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Background: This study aimed to investigate the changes of incidence and treatment of choice for hyperthyroidism from 2003 to
2018 and explore the treatment-related complications and concomitant comorbidities in South Korea using data from the National
Health Insurance Service.

Methods: This is a retrospective observational study. Hyperthyroidism was defined as a case having two or more diagnostic codes
of thyrotoxicosis, with antithyroid drug intake for more than 6 months.

Results: The average age-standardized incidence of hyperthyroidism from 2003 to 2018 was 42.23 and 105.13 per 100,000 men and
women, respectively. In 2003 to 2004, hyperthyroidism was most often diagnosed in patients in their 50s, but in 2017 to 2018, peo-
ple were most often diagnosed in their 60s. During the entire period, about 93.7% of hyperthyroidism patients were prescribed with
antithyroid drugs, and meanwhile, the annual rates of ablation therapy decrease from 7.68% in 2008 to 4.56% in 2018. Antithyroid
drug-related adverse events, mainly agranulocytosis and acute hepatitis, as well as complications of hyperthyroidism such as atrial
fibrillation or flutter, osteoporosis, and fractures, occurred more often in younger patients.

Conclusion: In Korea, hyperthyroidism occurred about 2.5 times more in women than in men, and antithyroid drugs were most pre-
ferred as the first-line treatment. Compared to the general population, hyperthyroid patients may have a higher risk of atrial fibrilla-
tion or flutter, osteoporosis, and fractures at a younger age.
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INTRODUCTION

The thyroid gland is an organ that produces thyroid hormones.
Hyperthyroidism due to thyroid hormone excess presents as
weight loss, tachycardia, hyperhidrosis, anxiety, or fatigue [1].
Hyperthyroidism is mainly caused by Graves’ disease. Treat-
ment methods include antithyroid drug therapy, surgery, and ra-
dioactive iodine (RAI) therapy [2]. In Korea, antithyroid drug
treatment is mostly preferred, as 97.9% of hyperthyroid patients
diagnosed between 2007 and 2011 were prescribed with anti-
thyroid drugs [3].

Antithyroid drugs used in Korea are propylthiouracil (PTU),
methimazole (MMI), and carbimazole. As PTU can cause se-
vere hepatotoxicity, MMI is usually recommended as the first-
line prescription, except in early pregnancy and limited circum-
stances [2]. Acute severe complications from antithyroid drug
intake include agranulocytosis, hepatitis, and pancreatitis [4,5].
If a hyperthyroid patient is treated with surgery or RAI, perma-
nent hypothyroidism develops and requires life-long thyroid
hormone supplementation. Cardiovascular complications from
hyperthyroidism include atrial fibrillation and heart failure due
to increased cardiac output and cardiac hypertrophy [6]. Addi-
tionally, osteoporosis and fractures are easily induced in thyro-
toxicosis because of increased bone turnover, particularly in
postmenopausal women [7].

As of 2015, the prevalence and incidence of hyperthyroidism
were 2.76 and 0.55 per 1,000 population, respectively [8]. How-
ever, there have been no investigations on the status of hyper-
thyroidism treatment other than antithyroid drugs, treatment-re-
lated complications, or comorbidities.

This study aimed to investigate the changes of annual age-
standardized incidence and treatment of choice for hyperthy-
roidism from 2003 to 2018. We also explored the complications
related to antithyroid drugs and concomitant comorbidities in
South Korea using data from the National Health Insurance.

METHODS

Data source and study population

We collected data from the database of the National Health In-
surance Service (NHIS) of Korea, which contains information
on healthcare use of almost the entire Korean population. Ap-
proximately 97% of the population is covered by the NHIS, with
the remaining 3% covered by medical aid [9]. The database con-
sists of five tables, including general patient details (age, sex,
department, date of visit, and state), in-hospital treatment details
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(medical, prescription, and examination fees, and procedure/op-
eration codes), disease details (International Classification of
Diseases, 10th revision diagnosis codes), outpatient prescription
details (drugs, the number of prescription days, and quantity),
and nursing institution information (National Health Insurance
Sharing Service). All other personal and non-payment informa-
tion were removed to ensure non-identification of the patients.
Since NHIS data collection began in 2002, the data from 2003
to 2018 were investigated, with a wash-out period of 1 year.

The study protocol was approved by the Institutional Review
Board of Chung-Ang University Hospital (IRB 1911-031-16294)
and written informed consent was waived by the board. This
study adheres to the guidelines of the Declaration of Helsinki.

Definition of hyperthyroidism and collected data
Hyperthyroidism was defined as a case with two or more E05
or E06 diagnostic codes and prescription of antithyroid drugs.
In previous studies, hyperthyroidism has been defined as a case
of using antithyroid drugs for a certain period with a diagnosis
code [10]. We analyzed the age-standardized incidence and
prevalence of Graves’ disease treated with antithyroid drugs for
a relatively long duration of least 6 months. Given that nearly a
quarter (24%) of patients who were prescribed antithyroid drug
had been using it for less than 6 months, the majority of these
cases were deemed to have a strong likelihood of transient thy-
rotoxicosis, attributed to destructive thyroiditis. However, for
analyzing treatment options, adverse events of antithyroid drugs,
and comorbidities of hyperthyroidism, cases with two or more
EOS5 or EO6 diagnostic codes and any antithyroid drug intake
were include (Fig. 1).

For medical treatment, prescriptions of antithyroid drugs, in-
cluding MMI (191801ATB, 191802ATB), carbimazole (471501
ATB, 471502ATB, 471503ATB), and PTU (220101ATB, 220102
ATB), were collected. Agranulocytosis, acute pancreatitis, and
hepatitis after antithyroid drug intake were considered as drug-
related adverse events. Inpatient claims data of agranulocytosis
(D70), acute pancreatitis (K853, K858, or K859), and hepatitis
(K71, K72 or K73) occurring within 365 (for agranulocytosis)
and 90 days (for acute pancreatitis or hepatitis) after the first use
of antithyroid drug were collected. Cases of hyperthyroidism
were recruited from January 2003 to December 2018, and drug-
related adverse events were explored until December 2019.

For ablation therapy, claimed codes of thyroid surgery (P4551-
4554) and RAI treatment (HD071, HD072, HH140) were col-
lected. For subjects who underwent thyroid surgery under the di-
agnosis of hyperthyroidism, claimed data of preoperative cyto-
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logic tests (C5941-5944) and postoperative diagnostic codes of
thyroid cancer (C73) were collected.

Definition of comorbidities of hyperthyroidism

As for comorbidities, cases with atrial fibrillation or flutter, hos-
pitalized heart failure, osteoporosis or osteopenia, and osteopo-
rotic fracture were explored from the first diagnosis of hyper-
thyroidism to the end of the study (December 2019).

Atrial fibrillation or flutter was defined as disease code 148
appearing twice or more in the claims data. Hospitalized heart
failure was defined as those with disease code 150 as the main
diagnosis in their claims data. Osteoporosis or osteopenia was
defined as those diagnosed with M80, M81, M82, or M85 dis-
ease codes twice or more. The types of fractures were defined
with their corresponding codes as follows: hip (S720, S721,
S722), vertebral (M484, M485, S220, S221, S320, S321), and
non-vertebral, and non-hip (S223, S224, S228, S229, S323,
S324, S325, S327, S328, S422, S423, S428, S524, S525, S526,
S528, 8529, S723, S724, S728, S729, S820, S823, S825, S826).

Statistical analysis

The age-standardized incidence rate was defined as the weight-
ed average crude age-specific rate, where the crude rates were
calculated for different age groups and the weights were the
proportion of persons in the corresponding age groups of a stan-
dard population (2000). Annual percent changes (APCs) and
95% confidence intervals (Cls) were analyzed using linear re-

gression analysis. These data were analyzed using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA). The age-adjusted inci-
dence rates for the two periods were compared using Student’s ¢
test. For complications of antithyroid drugs and comorbidities
of hyperthyroidism, the number per 1,000 people was calculated
for each age group and the total population.

RESULTS

Incidence and prevalence of hyperthyroidism from 2003 to
2018

The average age-standardized incidence of hyperthyroidism
from 2003 to 2018 was 42.23 per 100,000 men and 105.13 per
100,000 women (Fig. 2A). The APCs were 0.89% (95% CI,
—0.98% to 2.77%) and —0.04% (95% CI, —1.94% to 1.87%) in
men and women, respectively.

As of 2018, the prevalence of hyperthyroidism was 3.04 per
1,000 population, and the age-standardized prevalence was 2.48
per 1,000 population. By 2018, there were 105,485 (67.1%) fe-
male and 51,714 (32.9%) male hyperthyroidism patients. Ac-
cording to age- and sex-specific prevalence results (Fig. 2B),
hyperthyroidism patients were most commonly aged 50 to 59
years in men and 60 to 69 years in women. Interestingly, when
the average of the age-standardized incidence rates by age
group in 2017-2018 was compared with that of 2003—-2004, the
incidence rates were significantly higher in men in their 60s to
80s, and in women in their 70s to 90s (Fig. 2C).

(1=52,836,058)

Korean National Health Insurance database

Hyperthyroidism during 2003-2018
* E05 or E06 code >2 times
* And prescription of antithyroid drugs (n=626,043)

Patients with

All hyperthyroidism patients
antithyroid drugs = 1 times (n=626,043)

antithyroid drugs =180 days (n=470,571)

Analysis of
1) Age-standardized incidence
2) Prevalence in 2018

Fig. 1. Study population flow diagram.

438  www.e-enm.org
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Analysis of
1) Treatment options
2) Adverse events of antithyroid drugs
3) Comorbidities of hyperthyroidism
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Changes of therapeutic modalities for hyperthyroidism

Fig. 3A showed the changes in therapeutic modalities for hyper-
thyroidism by year. During the whole study period, the average
rate of antithyroid drug treatment has not changed over time ap-
proximately 93.7% of all hyperthyroidism patients. Meanwhile,
the annual rates of ablation therapy decreased from 7.68% in
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Fig. 3. (A) Status of treatment options of hyperthyroidism during study period is shown. (B) The number of thyroid surgeries and rate of
thyroid cancer diagnoses among patients who underwent thyroid surgery are presented. RAI, radioactive iodine.
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to 1.95% in 2018.

Among 43,779 patients who received ablation therapy from
2003 to 2018, 7.42% of them received antithyroid drugs for less
than 1 month, presumably due to experiencing adverse effects or
detection of suspicious thyroid nodules (Supplemental Fig. S1).
Meanwhile, 35.7% of them received antithyroid drugs for more
than 2 years prior to thyroid ablation (Supplemental Fig. S1).

For patients who underwent thyroid surgery, the rate of thy-
roid cancer was investigated (Fig. 3B). From 2003 to 2009, the
mean diagnostic rate of thyroid cancer was 28.1%+1.9%. From
2010 to 2018, the diagnostic rate gradually increased from 34%
in 2010 to 58% in 2018 (APC, 8.43%; 95% CI, 1.85% to
15.01%). In contrast, preoperative cytologic examination rates
were constantly within 10% of patients who underwent surgery
since 2010 (Supplemental Fig. S2).

Prevalence of antithyroid drug-related adverse events

Next, the incidence of drug-related adverse events, such as agran-
ulocytosis, acute pancreatitis, and hepatitis, were analyzed and
compared to those in the whole general population collected in
2018. Among hyperthyroidism patients, the overall incidence
rates of agranulocytosis occurring within 1 year after initiating
antithyroid drugs were 0.08% and 0.15% in men and women, re-
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spectively. The peak-incidence age was 0 to 9 years, with inci-
dences of 18.7 and 6.4 per 1,000 population in men and women,
respectively, and gradually decreasing with age (Fig. 4A). Mean-
while, the prevalence of agranulocytosis in general population
showed two age peaks: a small peak was observed in 0 to 9 years
old, then gradually increasing with age from 30 to 39 years old,
reaching its peak at 70 to 79 years old in both sexes (Fig. 4B).

The overall incidences of acute pancreatitis occurring within
90 days after initiating antithyroid drugs were 0.08% in men
and 0.05% in women, respectively. Acute pancreatitis occurred
more frequently in men with hyperthyroidism, especially those
in their teens, 70s, and 80s (Fig. 4C). In contrast, the incidence
of acute pancreatitis in hyperthyroid women and the general
population tended to increase after the age of 60 years (Fig. 4D).

The overall incidence of acute hepatitis occurring within 90
days after initiating antithyroid drug was 0.53% in both sexes.
The peak-incidence age was 20 to 29 years old, and gradually
decreasing with age in both sexes (Fig. 4E). However, the prev-
alence of acute hepatitis in the general population increased
with age linearly in both sexes (Fig. 4F).

Associated comorbidities diagnosed after hyperthyroidism
Next, we investigated the prevalence of atrial fibrillation or flut-
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Fig. 5. The prevalence of atrial fibrillation or flutter, heart failure, osteoporosis or osteopenia, and fractures in patients with hyperthyroidism
(A, C, E, G) and general Korean population (B, D, F, H) in 2018 are compared.

ter, heart failure, osteopenia or osteoporosis, and fractures as
comorbidities of hyperthyroidism (Fig. 5). The prevalence of
atrial fibrillation or flutter were 5.93% and 3.84% in men and
women, respectively. Atrial fibrillation or flutter was commonly
identified in hyperthyroid patients regardless of age (more than
20 per 1,000 subjects), and more frequently in men than women
(Fig. 5A). In contrast, in the general population, the prevalence
of atrial fibrillation was low in those aged <40 years but rapidly
increased after the age of 60 years (Fig. 5B).

The prevalence of heart failure was 3.21% in men and 2.86%
in women. Heart failure rates increased rapidly in both men and
women after the age of 60 years. However, there was no differ-
ence according to age and sex in the occurrence of heart failure
between hyperthyroid patients and the general population (Fig.
5C, D).

The prevalence of osteopenia or osteoporosis was 5.59% in
men and 18.18% in women. Hyperthyroid women were more
frequently affected, with the highest incidence in their 50s; men
showed the highest incidence in their 70s (Fig. 5E). In contrast,
in the general population, osteopenia or osteoporosis showed
high prevalence in women in their 70s and men in their 80s (Fig.
5F).

The prevalence of fracture was 9.11% in men and 11.81% in
women. Fractures were generally frequent in hyperthyroid pa-
tients and were specifically more common in men aged <50
years, and in women aged >50 years (Fig. 5G). In the general
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population, the number of fractures increased with age, occur-
ring more frequently after the age of 60 years (Fig. SH).

DISCUSSION

The prevalence of hyperthyroidism may vary depending on the
degree of iodine intake. According to the results of the National
Health and Nutrition Examination Survey IV, the median urine
iodine concentration (UIC) of South Korea was 293.9 ng/L,
which is above the requirement of iodine supplementation by
World Health Organization recommendations [11]. In 2018, the
prevalence of hyperthyroidism was 0.25%, and the age-stan-
dardized incidence in South Korea was 40.3 and 105.5 per
100,000 men and women, respectively. In a previous report, the
prevalence of hyperthyroidism of iodine-sufficient countries
was 0.1% to 2.5%, and the incidence was 25.8 to 81.6 per
100,000 population [12]. Considering that the UIC of most io-
dine-sufficient countries is about 100 to 150 pg/L, the iodine in-
take in South Korea is the above requirement, and the incidence
of hyperthyroidism seems to be relatively high.

In South Korea, most hyperthyroid patients are prescribed an-
tithyroid drugs, and about 50% of patients who underwent RAI
or surgery had been prescribed antithyroid drugs for more than
one year. According to a nationwide study on hyperthyroidism
treatment in Taiwan from 2004 to 2010, antithyroid drugs were
the most common treatment method (95%), followed by surgery
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(2% to 3%) and RAI (<1%) [13]. According to a nationwide
population-based study in the United States, antithyroid drugs
and RAI were administered at similar rates in 2005; however,
antithyroid drug treatment rates have gradually increased to
70% in 2013, with RAI rates at <30% [14]. Therefore, antithy-
roid drug treatment seems to be considered as first-line not only
in South Korea but also in other countries.

Thyroid cancers detected postoperatively for hyperthyroidism
increased from 30% to 58% in 2018, likely because surgery was
more actively considered if suspected nodules were seen in ul-
trasonography in hyperthyroidism patients, rather than an actual
increase in thyroid cancer. This result can be supported by the
result of a study in which 95.8% of Graves’ disease patients di-
agnosed with thyroid cancer at three tertiary hospitals in Korea
were suspected or proved malignant by cytology before surgery
[15]. However, in a recent systematic review, the average rate of
thyroid cancer diagnosis after thyroidectomy for hyperthyroid-
ism was 8.5% (range, 0.8% to 32.4%) [16]. Since South Korea
has a high incidence of thyroid cancer [17], the proportion of
thyroid cancer among hyperthyroid patients is likely also rela-
tively high.

According to previous study, neutropenia can also occur with
Grave’s disease itself, and in most of these patients, neutropenia
improved after the use of antithyroid drugs [18]. Since we only
investigated the decrease in leukocytes after the use of antithy-
roid drugs, it seems possible to differentiate it from neutropenia
caused by Grave’s disease itself.

The association of pancreatitis and antithyroid drug treatment
has been previously mentioned [5]. However, the incidence of
pancreatitis within 90 days of taking antithyroid drugs was
about 0.05% to 0.08%, which was rather low compared to that
of pancreatitis caused by other reasons. Hospitalized hepatitis
was about 0.53% within 3 months of antithyroid drug treatment,
and the risk was significantly higher than that of the general
population. In a population-based study published in Taiwan,
antithyroid drug-related hospitalized hepatotoxicity was about
0.2% [19]. In contrast, a study in Japan conducted on patients
who newly developed Graves’ disease reported that the rate of
drug-induced liver damage was about 2.5% (0.3% for men and
2.9% for women) [20]. The difference between these two stud-
ies is that hepatotoxicity was defined using diagnostic codes and
hospitalization in the Taiwan study and using liver function test
results in the Japan study. Since our study used NHIS claims
data, hepatitis was investigated by combining diagnostic codes
and hospitalization records; thus, our study seems similar to the
Taiwan study.

www.e-enm.org

Since it is well-known that excess thyroid hormones typically
affect the cardiovascular system and bone metabolism, we in-
vestigated cardiovascular and bone-related comorbidities. Since
it was technically difficult to select a control group that matched
with age, sex, and disease-related risk factors, we indirectly
compared the disease risk in hyperthyroidism patients and the
general population by dividing them by sex and age group. The
risk of atrial fibrillation or flutter, heart failure, decreased bone
density, and fractures seemed to be higher in hyperthyroid pa-
tients. However, to evaluate the accurate risk of hyperthyroid-
ism-related comorbidities, risk analysis using matched controls
and adjustment for possible risk factors will be required. While
atrial fibrillation and flutter are increased in patients with hyper-
thyroidism, the reason why the risk of heart failure is not high is
probably because the temporary effects on the heart caused by
hyperthyroidism are improved by antithyroid drug and do not
progress to permanent complications. The high prevalence of
osteoporosis in relatively young women in their 50s with hyper-
thyroidism is presumed to be because menopause further in-
creases the risk of bone loss along with hyperthyroidism. On the
other hand, since bone mineral density testing is rarely per-
formed in young men, the prevalence of osteoporosis is not
high, but the risk of fracture due to hyperthyroidism seems to be
still high. However, it should be noted that the prevalence of os-
teoporosis or fractures diagnosed before hyperthyroidism was
not included in the older age group because this prevalence only
included cases that occurred after hyperthyroidism was diag-
nosed.

This study has several limitations. First, because diagnostic
codes and prescriptions of antithyroid drugs were used to define
hyperthyroidism, patients who underwent surgery or RAI treat-
ment without using antithyroid drugs were not included. Be-
cause the number of these patients is likely to be small, it may
be difficult to conclude that we have a very accurate status of
the prevalence and treatment of hyperthyroidism. In addition,
since the prevalence was investigated with the data of patients
who used antithyroid drugs for more than 6 months to exclude
the case of using antithyroid drugs for temporary thyrotoxicosis
caused by destructive thyroiditis, the prevalence in this study
was limited to Graves’ disease with relatively long-term use of
antithyroid drugs. Second, because this study used NHIS claims
data, it was not possible to confirm actual diagnostic test results.
Since the drug-related adverse effects and comorbidities were
investigated only with an operational definition, there is a risk
that the result will be reported more or less than actual.

The significance of this study is that we were able to know
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the overall status of hyperthyroidism in South Korea by investi-
gating the occurrence, treatment modalities, complications, and
comorbidities of hyperthyroidism over a relatively long period
of 15 years using National Health Insurance Database for the
entire South Korean population.

In conclusion, the prevalence of hyperthyroidism in Korea
was 0.25%, and it occurred about 2.5 times more in women than
in men, and antithyroid drugs are most preferred as the first-line
treatment. Hyperthyroidism patients may have a higher risk of
atrial fibrillation or flutter and fractures at a younger age than
the general population.
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