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Abstract

Background: Moyamoya disease (MMD) is a rare cerebrovascular disorder for which nationwide epidemiological data 
on the pediatric population are limited. In Korea, the majority of published epidemiologic data on MMD entailed brief 
study periods and were published many years ago. Moreover, the majority of prior epidemiological studies on MMD have 
not examined the clinical outcomes associated with cerebral revascularization.

Aims: To provide a comprehensive analysis of the recent epidemiological trends and cerebrovascular outcomes associ-
ated with pediatric moyamoya disease in the Republic of Korea.

Methods: A retrospective cohort study was conducted using the Korean National Health Insurance Database, analyz-
ing 4323 pediatric patients diagnosed with MMD between 2006 and 2021. Prevalence and incidence were assessed in all 
4323 patients, and cerebrovascular outcomes were analyzed in 3656 of these patients. Patients were categorized into 
surgical and non-surgical groups, with surgical techniques including indirect bypass (IB), direct bypass (DB), and combined 
bypass (CB). To evaluate year-to-year variations, linear regression analyses were performed to identify and quantify 
temporal trends for all measured outcomes.

Results: The mean observation period for the subjects was 10.3 years, with 12.1 years for the non-surgical group and 
9.7 years for the surgical group. The prevalence of pediatric MMD increased from 9.3 to 24.8 per 100,000 between 
2006 and 2021. Concurrently, the incidence rate has remained stable at approximately 2.0 per 100,000 since 2010. The 
surgical rate among prevalent cases has exhibited a gradual increase and has remained at approximately 88% since 2018. 
Furthermore, the case event rate for stroke has exhibited a downward trend over time, and a statistically significant 
reduction in hemorrhagic stroke was observed.

Conclusions: In Korea, the prevalence rate of MMD continues to rise, while the incidence rate remains stable despite a 
reduction in absolute case numbers, reflecting demographic shifts and improved survival. The mortality rate among pedi-
atric MMD patients remained unchanged; however, the incidence of hemorrhagic stroke was found to have decreased. 
Further multi-institution-based cohort studies are needed to clarify long-term cerebrovascular outcomes in this popula-
tion.

Data access statement: Researchers can access the NHIS database by submitting a request to the National Health 
Insurance Service Big Data Platforms (http://nhiss.nhis.or.kr).
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Introduction

Moyamoya disease (MMD) is a rare cerebrovascular condi-
tion characterized by progressive stenosis or occlusion of 
distal internal carotid arteries.1 The disease has a bimodal 
age distribution, with incidence peaking at approximately 10 
and 40 years of age.2 Although pediatric and adult MMD 
share similar radiographic features, they differ in their clini-
cal presentations, surgical methods, and prognoses.3,4 In chil-
dren, MMD predominantly manifests as ischemic symptoms, 
with cerebral infarction being more common and occurring 
in approximately 39% of cases, whereas cerebral hemor-
rhage is less frequent than in adults, affecting only approxi-
mately 3% of cases.3 Surgical revascularization through 
indirect bypass (IB) surgery is the main treatment modality 
for pediatric patients, whereas adult patients commonly 
undergo direct bypass (DB) or combined bypass (CB) proce-
dures.5–10 Pediatric patients have favorable long-term out-
comes, but young patients (<3 years of age) tend to have 
more rapid disease progression and worse prognoses.4,7

MMD has distinct regional variations, with higher inci-
dence rates reported in East Asian countries such as Korea, 
Japan, Taiwan and China.11,12 Several previous studies have 
examined the epidemiologic features of MMD using nation-
wide cohort data from each country.11–16 However, many of 
these studies do not fully account for the impact of recent 
demographic changes and advancements in treatment that 
have improved clinical outcomes. In Korea, most published 
epidemiologic data on MMD involve short study periods and 
are more than a decade old.13,15 In addition, most prior epide-
miologic studies on MMD have not investigated the clinical 
outcomes associated with cerebral revascularization.

Aims

This study was performed to examine epidemiologic trends, 
treatment modalities, and cerebrovascular outcomes 

associated with patients with MMD. Using data from the 
National Health Insurance Service (NHIS) in Korea, this 
study focused specifically on the pediatric population.

Methods

Study design and population

This study utilized a retrospective cohort design to assess 
the prevalence, incidence, therapeutic modalities, mortal-
ity, and morbidity among pediatric patients diagnosed with 
MMD in Korea. We used the National Health Insurance 
Database (NHID) which covers 97% of the Korean popula-
tion, and integrates insurance and healthcare utilization 
data.17

The study population included pediatric patients with 
MMD aged 18 years or younger with an index date from 
2002 to 2021. We specifically focused on children, as their 
clinical presentation, natural history, and treatment strate-
gies differ substantially from adults, necessitating a pediat-
ric-specific analysis. Patients were identified using the 
Rare Intractable Disease (RID, V128) and the International 
Classification of Disease (ICD)-10 (I675) codes to ensure 
diagnostic accuracy.13 As the policy to support medical 
expenses for patients with rare diseases in Korea was grad-
ually implemented starting in 2005, the analysis was con-
ducted with 2005 as a wash-out period. The final cohort 
included 4323 patients, to investigate prevalence and inci-
dence and to analyze clinical outcomes (Figure 1). For the 
cerebrovascular outcome analysis, 3656 patients were 
included after excluding 667 patients who had any claims 
with MMD during 2002-2005 or a history of cerebral 
infarction or intracranial hemorrhage within five years 
prior to study enrollment. The occurrence of a new stroke 
event was defined as the primary outcome.

Patients were categorized by the initial surgical inter-
vention: IB, DB, CB (both IB and DB), and non-surgical 
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intervention. All data related to healthcare utilization were 
subjected to analysis until the end of the observation period 
(31 December 2021), the occurrence of cerebrovascular 
events, or the death of the patient.

The study protocol received an exemption from review 
by the Institutional Review Board at Seoul National 
University Hospital (IRB No. E-2307-060-1448), and the 
stipulation for informed consent was annulled given the ret-
rospective characteristics of the study. The NHIS granted 
authorization for the utilization of their database for this 
research subsequent to an internal examination of the study 
protocol (NHIS-2024-1-471).

Baseline characteristics and outcomes

Baseline characteristics included the age at the initial diag-
nosis of MMD, sex, category of surgical intervention, and 
comorbid conditions. The comorbid conditions were moy-
amoya syndrome–associated conditions or diseases that 
were predominantly accompanied by MMD.18,19 They were 
defined by any health insurance claims utilizing the ICD-10 
classifications during the year preceding cohort enrollment 
(Supplemental Table S1).

The prevalence and incidence rates of pediatric MMD 
were calculated from the data. The annual pediatric popula-
tion size was provided by the Korean Statistical Information 
Service (KOSIS, https://kosis.kr), which was the denomi-
nator used for the calculation of the incidence and preva-
lence of MMD in the pediatric population. The annual 

population was defined as the population on 1 July, repre-
senting the mid-year point. Mortality data were ascertained 
from the national mortality statistics repository of the 
KOSIS, which was connected to the NHIS utilizing the 
national identification number as the linking key.

Medical expenditures during the postoperative observa-
tion period were calculated from the claims data, and these 
costs were classified into those incurred at consultations 
where MMD was the principal diagnosis and those where it 
was not. The durations of hospitalization and outpatient 
visits were also gathered and differentiated into those 
attributable to MMD and those not attributable to MMD.

Statistical analysis

Group comparisons and survival analysis used standard sta-
tistical tests. The prevalence rate was calculated by divid-
ing the number of patients with MMD by the total 
population for each year and the result per 100,000 persons. 
The incidence rate was determined by dividing the number 
of new cases by the total population for the corresponding 
year. The operation rate was defined as the proportion of 
new patients who underwent revascularization surgery 
among prevalent patients in each year and expressed as a 
percentage. Furthermore, an appropriate reference popula-
tion had to be selected in order to reflect the changing 
demographics of the pediatric population and facilitate 
comparison of statistically adjusted prevalence and inci-
dence rates. The 2021 Korean pediatric population and the 

Figure 1.  Selection process for children with moyamoya disease from the South Korean National Health Insurance database.
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World Health Organization (WHO) standard population20 
were selected for domestic and international comparisons, 
respectively. In addition, structural changes based on sex 
were incorporated in the calculation of the domestic stand-
ardization rate.

In order to ascertain survival and stroke incidence rates 
during the observation period, a comprehensive review was 
conducted of the number of prevalent patients, as well as 
the number of cases. The incidence rate among patients 
with the disease was subsequently calculated to facilitate an 
analysis of temporal changes. To evaluate year-to-year var-
iations, linear regression analyses were conducted to iden-
tify and quantify temporal trends for all measured 
outcomes.

All the statistical analyses were performed using SAS 
Version 9.4, SAS Enterprise Guide (SAS Institute, Inc., 
Cary, NC, USA), and R software (version 4.5.0, R 
Foundation for Statistical Computing, Vienna, Austria). A 
two-sided significance level of 0.05 was used for all tests.

Results

Demography, prevalence, and incidence of 
MMD in children
A total of 4323 patients in the cohort comprised 3328 
(77.0%) surgical patients and 995 (23.0%) non-surgical 
patients (Table 1). Among first surgical interventions, IB 
was predominant (n = 3082 patients, 92.6%), followed by 
CB (n = 177, 5.3%) and DB (n = 69, 2.0%). Female predom-
inance was observed in both surgical (57.6%) and non-sur-
gical groups (54.4%). The surgical group showed a 
significantly younger mean age (9.5 ± 4.1 years) compared 
with the non-surgical group (12.4 ± 4.1 years). Age distri-
bution varied by surgical method: patients with IB were 
younger (9.2 years) than DB (14.5 years), CB (12.4 years), 
and the non-surgical group (12.4 years). IB was most com-
mon in patients aged 5–9 years (45.6%), DB in 15–18 years 
(62.3%), and CB predominantly equal to or older than 
10 years (77.4%).

Hematologic diseases were the most frequent comor-
bidities (36.0%), especially in the surgical group (38.3%), 
followed by central nervous system (CNS) infections 
(10.5%). The non-surgical group had higher proportions of 
hypertension (9.5%) and arteriovenous malformations 
(1.4%). Nutritional anemia (49.4%) and coagulopathy 
(40.0%) were the most common hematologic subtypes 
(Supplemental Table S2). The incidence rate of nutritional 
anemia was highest among patients aged 0–4 years at 
59.0% (102 of 173), decreasing with age to 52.2%, 47.6%, 
and 39.4% in the subsequent age groups (Supplemental 
Table S3).

The prevalence of MMD has increased since 2006 and 
peaked in 2015, when 2249 cases (23.1 per 100,000 chil-
dren) were observed (Table 2). Since then, the prevalence 
has slowly declined, with the most recent data reporting 

2002 cases. Despite this decrease in absolute numbers, the 
prevalence rate continues to rise due to a decline in the 
overall population from 9.3 per 100,000 in 2006 to 24.8 per 
100,000 in 2021 (Figure 2). The annual number of incident 
cases has steadily decreased since 2006. However, the inci-
dence rate has remained stable, approximately 2.0 per 
100,000 after 2010. The operation rate among prevalent 
cases gradually increased and has remained at approxi-
mately 88% since 2018. Moreover, the operation rate 
among incident cases peaked at 88.8% in 2012, fluctuated 
at a similar level thereafter, and dropped to 75.8% in 2021.

The mortality rate for pediatric MMD showed a stable 
trend from 2006 to 2021. While the mortality rate was 
higher in 2007 (3.6 per 1000 person-years), in most other 
years, the rate fluctuated within a narrow range of 0.5 to 1.5 
per 1000 person-years. Given the rarity of mortality in 
pediatric patients with MMD, the observed trend was not 
statistically significant (p = 0.5084). On the contrary, the 
incidence of stroke showed a decreasing trend. While there 
was no significant change in ischemic stroke (p = 0.1730), a 
significant decrease was observed in hemorrhagic stroke 
(p = 0.0419, Table 3).

Discussion

We analyzed epidemiologic trends and cerebrovascular 
outcomes in pediatric MMD using the NHID. Most pediat-
ric patients with MMD in Korea are treated at tertiary hos-
pitals, where relatively standardized treatment strategies 
and surgical methods are employed. These factors increase 
the precision and robustness of our findings, despite the 
inherent limitations of claims-based data.

Epidemiologic features of MMD in children

Consistent with prior national reports, we observed a con-
tinued increase in the prevalence of pediatric MMD cases 
between 2006 and 2021, increasing from 9.3 to 24.8 per 
100,000. However, the number of new cases declined over 
the same period. This divergence likely reflects demo-
graphic shifts, most notably declining birth and fertility 
rates, as well as improved survival and early diagnosis. The 
incidence rate in our cohort stabilized at approximately 2.0 
per 100,000 after 2010, which is in line with earlier 
studies.13,15,21

Comparative data from Japan, where most epidemio-
logic analyses are derived from nationwide surveys, show 
similar trends but lower prevalence rates.2,11 Between 2015 
and 2019, the pediatric MMD prevalence ranged from 7.3 
to 9.7 per 100,000 children, whereas the incidence increased 
slightly from 1.4 to 2.5 per 100,000. In contrast, Taiwan22 
and China12 reported substantially lower rates, and Western 
countries, including the United States and Denmark, 
reported incidence and prevalence that were more than 
10-fold lower than those reported in East Asia.23,24 These 
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regional differences highlight the likely contributions of 
genetic and ethnic predispositions to MMD pathogenesis.

In our nationwide cohort, stroke incidence decreased 
over time and mortality remained rare. Compared with 
large surgical series evaluating long-term outcomes of sur-
gically treated pediatric MMD patients, our observed stroke 
incidence (~0.9–1.1% per year) was higher than the rates 
reported in previous series (0.08–0.04% per year).7 This 
discrepancy may reflect the inclusion of both surgically and 
conservatively managed patients in our cohort, as well as 
differences inherent to claim-based data collection. 
Nonetheless, the declining trend of stroke incidence and the 
rarity of mortality in our cohort are consistent with the 
favorable long-term outcomes reported in surgical cohorts.

Comorbid conditions of MMD in children

Hematologic disease, including nutritional anemias 
(49.4%) and coagulopathy (40.0%), was the most common 
comorbid condition reported in this study and no patients 
had hematologic malignancies. Although severe coagula-
tion disorders are rare, mild abnormalities detected with 
laboratory tests are relatively common in children, and are 
observed in approximately 5.8–15.6% of pediatric patients 
undergoing elective surgery.25 The prevalence of hemato-
logic disease appears to be elevated because of its high 
prevalence in the general pediatric population rather than 
being directly associated with MMD. In addition, blood 
transfusions are often performed during surgery in patients 
with MMD to maintain normal hemoglobin levels (hemo-
globin level > 13 g/dL immediately after surgery) to reduce 
postoperative cerebral infarction.6 Anemia diagnoses are 
often required for the reimbursement of transfusions, 
potentially inflating administrative prevalence rates.

Hypertension was noted in 6.0% of patients, and reno-
vascular hypertension was noted in 1.1%. While renovas-
cular hypertension is a recognized complication of MMD,26 
the observed prevalence is likely underestimated. Prior 
reports indicate that systemic hypertension, unrelated to 
renovascular pathology, may occur in up to 29% of pediat-
ric patients with MMD.18 In our cohort, hypertension was 
identified using insurance claims with ICD-10 codes I10-
I15. However, this method may not align with clinical 
guidelines, which define pediatric hypertension based on 
age, sex, and growth status.27 As a result, many children 
who were not on medication may have been excluded from 
being classified as hypertensive.

Neurofibromatosis type 1 (NF-1) was identified in 1.5% 
of the cohort. Although rare, NF-1 is a well-established risk 
factor for moyamoya syndrome, with cerebral vasculopa-
thy observed in 5% of patients.19,28 Graves’ disease and 
Down syndrome, which are commonly associated with 
moyamoya syndrome were less common in this study.19,29 
Given the reliance on diagnostic codes, we could not relia-
bly distinguish between idiopathic MMD and moyamoya O
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Figure 2.  Annual trends in prevalence, incidence, and the operation rate for pediatric moyamoya disease from 2006-2021.

syndrome, although we cross-referenced comorbidities 
when feasible.

Limitations

This study has several limitations. First, the use of claims 
data precludes detailed clinical and radiographic analyses. 
We relied on insurance system variables, and applied ICD–
10 and RID codes to ensure strict patient selection. 
However, these may not fully capture the clinical spectrum 
of MMD. To address these challenges, it is imperative to 
construct a comprehensive database that integrates clinical 
data with insurance claim data. This database could be 
used to identify patients with unilateral disease, determine 
the severity of disease, and provide associated imaging 
data. However, conducting such a study is challenging 
given Korea’s current legal framework. Second, the defini-
tion of stroke occurrence used in this study has not been 
externally validated. However, this definition provides 
more stringent operational criterion than claims-based 
stroke research.30 Therefore, the probability of underesti-
mation of annual prevalence and incidence of stroke 
remains. Nevertheless, the same type of misclassification 
occurred across all study years, and the observed trends 
would be significantly affected even if a different defini-
tion were applied, thus maintaining the comparability of 
the result. Third, indication bias may affect the observed 
efficacy of surgery. While randomized controlled trials 
(RCTs) offer stronger causal inferences, they are difficult 
to implement in pediatric populations. This is due to ethi-
cal concerns regarding assignment to non-surgical groups, 
as substantial evidence already supports the effectiveness 
of surgical intervention in preventing strokes. Furthermore, 
the high likelihood of crossover from non-surgical to  
surgical groups introduces an additional layer of complex-
ity in trial implementation. In such cases, large–scale 

retrospective studies implementing target trial emulation 
could serve as alternatives. Fourth, our outcome analysis 
focused on the first surgical procedure, potentially overes-
timating stroke risk in patients awaiting bilateral revascu-
larization. Fifth, to detect new cerebrovascular events, we 
excluded individuals with stroke-related hospitalizations 
in the 5 years preceding enrollment. While this approach 
reduces misclassification, it limits generalizability to those 
initially presenting with stroke. Finally, distinguishing 
MMD from moyamoya syndrome was limited by the 
absence of separate diagnostic codes. Although we 
attempted to mitigate this through a comorbidity analysis, 
residual misclassification is likely. Nevertheless, our study 
took advantage of the characteristic health insurance sys-
tem and evaluated the epidemiology and outcome trends of 
pediatric MMD in the country with the highest incidence 
of MMD. Given the inherent limitations of claim data–
based studies and the ethical concerns of RCTs, a multi-
institutional clinical network of MMD needs to be 
established for future research.

Conclusion

In this nationwide cohort of 4323 pediatric MMD patients, 
the prevalence of pediatric MMD increased from 9.3 to 
24.8 per 100,000 individuals between 2006 and 2021. This 
phenomenon occurred despite a decline in the absolute 
number of prevalent cases. The incidence rate, which grad-
ually decreased, fluctuated around 2.0 per 100,000 children 
from 2010 onward, even as the absolute number of incident 
cases declined. The mortality rate in pediatric MMD 
patients remained unchanged; however, the incidence of 
hemorrhagic stroke showed a decreasing trend. A multi-
institution-based cohort study is needed to more accurately 
assess the cerebrovascular outcomes of MMD more 
accurately.
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