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Objective : To analyze trends in the incidence and treatment of diseases associated with ischemic stroke, namely, cerebral 
infarction (CI), cerebral arterial stenosis (CASTN), and moyamoya disease (MMD), based on Korean National Health Insurance Service 
(NHIS) data from 2008 to 2016.
Methods : Data was extracted from the national health-claim database provided by the NHIS for 2008–2016 using International 
Classification of Diseases codes. The crude and age-standardized incidences of each disease (CI, CASTN without a history of CI, and MMD) 
were calculated; additional analyses were conducted according to age and sex. Trends in the number of patients undergoing treatment 
according to treatment method were analyzed for each disease using the Korean Classification of Diseases procedure codes.
Results : In 2016, the total number of adults with newly diagnosed CI was 83939, reflecting a 9.4% decrease from that in 2008. The age-
standardized incidence of CI in adults was 153.2 per 100000 person-years in 2016, reflecting a 37.2% decrease from that in 2008, while that 
of CASTN was 167.3 per 100000 person-years in 2016, reflecting a 73.3% increase from that in 2008. Among treated cases, the number of 
patients who underwent intra-arterial (IA) treatment, including IA fibrinolysis and mechanical thrombectomy, showed the most prominent 
increase, increasing at an annual rate of 25.8%. For CASTN, the number of cases treated with carotid artery stenting or balloon angioplasty 
(CAS) showed the most prominent increase, increasing at a rate of 69.8% over the 9-year period. For MMD, the total number of patients 
with newly diagnosed MMD and that with adult MMD demonstrated significantly increasing trends, while the number of pediatric patients 
with newly diagnosed MMD declined by 18.0% over the 9-year period. The age-standardized incidences of pediatric and adult MMD in 
2016 were 2.4 and 3.4 per 100000 person-years, respectively.
Conclusion : Although the incidence of CI showed a declining trend over a 9-year period, the number and proportion of patients treated 
for CI increased. Meanwhile, the incidence of CASTN and the number of patients treated for CASTN have demonstrated increasing trends 
since 2008. On the other hand, the number of patients diagnosed with pediatric MMD decreased, despite no significant change in the 
incidence. In contrast, the number of patients and the incidence of adult MMD increased. These trends reflect changes in the population 
structure, gains in the accessibility of imaging examinations, and the development of endovascular techniques.
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INTRODUCTION

Stroke, the third most common cause of death worldwide, 

is rapidly emerging as a global health problem, and will be of 

even greater importance in the future due to ongoing demo-

graphic changes, such as the ageing of the population14,24,38). 

Additionally, the greatest burden of stroke continues to reside 

in developing countries, despite decreased stroke-related mor-

tality rates in developed countries10,35). Ischemic stroke (IS) ac-

counts for a large proportion (76.4% to 64.9%) of all stroke 

cases4,18,20,23,24), and underlies an increasing trend in the abso-

lute number of disability-adjusted life-years since 199010). Ce-

rebral arterial stenosis (CASTN) and moyamoya disease 

(MMD) are important causes of IS, especially in Asian popu-

lations3,6,11,22,33,40). Moreover, the risk of stroke in patients with 

CASTN remains high, even with medical therapy using anti-

platelets or anticoagulants7).

Although nationwide studies on the epidemiology of 

IS4,18,20,23,24,26) and MMD3,6,22,25,28,33) have been reported, there 

are no recent nationwide studies on CASTN. Furthermore, no 

large-scale study has analyzed trends in the associated treat-

ment methods. The National Health Insurance Service (NHIS) 

in Korea is a nationwide insurance system covering 97% of 

the Korean population. NHIS data are based on insurance 

claims sent from healthcare institutions; details of the infor-

mation stored in the NHIS database have been previously de-

scribed29,34). As Korean NHIS data covers a single-ethnicity 

population of 50 million people, it represents the largest popu-

lation in epidemiologic studies. Furthermore, the Internation-

al Classification of Diseases (ICD)-10–based definitions in 

Korea for cerebrovascular diseases (CVD) have been validated 

in a previous study36). Thus, Korean NHIS data provide an ad-

vantage in studying the epidemiology of CVD.

Therefore, the present study utilized Korean NHIS data to 

analyze trends in the incidence and treatment of CVD associ-

ated with IS (namely, cerebral infarction [CI], CASTN, and 

MMD) from 2008 to 2016 in Korea.

MATERIALS AND METHODS

Data extraction
Data were extracted from the national health-claim data-

base provided by the NHIS for 2005–2016. We selected all pa-

tients newly diagnosed with CI, CASTN, or MMD (ICD-10 

codes of I63, I65 or I66, and V128, respectively). Patients diag-

nosed with CI, CASTN, or MMD during the preceding 3 

years at any clinic or hospital were excluded to reduce preva-

lent cases. Therefore, 2008 was used as the index year, and 

thus, the total observation period of the reconstructed cohort 

was from January 2008 to December 2016. Furthermore, we 

restricted the data extraction to tertiary referral general hospi-

tals (TRGHs), general hospitals (GHs), semi-hospitals, and 

primary medical institutions, as such institutions can obtain a 

precise diagnosis. Other medical institutions where medical 

information was not clear were excluded. This study was ap-

proved by Institutional Review Board at Seoul National Uni-

versity Bundang Hospital (X-1703-388-909), which waived in-

formed consent.

Additionally, to avoid overestimation of the population and 

to include only newly incident cases, data extraction was re-

stricted to patients who underwent specific diagnostic imaging 

modalities, namely, computed tomography angiography (CTA), 

magnetic resonance angiography (MRA), or digital subtraction 

angiography, within 4 weeks from the initial diagnosis.

Study populations according to disease

CI

Patients newly diagnosed with CI were identified by an ICD 

code of I63. Only patients with ≥3 days of hospitalization or 

death within 3 days of hospitalization with an ICD-10 code of 

I63 were included in an effort to exclude patients with old CI. 

Furthermore, we only included patients who underwent diag-

nostic imaging, such as CT with a contrast agent, brain CTA, 

or brain magnetic resonance imaging (MRI) with or without 

MRA, within 7 days from admission to restrict the analysis to 

patients diagnosed with acute or subacute CI, rather than old 

CI5,16). Furthermore, we excluded patients with a history of CI 

or other CVD within 3 years prior to the index period, and 

patients with other causes of brain injury able to provoke the 

CI (e.g., brain trauma and brain tumor). Additionally, we ex-

cluded pediatric patients under 20 years of age, as the patho-

physiology of pediatric CI is different from that of adult 

CI12,15,32,43).

Cerebral artery stenosis

Patients diagnosed with CASTN were identified by ICD 
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codes I65 and I66, including both extracranial and intracrani-

al artery stenosis. Patients with an ICD code of I63 were ex-

cluded to restrict the analysis to only those without a history 

of CI. Furthermore, we excluded patients with a history of ce-

rebral arterial dissection (ICD code : I720, I725, I726, I670, or 

I671), primary or secondary vasculitis (ICD code : I68, L93, 

L95, M05, M30-32, M35, or D57), cerebral autosomal domi-

nant arteriopathy with subcortical infarcts and leukoencepha-

lopathy (CADASIL) (ICD code : I673), sickle cell disorder 

(ICD code : D57), or MMD (ICD code : I675 and V128) to re-

strict the analysis to only those with atherosclerotic stenosis or 

occlusion13). Furthermore, we excluded patients with a history 

of CASTN or other CVD within 3 years prior to the index pe-

riod, and patients with brain trauma or brain tumors. Addi-

tionally, we excluded pediatric patients under 20 years of age 

as the etiology differs from that in adult patients.

Moyamoya disease

Patients diagnosed with MMD were identified by an ICD 

code of I67.5 with V128. Patients with a history of MMD 

within 3 years prior to the index period were excluded.

Data analysis

Incidence of cerebrovascular diseases

Data manipulation and extraction were conducted in SAS 

version 9.4 (SAS Institute Ins., Cary, NC, USA). The number 

of CVD cases diagnosed for the first time was calculated for 

each year from 2008 to 2016, and the annual crude incidence 

was calculated using the total population of each year, cor-

rected for the number of deaths and births in each year. The 

annual crude incidences of CI, CASTN, and MMD were di-

rectly calculated based on the cohort’s observation data using 

the following formula : annual crude incidence = number of 

events/total observation period × 100000. The age-standard-

ized incidence was obtained by applying the proportions of 

sex and age groups from the census data of 2008 in Korea to 

adjust for changes in the population structure, using the fol-

lowing formula : ∑iPi×Ii (Pi = proportion of each age / sex 

group in the national population; I
i
 = incidence of each age /

sex group in the cohort population). Additionally, we calculat-

ed age-specific incidences to obtain the crude incidence for 

each age group, with age-groups defined in 10-year periods.

Treatment for cerebrovascular diseases

Trends in the number of patients undergoing treatment ac-

cording to the treatment method were analyzed for each of the 

CVD. Changes in the number of patients undergoing treat-

ment by region and hospital size were also analyzed. Treat-

ments for CI or CASTN were identified by the following pro-

cedure codes in the Korean Classification of Diseases (KCD) : 

intra-arterial (IA) treatment, including IA fibrinolysis and 

mechanical thrombectomy, M6631-M6633; intracranial arte-

rial stenting and balloon angioplasty (ICAS), M6594 and 

M6602; carotid artery stenting and balloon angioplasty (CAS), 

M6594 and M6602; decompressive craniectomy, N0333; direct 

bypass (DB), S4661; carotid endarterectomy (CEA), O0226, 

O0227, and O2066. Treatments for MMD included DB (KCD 

code : S4661) and indirect bypass (IB; KCD code : S4662).

Statistical analysis

Statistical analyses were performed using SPSS version 22 

(IBM Corp., Armonk, NY, USA). Spearman’s rank-order cor-

relation was used to evaluate the linear trend; p-values and 

Spearman’s coefficient (r) are reported. The Wilcoxon signed-

rank test was used to confirm changes in the variables for each 

year. A p-value <0.05 was regarded as statistically significant.

RESULTS

CI

Incidence of CI

A total of 92691 and 83939 adults were newly diagnosed 

with CI in 2008 and 2016, respectively, reflecting a significant 

decreasing trend over the 9-year period (p<0.01, r=-0.967). 

The crude and age-standardized incidences in 2016 were 

calculated as 199.6 per 100000 person-years and 153.2 per 

100000 person-years, respectively, both reflecting decreasing 

trends from 244.2 per 100000 person-years in 2008 (p<0.01, 

r=-0.983) (Fig. 1A).

The number of patients diagnosed with CI in their 80s in-

creased by 22.5% over the 9-year period, but declined for oth-

er age groups. However, the age-specific incidences showed 

decreasing trends over the 9-year period for all age groups, 

and the age-specific incidence for patients older than 60 years 

exceeded the overall crude incidence. The proportion of pa-
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tients aged over 60 years among those diagnosed with CI was 

80.6% in 2016, ref lecting a significant increase from that in 

2008 (p<0.01, r=0.883) (Fig. 1B and C).

Additionally, the crude incidence was significantly higher in 

men than in women (p=0.018). In 2016, the crude incidence of 

CI in men exceeded that in women among patients in their 

30s or older, and was 2.5 times that in women among patients 

in their 50s (Fig. 1B and C).

Treatments for CI

The number of adult patients treated for CI in the acute or 

subacute phase increased annually over the 9-year period, in-

creasing at an average annual rate of 15.5% (p<0.01, r=1.0). 

Accordingly, the ratio of patients treated for CI in the acute or 

subacute phase increased from 3.4% in 2008 to 8.4% in 2016, 

which reflected the increased ratio of patients treated with en-

dovascular or surgical intervention (p<0.01, r=1.0). The num-

ber of patients who underwent DB increased steadily until 

2014 (p=0.016, r=0.847) and then showed a decreasing trend, 

with only 146 patients (0.2% of the patients with CI) treated 

by DB in 2016. The number of patients who underwent CEA 

increased steadily until 2011 (p=0.20, r=0.800) and then pla-

teaued, with only 141 patients (0.2%) treated with CEA in 

2016. The number of ICAS cases has decreased since 2013 

(p<0.01, r=-1.0), with only 496 (0.6%) ICAS cases in 2016. The 

number of CAS cases increased 2.4-fold over a period of 5 

years (2008 to 2013) (p<0.01, r=0.833) and then plateaued  

(Fig. 2).

Notably, the number of patients who underwent IA treat-

ment (including IA fibrinolysis and mechanical thrombecto-

my) showed a prominent increase (average annual rate, 

25.8%), and 4282 patients with CI underwent IA treatment in 

2016 (p<0.01, r=1.0). The number of elderly patients aged over 

60 years who underwent IA treatment increased over the 

9-year period, increasing at an average annual rate of 28.0% 

(p<0.01, r=1.0), and comprised 77.1% of all patients who un-

Fig. 1. Incidence of cerebral infarction (CI). A : Total number of patients diagnosed with CI, the crude incidence, and age-standardized incidence show 
decreasing trends over the 9-year observation period. B and C : The age-specific incidences show decreasing trends over the 9-year observation period 
for all age groups. The crude incidence was significantly higher in men than in women.
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Fig. 2. Treatments for CI. Total number of adult patients treated for acute or subacute CI increased annually, at an annual rate of 15.5%. The number of 
patients who underwent DB increased steadily until 2014 and then showed a decreasing trend. The number of patients who underwent CEA increased 
steadily until 2011 and then plateaued. The number of ICAS cases has decreased since 2013. The number of CAS cases increased 2.4-fold over a period of 
5 years (until 2013) and then plateaued. The number of patients who underwent IA treatment, including IA fibrinolysis and mechanical thrombectomy, 
has increased at an annual rate of 25.8% over 9 years. CEA : carotid endarterectomy, ICAS : intracranial arterial stenting and balloon angioplasty, CAS : 
carotid artery stenting and balloon angioplasty, IA : intra-arterial, CI : cerebral infarction, DB : direct bypass.

7000

6000

5000

4000

3000

2000

1000

0
Bypass CEA Craniectomy ICAS CAS IA treatment Total

2008 2009 2010 2011 2012 2013 2014 2015 2016

Fig. 3. Incidence of cerebral arterial stenosis (CASTN). A : Total number of patients diagnosed with CASTN, the crude incidence, and age-standardized 
incidence show significantly increasing trends over a 9-year period. B and C : The age-specific incidence of CASTN increased annually for all age groups, 
and was the highest for patients in their 70s. The crude incidence of CASTN in men exceeded that in women among patients in their 30s or older, and 
was 1.5 times more than that in women among patients in their 80s.
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derwent IA treatment for CI in 2016 (Fig. 2).

Cerebral artery stenosis

Incidence of cerebral artery stenosis

A total of 36644 and 86178 adults were newly diagnosed 

with CASTN in 2008 and 2016, respectively, reflecting at an 

average annual increasing rate of 16.9% (p<0.01, r=1.0). Both 

the crude incidence and age-standardized incidence increased 

steadily, and were calculated as 204.9 per 100000 person-years 

and 167.3 per 100000 person-years, respectively, in 2016 

(p<0.01, r=0.983) (Fig. 3A). Overall, the incidence of CASTN 

increased annually for all age groups. The age-specific inci-

dence was the highest for those in their 70s, and the age-spe-

cific incidence in patients aged over 50 years exceeded the 

overall crude incidence. The proportion of patients aged over 

60 years among those diagnosed with CASTN was 68.9% in 

2016, ref lecting a increase from 65.6% in 2008 (p=0.05, 

r=0.667). Additionally, the crude incidence of CASTN in men 

exceeded that in women among patients in their 30s or older, 

and was 1.5 times that in women among patients in their 80s 

(p=0.028) (Fig. 3B and C).

Treatments for cerebral artery stenosis

The number of adult patients treated for CASTN increased 

annually over the 9-year period, increasing at an average an-

nual rate of 5.2% (p<0.01, r=0.917). Nevertheless, the ratio of 

patients treated for CASTN decreased from 4.1% in 2008 to 

2.5% in 2016 (p<0.01, r=-0.983), as the increase in the inci-

dence of CASTN was superior to the increase in the number 

of patients treated. The number of patients who underwent 

DB increased steadily until 2013 (p=0.072, r=0.771) and then 

showed a decreasing trend (p<0.01, r=-1.0), with only 145 pa-

tients (0.1% of patients with CASTN) treated by DB in 2016. 

The number of patients who underwent CEA increased 

steadily until 2012 (p=0.01, r=1.0) and then plateaued, with 

only 458 patients (0.5%) treated by CEA in 2016. The number 

of ICAS cases has decreased since 2012 (p=0.329, r=-0.486),  

with 200 cases (0.2%) in 2016, while the number of CAS cases 

increased 1.7-fold over the 9-year period (p<0.01, r=0.983), 

with 1328 cases (1.5%) in 2016 (Fig. 4).

Moyamoya disease

Incidence of moyamoya disease

A total of 1101 and 1679 patients were diagnosed with MMD in 

2008 and 2016, respectively, reflecting an annual increasing rate 

of 6.6% over the 9-year period (p<0.01, r=0.983). The crude and 

age-standardized incidences in 2016 were calculated as 3.2 per 

100000 person-years and 3.1 per 100000 person-years, respective-

ly, both reflecting increasing trends from 2.2 per 100000 person-

years in 2008 (p<0.01, r=0.983) (Fig. 5A).

The number of pediatric patients with newly diagnosed 

MMD declined by 18.0% over the 9-year period, with 243 

pediatric patients diagnosed with MMD in 2016 (p<0.01, 

r=-0.912). For pediatric MMD, the crude and age-standard-

ized incidences showed no significant change from 2008 to 

2016, and both were calculated as 2.4 per 100000 person-years 

Fig. 4. Treatments for CASTN. Total number of adult patients treated for CASTN increased annually, at an annual rate of 5.2%. The number of patients 
who underwent DB increased steadily until 2013 and then showed a decreasing trend. The number of patients who underwent CEA increased steadily 
until 2012 and then plateaued. The number of ICAS cases has decreased since 2012, while the number of CAS cases has increased by 1.7-fold over a 
9-year period. CAS : carotid artery stenting and balloon angioplasty, ICAS : intracranial arterial stenting and balloon angioplasty, CAS : carotid artery 
stenting and balloon angioplasty, CASTN : cerebral artery stenosis, DB : direct bypass.
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in 2016 (p=0.70, r=0.150). In contrast, the number of adult pa-

tients with newly diagnosed MMD increased by 78.4% over 

the 9-year period (p<0.01, r=0.950), with 1,436 adult patients 

diagnosed with MMD in 2016. For adult MMD, the crude and 

age-standardized incidences showed significantly increasing 

trends from 2008 to 2016 (p<0.01, r=0.983), and both were 

calculated as 3.4 per 100000 person-years in 2016 (Fig. 5A). 

The age-specific incidence was the highest for patients in their 

50s. The proportion of patients aged over 60 years among 

those diagnosed with MMD increased 2.0-fold over 9 years 

(p<0.01, r=0.917) and accounted for 16.7% of the patients with 

MMD in 2016. In general, a bimodal shape was observed, 

peaking in the teens and 50s, but this pattern was more pro-

nounced in women than in men. In 2016, the crude incidence 

was 2.3 per 100000 person-years and 4.1 per 100000 person-

years in men and women, respectively, and was 2.1 times 

higher in women than in men among patients in their 50s 

(p=0.018) (Fig. 5B and C).

Treatments for moyamoya disease

Operations for pediatric MMD declined significantly over 

the 9-year period (p<0.01, r=-0.820), with 399 and 313 opera-

tions performed in 2008 and 2016, respectively. For pediatric 

MMD, the number of DB cases, including cases of combined 

bypass (CB), increased steadily over the 9-year period, with 40 

cases of DB performed in 2016. Meanwhile, the total number 

of revascularization surgeries for adult MMD increased to 389 

by 2012 (p<0.01, r=0.964) and then decreased to 364 in 2016. 

The number of DB cases, including CB cases, peaked at 266 in 

2014 (p=0.188, r=0.700) and then decreased to 250 in 2016 

(p=0.01, r=-1.0). The proportion of cases in which IB was per-

formed alone decreased from 62.5% in 2008 to 31.3% in 2016 

(p<0.01, r=-0.850).

Fig. 5. Incidence of moyamoya disease (MMD). A : The total number of patients with newly diagnosed MMD and that with adult MMD demonstrated 
increasing trends, while the number of pediatric patients with newly diagnosed MMD declined by 18.0% over a 9-year period. B and C : While the age-
specific incidences in pediatric patients with MMD decreased, that in adult patients increased over a 9-year period. A bimodal shape is observed, 
peaking in the teens and 50s, but this pattern is more pronounced in women than in men.
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DISCUSSION

CI and cerebral artery stenosis
A previous study utilizing Korean NHIS data from 2005 to 

2010 showed that the incidence of IS increased to 95210 in 

2007 and then declined18). According to the present study, the 

number of patients diagnosed with IS was 92872 in 2008 and 

84084 in 2016, decreasing at an average rate of 1.2% per year. 

In addition, the decrease in the age-standardized incidence 

was larger than that for the crude incidence, and in 2016, the 

age-standardized incidence was 117.0 per 100000 person-

years. Thus, the actual incidence of CI is decreasing, despite 

compensation for changes in the population structure due to 

aging. Similar to these trends in Korea, substantial decreases 

in stroke incidence have been reported in multicenter cohort 

studies conducted in the United States23). Decreasing trends 

have also been reported in Europe, New Zealand, Australia, 

and Japan4,17,20,39,42). The more successful control of risk factors 

in the last few decades (mainly hypertension control starting 

in the 1970s, and later, hypertension treatment combined with 

smoking cessation, control of diabetes and dyslipidemia, and 

treatment of atrial fibrillation) may have resulted in lower 

stroke incidence and less severe strokes26). The results of the 

present study also showed that the diagnosis and treatment of 

CASTN increased 2.4 times and 1.4 times, respectively, over 

the 9-year observation period. This increase in diagnosis and 

preventative treatment may have helped control the risk fac-

tors of CI, further lowering the incidence of CI.

The number of patients who underwent treatment for CI in-

creased by an average of 18.3% per year for 9 years, which was 

largely due to increases in carotid angioplasty and IA treatment. 

In particular, the number of patients undergoing IA treatment 

has been on the rise since 2013, which coincides with changes in 

the guideline for acute ischemic stroke (AIS)21). In the 2013 AIS 

guideline, the effectiveness of mechanical thrombectomy was es-

tablished, which differed from that in previous guidelines2,21). The 

guideline was further revised in 2018, and mechanical thrombec-

tomy was shown to be reasonable for select patients, even within 

24 hours of the last known normal; thus, the indication of me-

chanical thrombectomy is wider and the number of patients un-

dergoing IA treatment is expected to increase further37). As for 

ICAS, the SARIS study reported a favorable outcome for intra-

cranial stenosis in AIS30,31), but no other evidence, such as that 

from a randomized clinical trial, was obtained. Furthermore, the 

SAMMPRIS study reported that medical treatments were superi-

or for symptomatic intracranial stenosis8,9). These reports explain 

why the number of patients undergoing ICAS for CI and CASTN 

is decreasing. Furthermore, several studies have reported CAS as 

effective for symptomatic carotid stenosis1). Additionally, the 

number of studies reporting the effectiveness and safety of CAS 

for AIS are growing19,27,41,44). However, the evidence supporting 

CAS for AIS was not established in the 2018 guideline. Despite 

this, CAS accounted for 20.7% of all CI treatments in 2016, re-

flecting a 2.3-fold increase from 2008.

An increase in the number of available hospitals is consid-

ered to be one of the major causes of the increased number of 

CAS and IA treatments (e.g., IA fibrinolysis, mechanical 

thrombectomy). Over the 9-year observation period, the 

number of GHs able to perform IA treatment increased 2.0-

fold, while the number of patients who underwent IA treat-

ment in a GH increased 3.7-fold. Meanwhile, the number of 

patients who underwent IA treatment in a TRGH increased 

2.8-fold, even though there was no significant change in the 

number of TRGHs able to perform IA treatment. The number 

of available TRGHs and GHs were 40 and 67, respectively, in 

2016. In contrast, the number of available TRGHs and GHs 

were 42 and 90 in 2016, ref lecting increases of 7.7% and 

95.7%, respectively. Interestingly, the number of CAS per-

formed in GHs has exceeded that in TRGHs since 2013.

Moyamoya disease
In the current study, the crude and age-standardized inci-

dences for MMD in 2016 were calculated as 3.2 per 100000 

person-years and 3.1 per 100000 person-years, respectively, 

and the number of patients newly diagnosed with MMD in-

creased by 52.5% since 2008. Although both the crude and 

age-standardized incidences of pediatric MMD in 2016 (2.4 

per 100000 person-year) were not significantly different from 

those in 2008, those for adult MMD significantly increased 

from 2.1 per 100000 person-years in 2008 to 3.4 per 100000 

person-years in 2016. According to data from the Korean 

NHIS, the number of health insurance subscribers under the 

age of 20 years decreased 15.5% from 11920343 in 2008 to 

10070627 in 2016. This explains why there was no significant 

change in the crude incidence despite an 18.0% decrease in 

the number of newly diagnosed pediatric MMD over the 

9-year period. While the number of diagnoses for adult MMD 

increased, the number of surgeries has been decreasing since 
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2012. This is assumed to be due to an increased detection rate 

in asymptomatic MMD, as a result of increased health screen-

ing. The incidence trend in the present study is similar to that 

in a previous Korean nationwide study conducted from 2006 

to 2011, and the incidence of MMD has increased steadily 

since 20113). Based on these results, it is deduced that the inci-

dence, as reported previously and in the present study, is close 

to the detection rate, and that the detection rate increases as 

the accessibility to imaging modalities increases. Although a 

previous Japanese study reported an incidence of 0.54 per 

100000 person-years in 2003, which is lower than the rate 

found in the present study, the Japanese study analyzed data 

from a survey conducted in hospitals in 2003, with a response 

rate of 56.8%25). Additionally, a nationwide population-based 

study in Taiwan conducted from 2000 to 2011 reported an an-

nual incidence of 0.15 per 100000 person-years, with increas-

ing incidence in adults but not in children6). In a multicenter 

study in China, an increasing incidence rate of MMD was ob-

served during the period of 2000–2007, with an average detec-

tion rate of 0.43 per 100000 persons-years33). Although the in-

cidence of MMD in the present study was higher than that in 

other nationwide studies, the present study is based on Korean 

NHIS data, which represent 97% of the nation’s population, 

and the results ref lect the most recent trends. Therefore, we 

believe the present results are reliable and meaningful.

Limitations
The present study has several limitations, mainly related to 

the use of claim data rather than medical records. First, in pa-

tients with a diagnosis of CI, there is a limit to clearly knowing 

the onset time. To overcome this limitation, we only included 

patients with ≥3 days of hospitalization or death within 3 

days of hospitalization with the appropriate ICD-10 code to 

exclude patients with old infarctions. Furthermore, we includ-

ed only patients who underwent diagnostic imaging, such as 

CT with a contrast agent, brain CTA, or brain MRI, with or 

without MRA within 7 days from admission5,16). Second, 

among patients diagnosed with CASTN, it is possible that pa-

tients with pathologies other than atherosclerosis were includ-

ed, as the claim data does not include imaging data. However, 

we excluded patients with other etiologies, such as dissection, 

vasculitis, CADASIL, sickle-cell anemia, or MMD. Further-

more; as the incidence of other etiologies is very low13), their 

impact on the results is not expected to be significant.

CONCLUSION

Although the incidence of CI demonstrated a declining 

trend over the 9-year observation period, the number of pa-

tients treated for CI increased 2.2-fold. The incidence of 

CASTN and the number of patients treated for CASTN both 

increased over the 9-year period. On the other hand, the num-

ber of patients diagnosed with pediatric MMD decreased, de-

spite no significant change in the incidence. In contrast, the 

number of patients diagnosed with adult MMD and its inci-

dence have increased over the 9-year period. These trends re-

flect changes in the population structure, increases in the ac-

cessibility of imaging examinations, and the development of 

endovascular techniques. An understanding of these trends 

may aid in the prevention of stroke and the establishment of 

related healthcare policies.
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