4, TPOADb, and UI
concentrations were performed using stratified subsampling ac-
cording to gender and age in approximately 2,400 persons aged
10 years and older in each year of KNHANES VI (2013 to
2015).

Laboratory methods

For the analysis of serum TSH, fT4, and TPOAb approximately
15 mL of blood was collected. After separation of the serum
within 30 minutes, the sample was transferred to the testing fa-
cility. Collected specimens were analyzed by an electrochemilu-
minescence immunoassay within 24 hours.

Serum TSH, T4, and TPOAD levels were measured with an
electrochemiluminescence immunoassay (Roche Diagnostics,
Mannheim, Germany). TSH was measured using an E-TSH kit
(Roche Diagnostics), for which the reference range was 0.35 to
5.50 mIU/L. The fT4 was measured using a E-Free T4 kit (Roche
Diagnostics), the reference range was 0.89 to 1.76 ng/mL.
TPOAD was measured using an E-Anti-TPO kit (Roche Diagnos-
tics); the normal range for TPOAD in humans is <34.0 IU/mL.
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The reported results of TSH, fT4, and TPOAb met the specifi-
cations regarding accuracy, general chemistry, special immunol-
ogy, and ligand of the quality control and quality assurance pro-
gram of the College of American Pathologist [25]. UI concen-
trations were measured with an inductively coupled plasma
mass spectrometry devise (ICP-MS; Perkin Elmer ICP-MS,
Waltham, MA, USA). UI concentrations were measured using
an lodine standard (Inorganic Venture, Christiansburg, VA,
USA). Iodine concentrations were adjusted using creatinine
concentration to correct for variable water excretion rates at the
time of spot urine specimen collection.

Definition of the disease-free and reference populations
The disease-free population was defined as subjects with no pri-
or history of thyroid disease and no history of taking medication
that could influence thyroid function. The reference population
was defined as subjects with no prior history of thyroid disease,
no history of taking medication that could influence thyroid
function, no family history of thyroid disease, negative TPOADb
results, and serum fT4 levels in the reference range.

Statistical analysis

Statistical analysis was performed with SAS survey procedures
version 9.4 (SAS Institute Inc., Cary, NC, USA) reflecting sam-
ple design and weight. The TSH reference range and prevalence
of thyroid dysfunctions were compared after age-standardiza-
tion based on the projected population in 2005. The estimated
population was not calculated based on the suppression rule for
proportion estimates of the United States (US) National Center
for Health Statistics as the estimated prevalence of thyroid dys-
functions had a low statistical precision.

RESULTS

Baseline characteristics of the subjects

A total of 6,564 subjects underwent thyroid function testing in
the KNHANES VI (2013 to 2015). The median age was 42
years (interquartile range [IQR], 28 to 56), and 3,378 males
(52.8%) and 3,186 females (47.2%) were included in this study.
The baseline characteristics including the distribution of each
age group are summarized in Table 1. A history of thyroid dis-
ease was present in 169 subjects (2.6%), including 0.8% of
males and 4.5% of females. The median Ul concentration was
299.4 ng/LL (IQR, 158.9 to 700.1) and the urine iodine-to-creati-
nine ratio was 192.6 pg/g (IQR, 103.2 to 477.6). A positive
TPOAD result was detected in 480 subjects (7.3%), including
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4.3% of males and 10.5% of females. The disease-free popula-
tion comprised 6,326 of the 6,564 subjects (96.4%), and the ref-
erence population comprised 5,574 subjects (84.9%).

Serum TSH and fT4 concentrations

In the total population, the median serum TSH level was 2.25
mlU/L (IQR, 1.53 to 3.30). The value of the 2.5th and 97.5th
percentiles of serum TSH levels was 0.51 and 7.61 mIU/L, re-
spectively (Table 1). In the disease-free population, the median
serum TSH level was 2.26 mIU/L (IQR, 1.55 to 3.28). The me-
dian serum TSH concentration in males was 2.17 mIU/L (IQR,
1.49 to 3.07) and that of females was 2.37 mIU/L (IQR, 1.62 to
3.57). The 2.5th percentile of serum TSH levels was 0.57 mIU/L
(males 0.61 mIU/L, females 0.55 mIU/L) and the 97.5th percen-
tile of serum TSH levels was 7.49 mIU/L (males 6.83 mIU/L,
females 8.18 mIU/L).

In the reference population, the median serum TSH level was
2.23 mIU/L (IQR, 1.55 to 3.18). The median values of serum
TSH levels in males and females were 2.15 mIU/L (IQR, 1.49
to 3.02) and 2.31 mIU/L (IQR, 1.62 to 3.35), respectively. The
2.5th percentile of serum TSH levels was 0.62 mIU/L (males
0.63 mIU/L, females 0.60 mIU/L), and the 97.5th percentile of
serum TSH levels was 6.86 mIU/L (males 6.44 mIU/L, females
7.21 mIU/L). The reference interval for serum TSH levels was
considered to be between 0.62 and 6.86 mIU/L in this study.

In the total sample, the median serum T4 level was 1.23 ng/dL.
(IQR, 1.12 to 1.35), as shown in Table 2. In the disease-free pop-
ulation, the median serum fT4 level was 1.23 ng/dL (IQR, 1.12
to 1.35). The median serum fT4 concentration in males was 1.27
ng/dL (IQR, 1.16 to 1.40) and that in females was 1.18 ng/dL
(IQR, 1.08 to 1.29). In the reference population, the median se-
rum fT4 level was 1.24 ng/dL (IQR, 1.13 to 1.35). The median
values of serum fT4 levels in males and females were 1.28 ng/dL
(IQR, 1.16 to 1.40) and 1.19 ng/dL (IQR, 1.09 to 1.30), respec-
tively.

Prevalence of hypothyroidism in Korea

The prevalence of overt hypothyroidism and subclinical hypo-
thyroidism in Korea was 0.73% and 3.10%, respectively (Table
3). The prevalence of overt hypothyroidism was 0.40% in males
and 1.10% in females. The prevalence of subclinical hypothy-
roidism in males and females was 2.26% and 4.04%, respec-
tively. The prevalence of overt and subclinical hypothyroidism
according to sex and age group is illustrated in Fig. 1A, B. The
prevalence of overt and subclinical hypothyroidism increased
with age until the age group between 50 to 59 years (50s). The
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Table 2. Serum TSH and T4 Concentrations in the Total Sample, the Disease-Free Population and the Reference Population in Korea
National Health and Nutrition Examination Survey (2013 to 2015)

S— Total sample Disease-free population® Reference population®
Total Male Female Total Male Female Total Male Female
TSH, mIU/L
2.5th Percentile 0.51 0.59 0.37 0.57 0.61 0.55 0.62 0.63 0.60
25th Percentile 1.53 1.48 1.59 1.55 1.49 1.62 1.55 1.49 1.62
Median 225 2.17 2.36 2.26 2.17 2.37 2.23 2.15 2.31
75th Percentile 3.30 3.08 3.59 3.28 3.07 3.57 3.18 3.02 3.35
97.5th Percentile 7.61 6.94 8.45 7.49 6.83 8.18 6.86 6.44 721
fT4, ng/dL
2.5th Percentile 091 0.96 0.87 0.92 0.96 0.88 0.96 0.99 0.94
25th Percentile 1.12 1.16 1.08 1.12 1.16 1.08 1.13 1.16 1.09
Median 1.23 1.28 1.19 1.23 1.27 1.18 1.24 1.28 1.19
75th Percentile 1.35 1.40 1.30 1.35 1.40 1.29 1.35 1.40 1.30
97.5th Percentile 1.63 1.65 1.58 1.61 1.64 1.55 1.60 1.61 1.53

TSH, thyroid stimulating hormone; fT4, free thyroxine.

*The disease-free population was defined as subjects with no prior history of thyroid disease and no history of taking medications that could influence
thyroid function; "The reference population was defined as subjects with no prior history of thyroid disease, no history of taking medications that could
influence thyroid function, no family history of thyroid disease, negative anti-thyroid peroxidase antibody results, and serum T4 levels in the reference
range (0.89 to 1.76 ng/dL).

Table 3. Prevalence of Hypothyroidism and Hyperthyroidism in Korea according to Age and TPOAD Positivity

Overt hypothyroidism*  Subclinical hypothyroidism®  Overt hyperthyroidism®  Subclinical hyperthyroidism®
Total Male Female Total Male Female Total Male Female Total Male  Female

Variable

Total population, stratified by age, yr

All ages 073 040 1.10 3.10 226 4.04 054 030 0.81 2.98 243 3.59
10-18 0.00  0.00 0.00 3.60 240 5.23 094 063 134 1.60 1.41 1.85
19-29 020 0.00 045 234 220 252 025 019 031 2.26 1.18 3.65
30-39 024 0.00 0.54 2.15 1.71 2.68 064 020 1.17 2.73 1.86 3.78
40-49 098 023 191 2.86  2.09 3.81 049 022 083 2.88 3.05 2.66
50-59 144 097 193 509 298 7.32 0.78  0.00 1.60 3.57 3.60 3.53
60-69 122 121 122 262 217 2.98 026 0.60 0.00 430 3.14 5.20
=70 058 1.13  0.00 297 241 3.55 083 1.63  0.00 3.13 3.75 2.48
Total population, stratified by TPOAb
Positive TPOAD 516 592 481 10.88  9.10 11.69 292 244 313 3.80 4.06 3.67
Negative TPOAb 039 0.16 0.66 2.49 1.95 3.13 035 020 0.54 2.92 2.36 3.58

Values are expressed as percentage. TPOADb positivity was defined as >34.0 IU/mL.

TPOADb, anti-thyroid peroxidase antibody.

*Overt hypothyroidism was defined thyroid stimulating hormone (TSH) (mlU/L) >97.5th percentile and free thyroxine (fT4) (ng/dL) <0.9; "Subclinical
hypothyroidism was defined TSH (mlU/L) >97.5th percentile and 0.9<fT4 (ng/dL)<1.8; “Overt hyperthyroidism was defined TSH (mlU/L) <2.5th
percentile and fT4 (ng/dL) =1.8; “Overt hyperthyroidism was defined TSH (mlU/L) <2.5th percentile and 0.9<{T4 (ng/dL)<1.8.

prevalence of overt hypothyroidism in 50s was 1.44% (males The prevalence of overt and subclinical hypothyroidism in
0.97%, females 1.93%). The prevalence of subclinical hypothy-  subjects with positive TPOAD results was 5.16% (males 5.92%,
roidism in 50s was 5.09% (males 2.98%, females 7.32%). females 4.81%) and 10.88% (males 9.10%, females 11.69%),
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Fig. 1. Prevalence of overt and subclinical thyroid dysfunction according to age and sex in Korea. (A) Prevalence of overt hypothyroidism
and (B) subclinical hypothyroidism. (C) Prevalence of overt hyperthyroidism and (D) subclinical hyperthyroidism.

respectively. The corresponding rates in the subjects with nega-
tive TPOAD results were 0.39% (males 0.16%, females 0.66%)
and 2.49% (males 1.95%, females 3.13%), respectively.

Prevalence of hyperthyroidism in Korea

The prevalence of overt hyperthyroidism and subclinical hyper-
thyroidism in Korea was 0.54% and 2.98%, respectively (Table
3). The prevalence of overt hyperthyroidism was 0.30% in
males and 0.81% in females. The prevalence of subclinical hy-
pothyroidism in males and females was 2.43% and 3.59%, re-
spectively. The prevalence of overt and subclinical hyperthy-
roidism according to sex and age groups is presented in Fig. 1C,
D. The prevalence of subclinical hyperthyroidism increased un-
til the age group between 60 and 69 years (60s, 4.30%).

The prevalence of overt and subclinical hyperthyroidism in
subjects with positive TPOAD results was 2.92% (males 2.44%,
females 3.13%) and 3.80% (males 4.06%, female 3.67%), re-
spectively. The corresponding rates in subjects with negative
TPOAD results were 0.35% (males 0.20%, female 0.54%) and
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2.92% (males 2.36%, females 3.58%), respectively.

Prevalence of TPOAD positivity in Korea

The prevalence of TPOAD positivity was 4.33% in males and
10.62% in females (Table 4). The prevalence of TPOAD positiv-
ity according to sex and age group is presented in Fig. 2. The
prevalence of TPOAD positivity in the total population in-
creased with age until 50s (11.71%). The prevalence of TPOAb
positivity in 50s was 5.97% in males and 17.78% in females.
The corresponding values in 60s were 7.71% in males and
11.80% in females.

DISCUSSION

This nation-wide cross-sectional study was the first to evaluate
the distribution of serum TSH levels in the Korean population.
We evaluated the levels of serum TSH in the total population,
the disease-free population, and the reference population to
compare our data with the results of the National Health and

www.e-enm.org 1]



Table 4. Prevalence of TPOAD Positivity in Korea according to
Age
S— Positive TPOAD results, %
Total Male Female
Total population, stratified by
age, yr
All ages 7.30 433 10.62
10-18 2.81 2.12 3.73
1929 4.13 3.27 5.23
30-39 5.63 2.76 9.08
40-49 7.94 422 12.54
50-59 11.71 5.97 17.78
60-69 10.01 7.71 11.80
=70 3.13 3.13 3.14
TPOADb positivity was defined as >34.0 [U/mL.
TPOAD, anti-thyroid peroxidase antibody.

Nutrition Examination Surveys (NHANES) in the US. In the
US NHANES III data (1988 to 1994), the 2.5th and 97.5th per-
centiles of serum TSH in the reference population were 0.45
and 4.12 mIU/L, respectively [8]. However, those correspond-
ing values in the reference population in our study were 0.62
and 6.86 mIU/L. This finding is also compatible with those of a
recent single-institutional study in Korea that indicated the 2.5th
and 97.5th percentiles of serum TSH were 0.73 and 7.06 mIU/L,
respectively [22]. The median serum TSH level in the reference
population was also higher in our study (2.23 mIU/L) than that
in the US NHANES III data (1.39 mIU/L). This difference in
serum TSH levels can be explained by ethnic differences. In the
US NHANES III data, the 2.5th and 97.5th percentiles of serum
TSH in the reference groups were 0.49 and 4.18 mIU/L in
whites, 0.35 and 3.63 mIU/L in blacks, 0.43 and 3.91 mIU/L in
Maxican-Americans, and 0.40 and 4.19 mIU/L in the remaining
races [8]. The discrepancy with the distribution of serum TSH
levels in Koreans was greater than expected. These findings
suggest that other factors might have contributed to the higher
levels of serum TSH in the Korean population.

Iodine intake could be an important factor contributing to the
distribution of serum TSH in the Korean population. The medi-
an value of Ul was 299.4 ng/L in our study, whereas the corre-
sponding values found in the US data are 145 pg/L (1988 to
1994) and 160 pg/L (2003 to 2004) [26,27]. Previously, several
studies have suggested that iodine intake affects the reference
interval of serum TSH and the prevalence of thyroid disease
[11,19,20]. A Chinese study observed a Ul-related increase of

112 www.e-enm.org

N £M

20

Total
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Age (yr)

Fig. 2. Prevalence of subjects with positive anti-thyroid peroxidase
antibody (TPOAD) results according to age and sex in Korea.

serum TSH levels in areas with different iodine intake levels. In
that study, the 2.5th and 97.5th percentiles of serum TSH levels
in the reference group were 0.59 and 5.98 mIU/L, respectively,
in areas with excess iodine consumption, and 0.33 and 3.42
mlIU/L in iodine-deficient areas [17]. In the US NHANES III,
significantly higher TSH concentrations were found in persons
with high Ul-to-creatinine ratios, but not in people with low io-
dine-to-creatinine ratios [8]. These findings supported the possi-
bility that iodine consumption is an important factor associated
with TSH concentrations areas such as Korea where large
amounts of iodine are consumed.

The prevalence of subclinical hypothyroidism and hyperthy-
roidism can vary according to the reference value of serum TSH
because these conditions are defined in terms of elevated or de-
pressed levels of serum TSH with a normal serum T4 level.
The prevalence of subclinical hypothyroidism in our study was
3.1%. In the US NHANES 111, the prevalence of subclinical hy-
pothyroidism was 4.3%, with a cutoff value of serum TSH
greater than 4.5 mIU/L [8]. However, the prevalence of subclin-
ical hypothyroidism in the Ansung cohort and Korean Longitu-
dinal Study on Health and Aging study was 11.7% and 17.3%,
respectively, with a cutoff value of serum TSH greater than 4.1
mlU/L [28]. That study did not evaluate the distribution of se-
rum TSH in the study population and the reference population.
If a lower reference value of serum TSH is used in areas with
excess iodine consumption, the prevalence of subclinical hypo-
thyroidism would be overestimated and that of subclinical hy-
perthyroidism would be underestimated.

In our study, we included 6,564 subjects who were older than
10 years representing the Korean population. The age distribu-
tion of subjects in each decade was between 13.8% to 18.2% ex-
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cept those with older than 70 years (1.7%). Men and women
were accounted for 52.8% and 47.2% of the total study popula-
tion, respectively. In US NHANES 111, thyroid function testing
was done in a sample of 17,353 people (aged between 12 and 74
years) representing the geographic and ethnic distribution of the
US population were included [8]. The age distribution of the
study subjects in each decade and the proportion of each gender
were similar with our study except individuals older than 70
years. We included relatively small portion of subjects who were
older than 70 years. The US NHANES III did not include sub-
jects who were older than 75 years old. Therefore, it needs to be
cautious when apply our results directly to the older populations.

This study has several limitations. This is a cross-sectional
study and it was not possible to evaluate the changes in thyroid
function in each individual. The study only included noninstitu-
tionalized subjects and might have excluded individuals at a
higher risk for thyroid disease. Twenty-four-hour urine samples
were not available for the improved assessment of iodine intake.
The presence of thyroid disease, the use of medicines that could
influence thyroid function, and the presence of a family history
of thyroid disease were self-reported. More detailed histories
and physical examination findings were not available. Thyroid
function tests were not performed in children under the age of
10 years. Nonetheless, this is the first nation-wide epidemiolog-
ical study to evaluate the prevalence of hypothyroidism and hy-
perthyroidism in Korea by researches from both the Korean
Thyroid Association and the Centers for Disease Control and
Prevention.

In conclusion, the reference interval of TSH in the Korean
population was found to be between 0.62 and 6.68 mIU/L,
which is higher than that of Western countries. Based on this
reference interval, the prevalence of overt and subclinical hypo-
thyroidism was 0.73% and 3.10%, respectively. Overt and sub-
clinical hyperthyroidism was present in 0.54% and 2.98% of the
Korean population, respectively. Differences were found in the
prevalence of hypothyroidism and hyperthyroidism according
to age, sex, and TPOAD positivity. This study provides impor-
tant baseline information for understanding patterns of thyroid
dysfunction and disease in Korea.
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