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in South Korea: An Analysis of Medical Expenditure
Through the National Healthcare System
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lence rates, and longitudinal medical expenditure changes were assessed.
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1.9-12.1 per 100,000 in Caucasians.' However, the exact inci-
dence and prevalence of HD in South Korea remain unclear.

The first diagnosis of HD in South Korea was reported in
1988,° and a genetic test was officially introduced in 1996.”
The National Health Insurance System (NHIS) has covered
gene tests for HD since August 2005. In July 2009, the South
Korean government launched a support system within the
NHIS for rare incurable diseases (RIDs), which provides a
reduced coinsurance rate for medical expenses. Patients with
HD in South Korea are entitled to receive support for an RID
via electronic data interchange in medical institutions when
their diagnosis is confirmed.®

Investigations of epidemiology in South Korea have been re-
stricted by the initial RID registry being very small,*® and there
has been no study of the medical burden on South Korean pa-
tients with HD. Despite the complete penetrance through fam-
ily members by a single gene, and the progressive nature of
the disease course, explorations of patients with HD have been
challenging due to a lack of further systematic support. We
therefore designed this study to identify the updated epidemi-
ology of HD in South Korea over the last 10 years using the
now well-established NHIS database linked with the RID sup-
port system. We also investigated the burdens for each patient
by tracing the 10-year medical expenditure.

METHODS

Data source and study population

The NHIS provides healthcare coverage to the entire popu-
lation of South Korea, and the Health Insurance and Review
Assessment Service (HIRA) data is a repository of claims in the
NHIS to reimburse healthcare providers.'” HIRA data are
generated from inpatient and outpatient visits to healthcare
institutions, including patient data on demographics, diag-
noses, and all medical use except for the uncovered services.

Definition of patients and variables

This study analyzed data during 2010-2019 obtained from
the HIRA. We identified newly diagnosed patients by defin-
ing new registrants under diagnostic code G10 of the Interna-
tional Classification of Disease (10th revision) accompanied
by RID registration, which indicated diagnostic confirmation.
We applied a washout period of 2 years (during 2008 and
2009) to exclude previously enrolled patients. We collected
data on age, sex, age at diagnosis, and medical expenditure
for every subject. We also obtained data for comorbidities such
as hypertension (codes 110-13), diabetes mellitus (E10-14),
dyslipidemia (E78), chronic kidney disease (N18-19), and
dementia (FO0-03, FO6, G30-31, and R418). To determine the
pattern of the use of medical services, we collected the num-
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ber of times that patients with HD visited different categories
of institutions, including inpatient and outpatient clinics. To
calculate the total medical expenditure of patients with HD,
we collected information on all medical services used that
were covered by the NIHS. The Institutional Review Board
at the Seoul Metropolitan Government-Seoul National Uni-
versity Boramae Medical Center approved this study (IRB
No. 07-2020-297). The need to obtain written informed con-
sent was waived because the HIRA only provides anonymized
data to researchers due to strict confidentiality guidelines.

Analysis of outcome measures

We first estimated the annual incidence and 10-year preva-
lence of HD during 2010-2019. The South Korean popula-
tion data in the same period were obtained from the KOrean
Statistical Information Service (http://kosis.kr/). The distri-
bution of the age at diagnosis was also analyzed.

We then assessed the medical expenditure throughout the
10-year period and for each disease year. To calculate the
annual medical expenditure of an individual, claim data for
the use of all covered medical services were collected. We clas-
sified the patients into age groups (10-year intervals) to ana-
lyze the trend of medical expenditure by age. Finally, we traced
the individual annual expenditure until 2019 to analyze the
difference according to the disease duration.

We finally classified medical institutions into five catego-
ries: tertiary referral hospitals, general hospitals, primary hos-
pitals, clinics, and long-term-care hospitals. We then calculat-
ed the number of patients during the study period. Finally,
the prevalence of nonneurological comorbidity was deter-
mined. All statistical analyses were conducted using Stata (ver-
sion 15; StataCorp LP, College Station, TX, USA) and SAS (ver-
sion 9.3; SAS Institute, Cary, NC, USA) with the significance
level set at p<0.05.

RESULTS

Incidence and 10-year prevalence of HD in South
Korea

The annual number of HD cases in South Korea was 152.10+
16.37 (mean+SD, range=139-473), and the incidence rate
was 0.29+0.32 (range=0.28-0.34) per 100,000 persons. Table
1 lists the annual incidence, cumulative incidence, and num-
ber of patients with HD who used medical services at least
once during each year. Based on the cumulative incidence over
10 years, we estimated the 10-year prevalence to be 2.22 per
100,000 persons considering the expected mortality of 25%
over 10 years according to the survival data of patients with
HD in South Korea."' Notably, the follow-up rate after diag-
nosis seemed to be low despite the survival data suggesting
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Table 1. Number of newly registered HD cases in South Korea during 2010-2019

Number of newly Cumulative Number of patients with  Estimated annual Estimated cumulative
Year Total population registered patients  number of new  HD who used medical incidence incidence
with HD HD cases service in each year (/100,000 persons) (/100,000 persons)
2010 50,515,666 144 144 144 0.29 0.29
2011 50,734,284 173 317 210 0.34 0.63
2012 50,948,272 168 485 230 0.33 0.95
2013 51,141,463 166 651 257 0.32 1.28
2014 51,327 916 150 801 281 0.29 1.57
2015 51,529,338 119 920 284 0.23 1.80
2016 51,696,216 139 1,059 328 0.27 2.07
2017 51,778,544 159 1,218 385 0.31 2.38
2018 51,826,059 143 1,361 414 0.28 2.65
2019 51,849,861 160 1,521 453 0.31 2.96

The total South Korean population was derived from resident registration data (in December of each year). Estimated annual incidence in each
year=(new HD registration cases)/10°x(total South Korean population in each year). Estimated annual cumulative incidence from the beginning to the
corresponding year=(total number of new cases during the study period)/10°x (average total South Korean population). HD, Huntington's disease.
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Fig. 1. Distribution of age at diagnosis of HD in South Korea. The peak age range at diagnosis was 50-59 years, followed by 60-69 years. HD, Hun-

tington's disease.

that many were alive. For example, only 453 patients used
medical services in 2019, which was 39.7% of the cumulative
number of newly diagnosed patients with HD since 2010.
The distribution of age at diagnosis in HD is depicted in
Fig. 1. The peak age range at diagnosis was 50-59 years old,
with 355 cases (23.3%), followed by 60-69 years with 289
(19.0%). The incidence rates were similar in those aged 40-49
and 70-79 years, at 239 (15.7%) and 234 (15.4%), respectively.

Use of medical services and expenditure of patients
with HD in South Korea

The annual number of medical institution visits by all patients
with HD was 2524.9+519.3. This number increased 1.83-fold
from 1,805 visits in 2010 to 3,302 in 2019. Tertiary and second-

ary general hospitals were the most frequently visited medi-
cal institutions (56.4% in 2019), for which the proportion had
increased from 37.1% in 2011. Use of long-term-care hospi-
tals also increased from 18.3% in 2011 to 32.2% in 2019, dur-
ing which the proportion of clinic or public health center use
decreased from 44.6% to 11.4% (Supplementary Table 1 and
Supplementary Fig. 1 in the online-only Data Supplement).
Tetrabenazine, a selective central monoamine-depleting agent,
was the only drug approved in South Korea to treat hyperki-
netic movement disorders in HD.'* Tetrabenazine was pre-
scribed to 133 (8.7%) of 1521 patients over the 10-year analy-
sis period, with 99 cases in tertiary and secondary general
hospitals, 22 in specialized clinics, and 12 in long-term-care
hospitals.
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When we estimated the medical expenditure for an indi-
vidual with HD, the mean yearly cost was KRW 6,569,341+
895,097 per patient (USD 5,737, based on the average ex-
change rate in 2021 of KRW 1,145=USD 1). The mean annual
medical expenditure for an individual ranged from KRW
4,254,256 (USD 3,715) to KRW 7,364,993 (USD 6,432) during
the years of follow-up for the disease (Table 2 and Fig. 2A).
Among age groups, the highest medical expenditure was ob-
served in those aged 70-79 years, followed by those 80 years
or older (Fig. 2B). Tracking the yearly medical expenditure of
every individual after diagnosis revealed that this remained
similar for the first 9 years after diagnosis and had a decreasing
tendency after that. The persistent medical expenditure dur-
ing the follow-up years was unchanged through all age groups
(Supplementary Fig. 2 in the online-only Data Supplement)
except in those aged >80 years.

In those aged >70 years, the medical expenditure was sig-
nificantly decreased at years 10 and 6 of follow-up compared
with the baseline (Supplementary Fig. 2F and G in the on-
line-only Data Supplement; p=0.017 and 0.017, respectively).
Regarding the yearly expenditure by disease duration, there
was a significant difference among the age groups (p<0.001
during years 1-9, p=0.033 at year 10). The medical expendi-
ture was highest for those aged 70-79 years and lowest for
those younger than 30 years. Both those aged 30-39 and 40-
49 years had lower medical expenses than those aged 250
years (Table 2).

Comorbidities of patients with HD in South Korea

This study also investigated the frequency of dementia and
four nonneurological comorbidities between age groups of
patients with HD, which may increase the overall medical
burden for each patient. Dementia is a significant neurological
symptom in HD, and is the most common reason for pa-
tients to lose the ability to independently perform activities of
daily living and be admitted to a long-term-care hospital or
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nursing home. The prevalence of dementia in the total popu-
lation with HD in South Korea was 37.5%, compared with
7.2% in the general elderly population in South Korea (age
>60 years) according to a report of the National Institute of
Dementia in 2019 (www.nid.or.kr). The frequency of demen-
tia in HD increased further in older patients (Fig. 3).
Among the four nonneurological comorbidities, dyslipid-
emia was the most frequent (47.5%) in patients with HD, fol-
lowed by hypertension (45.3%) and diabetes mellitus (32.1%),
with chronic kidney disease found in only 4.0% of patients
(Table 3). Table 3 lists the comorbidity prevalence summary
for each age group of patients with HD compared with the data
in the corresponding age group of the general population.
The comorbidity data of the general South Korean popula-
tion were obtained from the Korea Health Statistics 2019: the
Korea National Health and Nutrition Examination Survey
VII-1 (https://knhanes.kdca.go.kr/). Table 3 indicates that
compared with the general population, patients with HD had
higher prevalence rates of hypertension, diabetes, and dyslip-
idemia, and a lower prevalence of chronic kidney disease.

DISCUSSION

This study had revealed the updated incidence and preva-
lence of HD in South Korea using the well-established NHIS
database that encompasses the entire South Korean popula-
tion. Furthermore, this was the first study to estimate the
use of medical services and expenditure of patients with
HD in South Korea.

During 2010-2019, 1,521 new HD cases were identified in
South Korea. The annual incidence estimated from this data
was 0.28-0.34 per 100,000 persons. The incidence of HD in
South Korea was higher than the data reported for mainland
China (0.046)’ and Taiwan (0.1, range=0.05-0.16).* The inci-
dence (per 100,000 persons) seemed to be lower than in coun-
tries with high proportions of Caucasians: 0.8 in the United

10
= 89
o
=
S 67
=
= 4
=
oc
4 2 4
O T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10
Disease duration (years)
A

B

10
= 8+
o
E
S 61
=
= 44
=
o
N4 2,
O T T T T T T T 1
<30 30-39  40-49 50-59 60-69  70-79 >80
Age (years)

Fig. 2. Medical expenditure of an individual according to disease duration and age at diagnosis. A: Average total medical expenses per patient by
disease duration. B: Average medical expenses of an individual patient with Huntington's disease in each age group.
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Fig. 3. Dementia and age distribution of patients with HD. The data show the frequency (number) of dementia cases in each age group of patients
with HD. HD, Huntington's disease.

Table 3. Common comorbidities and age distribution in patients with HD

Age group (years)

Population Total case
<30 30-39 40-49 50-59 60-69 270
Hypertension
Patients with HD 690 (45.3) 12 (6.8) 22(16.8) 51(21.3) 148 (41.7) 189 (65.4) 268 (81)

General population - - 9.5 19.0 323 515 67.2
Diabetes mellitus

Patients with HD 488 (32.1) 12 (6.8) 15 (11.5) 43 (18) 112 (31.5) 124 (42.9) 182 (55)

General population - - 2.7 8.1 14.4 24.4 31.0
Dyslipidemia

Patients with HD 722 (47.5) 22 (12.5) 31(23.7) 87 (36.4) 190 (53.5) 186 (64.4) 206 (62.2)

General population - - 10.0 16.4 31.2 428 35.1
CKD

Patients with HD 61 (4.0) 1(0.6) 0(0) 2(0.8) 8(23) 17 (5.9) 33 (10)

General population - - 4.1 5.0 8.7 16.5 308

The case of patient with HD corresponds to this study, and the case of the general population was based on the KNHANES study. Data are n (%) values

for each comorbidity.

CKD, chronic kidney disease; HD, Huntington's disease; KNHANES, Korea National Health and Nutrition Examination Survey.

Kingdom," 0.47 in Spain," 0.69 in Canada,” and 0.65 in Aus-
tralia.'s

The current study estimated the prevalence of HD in South
Korea to be 2.22 per 100,000 persons. This was higher than a
previous preliminary report® and also higher than the aver-
aged prevalence of 0.40 per 100,000 (95% confidence interval
[CI]=0.26-0.61) in a meta-analysis of studies from Asia.' The
reported prevalence rates of HD in countries with high pro-
portions of Caucasians were 10.6 in Ireland,"” 6.29 in Austra-
lia,' 5.66 in the United Kingdom," and 1.87 in Italy" (per
100,000 persons). The pooled prevalence among North Amer-
ica, Europe, and Australia was 5.70 (95% CI=4.42-7.35), and
ranged from 1.56 to 12.08 per 100,000 persons.' Studies from
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Latin America indicated wide ranges of 4/100,000 in Mexico
city* and 0.5/100,000 in Venezuela.*® Considering the inci-
dence of 0.28-0.34/100,000 and the survival of South Korean
patients with HD not differing much from those in Western
countries," the prevalence rates found in previous studies
from Asia seem to have been underestimated. Our data have
therefore revealed that the actual prevalence of HD in South
Korea might be tenfold higher than previously thought. This
updated epidemiological information should be considered
in future HD-related clinical trials.

As presented in Table 1, there was a large difference between
the cumulative number of newly registered patients with HD
and the number of patients with HD who used medical ser-



vices each year. Although a 25% mortality rate over 10 years
was considered," only up to 40% of patients with HD visited
medical institutions after their diagnosis. This suggests that
physicians did not regularly manage a considerable propor-
tion of the patients with HD in South Korea. The number of
patients with HD who used medical services each year there-
fore cannot represent the actual prevalence of HD, and the
prevalence found in the previous study® might have been un-
derestimated because it only considered data from those who
used medical services. Furthermore, asymptomatic family
members of patients with HD with the gene mutation were
not considered because they did not use medical services.
The same issue should be considered in the studies from Chi-
na, Taiwan, or Japan if the analyzed databases resulted in only
patients who visited medical institutions being considered.

The current study also found that HD diagnosis peaked at
50-59 years old and late-onset cases (in those aged =60 years)
accounted for 40.1% of the total HD incidence in South Ko-
rea. On the other hand, in the United States the peak age range
at onset was 40-49 years, and the Enroll-HD database indi-
cated that late-onset cases comprised 512 out of 4,469 patients
(11%).? Although this discrepancy might be related to a dif-
ference between the age at symptom onset (Enroll-HD study)
and that at diagnosis (this study), we must also consider the
following aspects to explain it. There might be diagnostic delay
in South Korean patients with HD because behavioral symp-
toms can be the initial manifestations of HD, but they might
be overlooked in the absence of movement disorders. This is
intriguing because late-onset cases have been found to less fre-
quently have behavioral symptoms as the initial manifestations
according to a largest cohort data.”? Further studies are need-
ed to clarify this issue by prospectively investigating the pattern
of clinical manifestation in South Korean patients with HD.
Another issue was that the high frequency of late-onset cases
might have been related to a genetic feature of HD in South
Koreans, although this is yet to be identified. Similar to our
data, Taiwanese data suggests that the peak age at onset was
also 50-59 years.* Age at onset is related to the distribution
of (CAG)n in the population, and the later age at onset in East
Asia might therefore be related to the relatively stable (CAG)n
in this population. Some studies have suggested that CCG in-
terruption of the HTT might affect (CAG)n stability. The
CCG7 polymorphism was shown to be associated with CAG
allele expansion in Caucasians,” and CCG10 has been shown
to be associated with this expansion in Japan.** There has
been no clear association between CAG instability and CCG
polymorphism in the Chinese population.” Further research
is therefore needed to reveal the genetic difference poten-
tially related to the low prevalence of HD in East Asia.

The use of medical services of patients with HD increased
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1.83-fold from 2010 to 2019. The use of medical services also
increased 2.5-fold in tertiary and secondary general hospitals
from 2010 to 2019. The increase in the use of higher level hos-
pitals might be attributable to the following factors: first, a
better knowledge and awareness of HD among physicians,
complemented by the availability of gene testing in those hos-
pitals where HD diagnosis can be performed, particularly in
older patients and those with no known family history of
HD.*® Second, it is possible that physicians have become
more educated about HD diagnosis and so refer suspicious
cases to higher-level medical institutions for genetic confir-
mation.

During the 10-year follow-up period, tetrabenazine was used
in only 8.7% of patients, and 74.0% of prescriptions were from
tertiary or general hospitals. Tetrabenazine was used in 18.5%
of patients with HD in a German study.”” In order to present
the status of accessibility to HD treatment in South Korea, we
analyzed the frequency of tetrabenazine prescription as it
had been designated as an orphan drug in South Korea, al-
though it was the only one approved for use in the manage-
ment of Huntington chorea in South Korea. We demonstrated
that tetrabenazine usage in South Korea was still uncommon
and had been confined to tertiary or general hospitals. We
expect that the proportion of prescriptions could increase
slightly in the future with the increasing trend of tertiary or
secondary general hospital use by patients with HD in South
Korea. It is notable that a deuterated isomer of tetrabenazine
is unavailable in South Korea, despite being approved in
2017.

HD treatment in South Korea is almost exclusively applied
to symptomatic patients, but the overall medical cost was un-
expectedly high. The persistent medical expenditure during
the follow-up years was unchanged through all age groups
(Supplementary Fig. 2A-E in the online-only Data Supple-
ment) except in those aged >80 years. Patients with HD might
need continuous medical support during the disease course.
In those aged 70 years and older, the medical expenditure was
decreased at years 10 and 6 of follow-up, which was possibly
biased due to the small number of patients in these old age
groups who survived.

We also investigated comorbidity patterns in South Korean
patients with HD by analyzing the frequencies of hyperten-
sion, diabetes, dyslipidemia, and chronic kidney disease. The
prevalence of diabetes is known to be high in patients with
HD,*®* and we also found that the prevalence of diabetes in
South Korean patients with HD was higher than that of the
general population. Oxidative stress might play an important
role in the high frequency of diabetes in HD. Oxidative stress
increases phosphorylation of the insulin receptor and the in-
sulin receptor substrate (IRS), which disturb insulin action,**'
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and IRS2 signaling has a role in the maintenance of pancreatic
B-cell function.” In a study of an R6/2 mouse model to express
exon 1 of the human mutant HTT, an increase in neuronal ox-
idative stress and aggravation of mitochondrial dysfunction in
the brain were observed alongside elevated IRS2.** Hyperten-
sion can increase the disease burden in neurodegenerative
disease,* and heart disease has been reported to be the second
most common cause of death in HD.” Recent studies found
higher cardiovascular risk and target organ damage even in
individuals with premanifestation HD, emphasizing the im-
portance of blood pressure control in patients with HD.***
However, only a few studies have investigated the cardiovascu-
lar burden of HD. We found that the development of hyper-
tension, diabetes, and dyslipidemia was more common in pa-
tients with HD in South Korea than in the general population,
which could adversely affect the overall disease burden in these
patients. Optimal management of these common comorbidi-
ties would help to improve their health and reduce the medi-
cal burden of patients with HD.

For a patient with dementia in community-based long-term
care in South Korea, the mean annual cost was about KRW
21,400,000 (USD 17,859, based on the exchange rate of KRW
1197=USD 1), and the annual direct and indirect costs per
patient were about KRW 7,900,000 (USD 6,571) and KRW
13,500,000 (USD 11,288), respectively.”® Since the current
study included the total cost for patients with HD who used
medical institutions, our data only reflect the direct cost cov-
ered by the NHIS. Even though we did not cover uninsured
costs, the medical cost of patients with HD seemed to be higher
than that of patients with dementia. Furthermore, the high
prevalence of dementia in patients with HD might also con-
tribute to the medical expenditure. The proportion of demen-
tia in patients with HD was higher than 50% in older groups
(<70 years old), which might also contribute to the relatively
high medical expenditure in these patients.

Furthermore, HD is an autosomal dominant disorder with
typical anticipation through generations. Children of patients
with HD tend to have worse outcomes when they must active-
ly engage in economic activities because onset occurs earlier
and more severely than in their parents. That situation is dif-
ferent from other degenerative diseases in which older patients
tend to be cared for by their offspring. The health status there-
fore might not be efficiently controlled early in the course of
HD, which could have contributed to the overall increase in
medical expenditure.

There were several limitations in this study. The HIRA claim
data did not include data for services such as over-the-counter
drugs, or procedures that were not covered by the insurance.
The use of medical services or the associated expenditure may
therefore have been underestimated in this study. The NHIS
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is censured by death or other reasons, but we could not iden-
tify the specific number or causes of deaths from the HIRA
data alone. We tried to improve the accuracy of epidemiolo-
gy data by capturing the G10 code and the RID registration
during the 10-year study period, which were closer to real-
world data than previous studies. However, this study was
based on claim data, and we therefore might not have de-
tected patients with HD who were not diagnosed or asymp-
tomatic patients who did not visit medical institutions. As a
result, the estimated prevalence of HD in this study could
have been underestimated. Furthermore, the medical expen-
diture analysis that used HIRA data only included the medi-
cal practices and prescriptions claimed by medical institu-
tions. We therefore could not analyze data for the indirect
costs such as expenses of the caregivers employment or sec-
ondary losses caused by family member and patients them-
selves due to the illness and care.

Notwithstanding these limitations, the HIRA contains com-
prehensive information relating to medical services such as
treatment, medication, and procedures that covers 98% of
the South Korean population.

In conclusion, this study has performed the first compre-
hensive analysis of the epidemiology and economic burden
of patients with HD in South Korea. The prevalence of HD
in South Korea was found to be about 2.22 per 100,000 per-
sons, and medical expenditure was higher in patients with
HD than in those with dementia. The current results could
serve as a starting point for further research investment in
HD in South Korea, which will ultimately improve the
health of affected patients.
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