
https://doi.org/10.5853/jos.2023.00297

Ok et al.   Genotype–Phenotype Correlation in Moyamoya Disease

2  https://j-stroke.org

Supplementary References
1.	 Research Committee on the Pathology and Treatment of 

Spontaneous Occlusion of the Circle of Willis, Health Labour 

Sciences Research Grant for Research on Measures for In-

fractable Diseases. Guidelines for diagnosis and treatment of 

moyamoya disease (spontaneous occlusion of the circle of 

Willis). Neurol Med Chir (Tokyo) 2012;52:245-266. 

2.	 Suzuki J, Takaku A. Cerebrovascular “moyamoya” disease. Dis-

ease showing abnormal net-like vessels in base of brain. Arch 
Neurol 1969;20:288-299. 

3.	 Kawabori M, Ito M, Kazumata K, Tokairin K, Hatanaka KC, 

Ishikawa S, et al. Impact of RNF213 c.14576G>A variant on 

the development of direct and indirect revascularization in 

pediatric moyamoya disease. Cerebrovasc Dis 2022 Sep 5 

[Epub]. https://doi.org/10.1159/000526089. 

Supplementary Results

Subgroup analysis of genotype–phenotype 
correlations for the RNF213 R4810K variant 
upon age at onset
Among 248 adult MMD patients, 189 were heterozygous and 
none were homozygotes (Supplementary Table 2 and Supple-
mentary Figure 3B). Heterozygotes had a family history of MMD 
(19% vs. 3%; P<0.001), underwent more revascularization sur-
geries (19% vs. 5%; P=0.01), and were more susceptible to pos-
terior cerebral artery (PCA) involvement than were those with 
the wild type (22% vs. 9%; P=0.02). Cerebral hemorrhage as an 
initial clinical manifestation was significantly more common in 
heterozygotes than in those with the wild type (11% vs. 2%; 
P=0.026). The AA, GA, and GG genotypes did not differ signifi-
cantly in other clinical presentations.

Among 63 pediatric MMD patients, 49 were heterozygous and 
5 were homozygous (Supplementary Table 3 and Supplemen-
tary Figure 3C). Homozygotes were more susceptible to PCA 
involvement than were heterozygotes (80% vs. 14%; P<0.001). 
The AA, GA, and GG genotypes did not differ significantly in 
other clinical presentations.

The clinical characteristics were compared between pediatric 
and adult MMD patients among heterozygotes (Supplementary 
Table 4). Compared to adult MMD heterozygotes, pediatric MMD 
heterozygotes more frequently presented with TIA and under-
went more revascularization surgeries. Moreover, pediatric MMD 
heterozygotes had a higher proportion of bilateral vasculopathy 
than did adult MMD heterozygotes. The AA, GA, and GG geno-
types did not differ significantly in terms of Suzuki grades. 




