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INTRODUCTION

Turner syndrome (TS), first introduced in 1938 by Henry Turn-

er,1 is defined as a phenotypic female condition with one or 
more typical clinical features and partial or complete absence of 
a second X chromosome in karyotyping.2,3 Although exact rates 
differ among studies, approximately half of individuals with TS 
have complete monosomy of the X chromosome. Common 
physical features of newborn patients with TS are webbing of 
the neck, protruding ears, and lymphedema of the hands and 
feet.4 Among children with TS, valve diseases, such as mitral re-
gurgitation, bicuspid aortic valve, and aortic coarctation, and 
renal anomalies, such as hydronephrosis and horseshoe kid-
ney, are often reported.5,6 In adolescents and adults, short stat-
ure, amenorrhea, and a lack of secondary sex characteristics are 
generally common.7 TS is the most common sexual develop-
ment disorder with primary amenorrhea.8

Since the first diagnosis of TS, epidemiology of this genetic 
disorder has been thoroughly investigated across various na-
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tions and ethnic groups, although there is a lack of nationwide 
studies in Africa, Asia, and South America. Most studies on the 
epidemiology of TS in Asian countries are old. A Japanese study 
in 1993 reported an incidence of 1 in 476 live-born females,9 
and a Singapore study in 2009 reported an incidence of 1 in 
1176 live-born females.10 The Singapore study was based on 
data from 1999 to 2004. A multicenter, but not nationwide, Ko-
rean study in 1999 reported 10 TS cases in 11000 samples of 
amniotic fluid, in which the incidence among live-born females 
could not be estimated.11 Although there are ethnic and racial 
differences, the prevalence of TS is estimated to be approxi-
mately 1 in 2500 live-born females.12 With the recent increase in 
incidence of TS in female live births, a prevalence of 1 in 1700 
live-born females was suggested in a Danish study based on 
nationwide cytogenetic registry.13 

Patients with TS face several medical problems throughout 
their lives. The life expectancy of women with TS is shorter than 
that of normal women as a result of complications from heart 
disease and diabetes.14 Significant increased risks for certain 
types of cancer, such as nervous system cancer, gastrointesti-
nal cancer, and melanoma, have been reported in patients with 
TS,15 and a possible risk of gonadoblastoma was suggested in 
mosaic TS with Y chromosome.16 Regarding these issues, epide-
miologic data of TS-associated cancer and mortality has been 
lacking in South Korea. 

Since 1989, South Korea has maintained a universal com-
pulsory National Health Insurance Service (NHIS) that offers 
health care services to nearly 100% of the Korean population.17 
This system not only covers insurance of the population but 
also maintains records of individual health information. The 
data of rare and intractable diseases, such as TS, are managed 
separately in the Rare Disease Registry (RDR) program, initiat-
ed by the NHIS in 2004 to support patients suffering from these 
diseases.18 Using from the program, TS prevalence and inci-
dence and TS-associated mortality and cancer morbidity in 
South Korea were estimated in this study. 

MATERIALS AND METHODS

The Korean RDR and the NHIS databases
In 2013, the NHIS covered 97.2% (n=49989620) of the Korean 
population; and the Medical Aid system covered the remaining 
2.8% (n=1458871).19 A nationwide registry for rare and intrac-
table diseases was established in 2001 by the Korean NHIS in 
cooperation with the Ministry of Health and Welfare.20 This 
service system, called RDR, manages lists of patients with rare 
and/or intractable diseases and provides expanded health in-
surance services, because managing the diseases is challeng-
ing and treatments are generally expensive. Patients with TS 
have been registered in the RDR (specific code designation 
V021) since 2002, and actual insurance support became effec-
tive in 2007. The RDR database collects specific medical infor-

mation on all registered patients with a physician-certified di-
agnosis. Regardless of the initial purpose of collecting and 
preserving medical records in the RDR system, the data pro-
vide information on prevalence and associated morbidity and 
mortality in these patients. Annual incidences can be calculat-
ed from the number of newly registered patients with a certain 
disease. 

From the NHIS claims database (NHIS-2020-1-489), data 
from patients with TS registered in the RDR between 2007 and 
2017 were collected. The total number of registered patients 
with TS and newly registered patients with TS in each year were 
counted. By using the entire Korean female population in the 
resident registration data obtained by the Korean Ministry of 
Security and Public Administration, the prevalence of patients 
with TS was calculated.21 Mortality risk was estimated from 
population and death data resource profiles in the NHIS data-
base (NHID) individually linked to mortality registration data 
from Statistics Korea. Under ethics approval from the research-
ers’ Institutional Review Board (IRB), access to the NHID was 
obtained through the NHIS website (http://nhiss.nhis.or.kr). 
This study was approved by the IRB of the Catholic University 
of Korea (IRB Number: KC17EIS10016). 

Study subjects
To certify diagnosis of TS, two diagnostic criteria are required by 
the RDR program. One is the presence of characteristic clinical 
manifestations of TS, such as certain phenotypic features 
(webbed neck, low hairline, low-set ears, lymphedema of hand 
and feet, cubitus valgus), short stature, heart anomaly, amenor-
rhea, osteoporosis, gonadal tumors, and abnormal thyroid 
function. The other is karyotype confirmation: a single X chro-
mosome or other karyotypes, such as mosaicism, isochromo-
some, or ring chromosome of X, is required. The 10th revision 
of the International Classification of Diseases (ICD) includes 
codes Q96,0 (Karyotype 45, X), Q96.1 [Karyotype 46, X iso(Xq)], 
Q96.2 [Karyotype 46, X with abnormal sex chromosome, except 
iso(Xq)], Q96.3 (Mosaicism, 45, X/46, XX or XY), Q96.4 [Mosa-
icism, 45, X/other cell line(s) with abnormal sex chromosome], 
Q96.8 (Turner’s syndrome, unspecified Other variants of Turn-
er’s syndrome) and Q96.9 (Q96 Turner’s syndrome) in V021, 
the specific RDR designation for TS. 

Outcome variables
From 2007 to 2016, 1506 people were newly diagnosed with 
TS. Fifty-two patients who were diagnosed with cancer before 
2010 and 19 patients with 1 year-lag (cancer occurrence or 
death in the first year of follow-up) were excluded (Fig. 1). A to-
tal of 1435 patients with TS were compared with age-matched 
controls in order to estimate TS-associated cancer and mortali-
ty risk. Social income, residential characteristics (rural/urban), 
and presence of diabetes mellitus (DM) were investigated and 
adjusted in both the TS group and control group. Residential 
characteristics and social income reflects socioeconomic sta-
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tus, which has a strong connection to cancer risk22 and mortali-
ty.23,24 DM is a well-known risk factor for high mortality due to 
vascular complications,25 and increased risks for various types 
of cancer in DM have been suggested.26 Other factors, such as 
smoking, obesity, and family history of cancer (genetic tenden-
cy), may also be considered as important factors. However, 
based on similar studies,21,27,28 we considered income, residence, 
and DM would be sufficient for interpreting the data. Cancer in-
cidence and mortality are presented as the number of cases 
per 1000 persons, adjusted in consideration of the observation 
period (person-years). Frequencies of different types of can-
cers, including stomach (ICD-10, C16), colorectal (C18-20), liv-
er (C22), pancreatic (C25), lung (C33-34), breast (C50), cervical 
(C53), thyroid (C73), lymphoma (C82-86), ovarian (C56), oral 
(C00-14), esophageal (C15), biliary (C24), laryngeal (C32), cor-
pus (C54), renal (C64), bladder (C67), nervous system (C70-
72), multiple myeloma (C90), leukemia (C91-95), and skin 
(C43), were ascertained for both groups in order to assess inci-
dence rates (IR) and hazard ratios (HR) of cancers. The rates are 
also calculated for the total number of all cancers in both 
groups. The mortality rates (MR) of both groups were also calcu-
lated to compare HRs of death in the subjects and the controls. 

Statistical analysis
Given the yearly number of registered and deceased patients 
with TS in South Korea from 2007 to 2017, newly registered 
patients with TS in each year were calculated as follows: the to-
tal number of patients with TS in a certain year were subtracted 
by the total number of patients with TS in the previous year, and 
then, the number of death of patients with TS in the corre-
sponding year were added. After wash-out of year 2006, annual 
IR of patients with TS from 2007 to 2017 were calculated based 
on these data. Age standardization across 10 year-intervals 
was conducted by adjusting prevalence and IR to the Korean 
population in the middle of year 2010 (direct method), provid-
ed by Statistics Korea. Prevalence in 2017 was subdivided across 
different age groups at 10-year intervals. As for cancer incidence 
and mortality, 1:3 age-matched controls (total n=4305) were 
selected randomly from the NHID in the period between 2007 
and 2017. IRs of cancer and MRs in both groups were calcu-
lated by dividing the incidence of cancer and death by the to-
tal follow-up period from 2007 to 2017, respectively. Multi-
variable Cox regression models were used to assess the HRs of 
cancer and death for both groups. 95% confidential intervals 
(CIs) for HRs are presented as means [mean -1.96 standard er-
ror (SE), mean +1.96 SE], and p values≤0.05 were considered 
statistically significant. All analyses were conducted using SAS 
software version 9.4 (SAS Institute, Cary, NC, USA). 

RESULTS

Population prevalence and incidence of TS in South 
Korea
The annual prevalence and incidence of TS in South Korea 
from 2007 to 2017 are presented in Table 1. The total number 
of cases was counted from the total female population in South 
Korea. Prevalence/incidence per 100000 persons and age stan-
dardization prevalence/incidence were also calculated. Preva-
lences per 100000 persons in 2007, 2008, 2009, 2010, 2011, 

National Health Insurance Service (NHIS) data. 2007–2016 
1506 patients

52 patients diagnosed with cancer 
before 2010 were excluded

19 patients with 1 year-lag* were 
excluded

1454 patients

Eligible 1435 patients included

Table 1. Prevalence and Incidence of Turner Syndrome in South Korea

Year Population
Total number of 

registered-cases
Prevalence per 
100000 persons

Age standardization* 
prevalence

Number of newly- 
registered cases

Incidence per 
100000 persons

Age standardization 
incidence

2007 24200931 1269 5.24 4.91 165 0.65 0.69
2008 24698959 1364 5.52 5.24 179 0.68 0.72
2009 24860650 1454 5.85 5.63 176 0.68 0.71
2010 25012543 1346 5.38 5.28 127 0.50 0.51
2011 25160402 1498 5.95 5.95 174 0.70 0.69
2012 25522008 1592 6.24 6.59 146 0.57 0.61
2013 25668348 1706 6.65 7.15 132 0.51 0.56
2014 25822173 1816 7.03 7.73 138 0.53 0.59
2015 25968809 1879 7.24 8.11 137 0.53 0.59
2016 26097935 1981 7.59 8.61 131 0.50 0.57
2017 26186952 2054 7.84 9.06 125 0.48 0.56

*Age standardization was conducted based on the Korean population for the middle of year 2010, provided by Statistics Korea.

Fig. 1. Flow diagram of study subjects for cancer incidence and mortality.
*Cancer occurrence or death in the first year of follow-up.
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2012, 2013, 2014, 2015, 2016, and 2017 were 5.24, 5.52, 5.85, 5.38, 
5.95, 6.24, 6.65, 7.03, 7.24, 7.59, and 7.84, respectively, showing 
an increasing trend each year. Incidences per 100000 persons 
in 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 
and 2017 were 0.65, 0.68, 0.68, 0.50, 0.70, 0.57, 0.51, 0.53, 0.53, 
0.50, and 0.48, respectively, maintaining a number around 0.5– 
0.7 per 100000 persons each year.

Prevalence and incidence distribution of TS across 
10-year interval age groups in 2017
Age distributions of TS in 2017 are presented in Table 2. Pa-
tients with TS in 2017 are grouped according to their age by 10-
year intervals from age under 10 to 50s. Prevalences of TS per 
100000 persons in 0- to 9-year-olds, 10- to 19-year-olds, 20- to 
29-year-olds, 30- to 39-year-olds, 40- to 49-year-olds, and 50 and 
over were 11.82, 23.17, 18.37, 10.49, 4.09, and 0.38, respectively. 
Overall, the prevalence of TS showed normal distribution; the 
highest prevalence was in teenagers and the second highest in 
20s. Most of the patients with TS were younger than 40. The 
prevalence per 100000 persons in age between 0 to 39 was 15.72, 
whereas the prevalence per 100000 in age 40 and over was 1.49. 
The incidence of TS per 100000 persons in 0- to 9-year-olds, 10- 

to 19-year-olds, 20- to 29-year-olds, 30- to 39-year-olds, 40- to 
49-year-olds, and 50 and over were 1.91, 1.75, 0.46, 0.27, 0.09, 
and 0.07, respectively. A total of 0.48 per 100000 persons were 
diagnosed with TS in 2017. Eighty percent of the incident cas-
es were found before age of 20, while less than 5 percent were 
diagnosed after 40.

Incidence of cancer in patients with TS compared 
with age-matched controls from 2007 to 2017
Twenty-four individual types of cancer (stomach, colorectal, liv-
er, pancreatic, lung, breast, cervical, thyroid, lymphoma, ovari-
an, oral, esophageal, biliary, laryngeal, corpus, renal, bladder, 
nervous system, multiple myeloma, leukemia, and skin) and 
cancers-in-total were analyzed in this study. The results of can-
cers-in-total, breast, ovarian, nerve, bladder, and thyroid can-
cer are presented in Table 3. The IRs of all types of cancer per 
1000 persons in the control and TS groups were 1.36 and 2.40, 
respectively. The adjusted HR of TS for all types of cancer was 
1.82 (95% CI 1.01–3.27, p=0.045), showing a difference when 
compared to the control group. No significant differences were 
found in breast and ovarian cancer. There were two cases of 
nerve cancer and one case of bladder cancer, but HRs were not 

Table 2. Prevalence and Incidence of Turner Syndrome Distribution Across 10-Year Age Groups in 2017

Age Population Total Number of cases Prevalence per 100000 persons Total number of incidence Incidence per 100000 persons
  0–9   2173716 257 11.82 43 1.91
10–19   2546817 590 23.17 46 1.75
20–29   3293140 605 18.37 15 0.46
30–39   3681152 386 10.49 10 0.27
40–49   4332041 177   4.09   4 0.09
50– 10160086   39   0.38   7 0.07

Table 3. HRs of Cancer in Patients with TS and Age-Matched Controls from 2007 to 2017

n Event
Duration 

(person-years)
IR 

(per 1000 persons)
HR (95% CI) 
unadjusted

p value
HR (95% CI) 
adjusted*

p value

All cancer Control 4305 31 22751.64 1.36 1 1
TS 1435 18   7504.22 2.40 1.76 (0.99–3.15) 0.056 1.82 (1.01–3.27) 0.045

Breast cancer Control 4305   8 22833.77 0.35 1 1
TS 1435   3   7563.84 0.40 1.13 (0.30–4.26) 0.855 1.24 (0.33–4.68) 0.749

Ovarian cancer Control 4305   1 22854.87 0.04 1 1
TS 1435   1   7570.24 0.13   3.01 (0.19–48.17) 0.435   2.91 (0.18–46.89) 0.452

Nerve cancer Control 4305   0 22833.77 0 1 1
TS 1435   2   7563.84 0.26 - - - -

Bladder Control 4305   0 22854.87 0 1 1
TS 1435   1   7570.24 0.13 - - - -

Thyroid cancer Control 4305   9 22815.68 0.39 1 1
TS 1435   8   7532.40 1.06 2.69 (1.04–6.97) 0.042 2.78 (1.06–7.26) 0.037

Thyroid cancer in 
  TS by age group

0–19 Control 2910   1 14782.95 0.07 1 1
TS   970   1   4917.03 0.20   3.01 (0.19–48.15) 0.436   3.09 (0.19–49.53) 0.424

20– Control 1395   8   8032.73 1.00 1 1
TS   465   7   2615.37 2.68 2.67 (0.97–7.37) 0.058 2.86 (1.03–8.08) 0.047

DM, diabetes mellitus; TS, Turner syndrome; IR, incidence rate; HR, hazard ratio; CI, confidence interval.
*Adjusted for residence, income, and DM.
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calculated because there was no corresponding case among the 
controls. Patients with TS exhibited a high risk of having thyroid 
cancer (adjusted HR=2.78, 95% CI 1.06–7.26, p=0.037). When 
subdivided by age, thyroid cancer risk in TS increased only in 
women aged over 20 years (adjusted HR=2.86, 95% CI 1.03–
8.08, p=0.047). 

Mortality of patients with TS compared with age-
matched controls from 2007 to 2017
There were 16 cases of death among 1435 patients with TS 
(Table 4). Three deaths occurred in patients with TS aged 0–19 
years for a MR (per 1000 persons) of 0.61. Three deaths occurred 
in patients with TS aged 20–39 years (MR=1.42). Ten deaths oc-
curred in patients with TS aged 40 years or older (MR=18.60). 
Similar to Table 3, adjustment and calculation were performed 
to assess HRs for death in patients with TS. The HR for death in 
the TS group was 3.36 (95% CI 1.59–7.10, p=0.002), demonstrat-
ing that the patients with TS had a higher risk of death than the 
control group. The risk was found to be higher in those over 40 
years for an HR of 6.51 (95% CI 2.19–19.32, p<0.001). Mortality 
in those under 20, however, showed no statistical difference 
from the control group (adjusted HR=3.07, 95% CI 0.62–15.21, 
p= 0.169).

DISCUSSION

The prevalence of TS per 100000 persons in South Korea in-
creased from 5.24 in 2007 to 7.84 in 2017. At the same time, the 
IRs of TS per 100000 populations were 0.65 and 0.48, respec-
tively. Prevalence distribution of TS across 10-year interval age 
groups in 2017 showed a peak prevalence in teenage years, 
and it started to decrease after 20s. As for cancers, there was 
high risk of having thyroid cancer in patients with TS. Mortali-
ty was significantly high in patients with TS after the age of 40. 

The epidemiology of TS has been thoroughly investigated in 
Europe and America. In Denmark, TS population prevalence 
was 59 per 100000 newborn females in 2014.13 In Sweden, TS 
population prevalence was 30 per 100000 females as estimated 

crudely by a study investigating TS-associated cancer risk.29 
Among the British population, a crude prevalence estimate of 
17 patients with TS per 100000 females was reported based on 
a population-based study of cancer incidence.30 In another Brit-
ish study reported in 2017, single nucleotide polymorphism 
array data from the UK Biobank were analyzed. The corre-
sponding TS prevalence was 88 per 100000 females, the highest 
prevalence among TS epidemiology studies.31 45,X/46,XX 
mosaicism presumably accounted for this result, and the sta-
tistical reliability of the data was limited due to lack of “healthy 
volunteers.” In the United States, the National Organization of 
Rare Disease estimated that more than 70000 women and girls 
have TS, approximately 21 cases per 100000 females.32 As far as 
we know, there have been no recent studies on the national 
prevalence of TS in Asia. A study of prevalence of TS in several 
regions of China was recently conducted in 2018, and various 
prevalences ranging from 25 to 210 per 100000 females were 
reported.33 Overall, the prevalence of TS in South Korea was 
considerably lower than that of Europe and the United States. 
While it is difficult to explain this discrepancy with one clear 
reason, one presumable reason may be the absence of a nation-
al screening system for TS. This may lead to lower participation 
of parents in screening suspected children.

Although the prevalence of TS in South Korea was compar-
atively lower than that in other studies on TS prevalence, the 
prevalence trend with age coincides with epidemiologic stud-
ies conducted in Europe and the United States. A Danish na-
tional cohort study published in 2019 reported that the medi-
an age for diagnosis of TS was 15.1 (range: 0.0–85.4) and that 
the prevalence of TS was highest in teenagers.13 A study con-
ducted at a single center in the United Kingdom reported that 
half of patients with TS were diagnosed after the age of 5 years.34 
Delayed diagnosis of TS with an average age of 12.8 years was 
observed in a study in the United States.35 Delayed diagnosis of 
TS in South Korea was evident in our study. As seen in the inci-
dence trend of patients with TS in 2017, 43 patients were newly 
diagnosed before 10 years, and 46 patients were newly diag-
nosed as teenagers. Nearly 30% (36 patients) of the total num-
ber were diagnosed after an age of 20 years. Furthermore, al-

Table 4. HRs of Death in Patients with TS and Age-Matched Controls from 2007 to 2017

n Event
Duration 

(person-years)
MR 

(per 1000 persons)
HR (95% CI) 
unadjusted

p value
HR (95% CI) 
adjusted*

p value

All cause of death Control 4305 13 22855.52   0.57 1 1
TS 1435 16   7571.16   2.11 3.72 (1.79–7.73) <0.001 3.36 (1.59–7.10)   0.002

Death in TS by age
	

0–19 Control 2910   3 14786.09   0.20 1 1
TS   970   3   4917.83   0.61   3.01 (0.61–14.89) 0.178   3.07 (0.62–15.21)   0.169

20–39 Control 1074   5   6372.98   0.78 1 1
TS   358   3   2115.72   1.42 1.81 (0.43–7.59) 0.415 0.36 (0.05–2.63)   0.312

≥40 Control   321   5   1696.45   2.95 1 1
TS   107 10     537.61 18.60   6.33 (2.16–18.52) <0.001   6.51 (2.19–19.32) <0.001

DM, diabetes mellitus; TS, Turner syndrome; MR, mortality rate; HR, hazard ratio; CI, confidence interval.
*Adjusted for residence, income, and DM.
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though not included in Table 2, the same data for years 2015 and 
2016 were 37% and 25%, respectively. The falling prevalence 
trend for TS in those 30 years or older can possibly be explained 
by relatively fewer cases of newly diagnosed TS after an age of 
30 years. Although the annual prevalence of TS is increasing, 
most newly diagnosed cases of TS are younger than 30, and this 
implies that many patients with TS over 30 years live undiag-
nosed. The prevalence was less than 1 per 100000 persons (0.38) 
in those 50 years and over, probably owing to short life expec-
tancy of patients with TS. TS has a life expectancy that is reduced 
by up to 13 years and shows a three-fold increase in overall mor-
tality.13,14 In this study, the HR for mortality in patients with TS 
was 3.42, consistent with ratios in the aforementioned studies. 
Since this study was based on data from the NHIS, the detailed 
causes of death in patients with TS are absent, which should 
be clarified to find major cause of increased mortality. We pre-
sume possible causes for the increased mortality, as discussed 
earlier, would be heart diseases, and a study in Korea suggested 
the possibility of impaired vascular function of aorta in teenage 
TS.36 The TS-associated mortality HR in those 40 years and over 
was 6.51, more than double that of patients under 20 (3.07). 
This discrepancy supplements the explanation for the dramat-
ic fall in TS prevalence in those 40 years and over, with a re-
markable decrease in those 50 years and over. Accordingly, 
medical management of TS needs to be focused on decreas-
ing the MR, especially in those 20 years and older. Modes of 
surveillance to manage patients with TS should be envisioned 
with succeeding comprehensive medical care for their co-
morbidities.

Regarding TS comorbidity, this study showed an increased 
risk of cancer occurrence in patients with TS, compared to the 
control group (Table 3). Among different types of cancer, risk 
of thyroid cancer occurrence was notably high in this study, 
suggesting a positive correlation between thyroid cancer and 
TS. Many previous studies have discussed TS-associated can-
cer risk, and the issue of whether TS increases risk of cancer is 
still controversial. A British national cohort study of 4909 wom-
en with TS reported an insignificant association between can-
cer risk and TS, inconsistent with the results reported in this 
study.30 The British study reported an increased risk of specific 
tumors, such as brain or urogenital tumors, but only one case 
of thyroid cancer was reported among 73 malignancy cases in 
TS. An Italian study that surveyed the prevalence of different 
types of neoplasia in TS reported an increased risk of skin neo-
plasm/cancer, CNS tumor, while thyroid cancer occurred in 
only one of 87 women with TS.37 Consistently, two other Euro-
pean studies reported correlation of TS with skin neoplasm and 
brain tumor.38,39 The main reason for the notably high incidence 
of thyroid cancer among individuals with TS in South Korea 
would be the high incidence of thyroid cancer among all Ko-
rean women, regardless of having TS. With readily available 
thyroid screening, the incidence of thyroid cancer in Korean 
women in 2010 was 111.3 per 100000 persons, 10-fold higher 

than the average global IR.40 To our knowledge, there is no oth-
er Asian study that has reported IRs for cancer in TS. Future 
studies of this may provide some clues on racial differences in 
TS. In addition, another possible explanation for the increased 
thyroid cancer risk observed in this study may be the predispo-
sition of patients with TS to autoimmune diseases of the thy-
roid. Haploinsufficiency of X chromosome in TS may be confer 
susceptibility to autoimmune diseases.41 Although the exact 
mechanism remains unclear, autoimmunity involving the thy-
roid gland has been suggested as a cause of thyroid cancer in 
previous studies.42-44 Most of the thyroid cancer cases in this 
study were diagnosed after 20 years, which coincides with the 
age distribution of thyroid cancer in the general population of 
South Korea. There is also a concern for ovarian gonadoblas-
toma in TS with Y chromosome, either overt or cryptic. A Ko-
rean study conducted in 2017 revealed that 12.9% (16/124) of 
patients with TS had Y chromosomes on karyotyping or Y chro-
mosome material on polymerase chain reaction, and 18.8% 
(3/16) of them were diagnosed with gonadoblastoma.45 Since 
this study was based on registry data under certain diagnostic 
codes, the exact proportion of patients with TS with Y chromo-
some material was not found. Therefore, the study could not 
provide data on the risk of gonadoblastoma in patients with TS. 

This study investigated the epidemiology of TS from 2007 to 
2017 based on the NHIS and the RDR, national registries that 
reflect nearly 100% of the entire female population in South 
Korea. A long period of follow-up with a maximum of 10 years 
was covered in this research, and this may be representative of 
national status. In addition, to the best of our knowledge, this 
study is the largest study of TS epidemiology conducted in Asia. 
Other large-scaled Asian studies on TS epidemiology are neces-
sary to elucidate definite epidemiological properties among 
Asians. Further studies might suggest ethnic differences in TS 
that were previously obscure. In conclusion, this study presents 
the national prevalence of TS for Korea and a substantially in-
creased risk of TS-associated thyroid cancer and mortality, the 
reason for which should be clarified through further studies.
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