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Burden of Psychiatric Disorders in Moyamoya Disease:
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ABSTRACT

Objective: Moyamoya disease is a cerebrovascular illness that causes
progressive stenosis of the intracranial internal carotid arteries and their
proximal branches, increasing the risk of stroke. Moyamoya disease is
associated with a small number of neuropsychiatric symptoms. The
objective of this study was to investigate psychiatric comorbidities and
trends in patients with Moyamoya disease in the United States.

Methods: US National Inpatient Sample data from 2007 to 2014

were used for analyses in this cross-sectional study. The frequency of
psychiatric and nonpsychiatric disorders among adult patients with
known Moyamoya disease was assessed. Baseline demographics
included in the analysis and diagnostic codes used to identify psychiatric
disorders were determined. Categorical and continuous data were
assessed using Pearson x? test and Mann-Whitney U test, respectively. All
analyses were conducted using SPSS version 22.0.

Results: The prevalence of psychiatric comorbidities was 38.7%
(7,861/20,289). The most common psychiatric disorders were mood
disorders (17.8%) and anxiety disorders (8.0%). Psychosis and drug abuse
were present in 4.4% and 4.1% of patients, respectively. Approximately
1in 4 patients (22.2%) with Moyamoya disease had previously been
screened for mental health or substance abuse. The rate of suicide or
self-inflicted injury was 0.8%.

Conclusions: The impact of Moyamoya disease on mental health services
is expected to grow, as the condition’s prevalence is increasing at a rate
of approximately 1.5- to 2-fold. A multidisciplinary approach between
neurology, psychiatry, and primary care can improve screening and
management of comorbid psychiatric disorders.
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Moyamoya disease is a rare chronically
progressive cerebrovascular disease.! It is
common among the Asian population, especially
people from Japan, where it was first discovered.!
Although its etiology is not exactly clear, a Taiwanese
study"? found an association with mutations in
human RNF213 and ACTA2 genes. Moyamoya
disease is bimodal with peaks between age 5 to
10 years and then between age 30-50 years; the
population of patients from the second peak is
smaller than the first.>* Family history is positive
in 10%-15% of patients, and these patients have an
earlier age at onset and more aggressive disease.>

Moyamoya disease constricts and occludes
the internal carotid artery and its branches at the
entrance of the circle of Willis.!~* Collateral vessels
develop to bypass the constriction/occlusion, which
gives rise to a “puft of smoke” appearance for which
it was given the name Moyamoya disease.!~® Unlike
Moyamoya disease, which is idiopathic, Moyamoya
syndrome develops secondary to an underlying
disorder like Down’s syndrome, diabetes, neoplasm,
or atherosclerosis.> A case-control study* found
that increased body mass index and homocysteine
levels were linked to an increased risk of Moyamoya
disease. Increased albumin and high-density
lipoprotein cholesterol, on the other hand, were
linked to a decreased risk of Moyamoya disease.*
Clinically, Moyamoya disease can give rise to
strokes (both ischemic and hemorrhagic), transient
ischemic attacks, encephalopathy, seizures, visual
disturbances, developmental delay, or psychosis.?

A few publications®’ have described the
epidemiology of Moyamoya disease in the United
States by using the National Inpatient Sample (NIS)
and Mayo Clinic databases. Despite these wider
studies, literature on psychiatric comorbidities
has been relegated to case reports and small Asian
population studies. Richards et al® discussed the
various case reports, limited number of small
population studies, and current lack of large sample
data. Kainth et al’ examined Moyamoya disease
from 2005-2008 using the NIS data, but the study
was limited to neurologic manifestations and did not
include psychiatric comorbidities and its trends. The
authors’ found that the prevalence of Moyamoya
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Clinical Points

B The medical comorbidities of Moyamoya disease are
well-documented, but the psychiatric associations are
ambiguous and lacking in information.

B Because of the multifactorial pathogenesis of psychiatric
iliness in Moyamoya disease, a multidisciplinary approach
between neurology, psychiatry, and primary care can
improve screening and management of comorbid
psychiatric disorders.

disease was increasing. To better understand the psychiatric
comorbidities and trends in in the United States, we analyzed
a national representative cohort of patients with Moyamoya
disease hospitalized between January 2007 and December
2014 (N=20,289).

METHODS

This cross-sectional study assessed the frequency of
psychiatric and nonpsychiatric disorders among adult
patients with known Moyamoya disease using the NIS
(2007-2014) and the ICD-9 code 437.5."° This ICD-9 code
has a positive predictive value of 89% and higher. The NIS
is a part of the Healthcare Cost and Utilization Project
sponsored by the Agency for Healthcare Research and
Quality. Discharge weights were used to achieve nationwide
appraisals representative of over 97% of the US population.
The NIS comprises cross-sectional data of nearly 35 million
yearly discharges from over 1,050 hospitals and thus
represents a 20% stratified sample of all nonfederal acute
care hospitals from 45 states (exclusive of long-term acute
care and rehabilitation centers). This study was exempt
from institutional review board authorization, as it contains
de-identified data.

Baseline demographics included in the analysis and
diagnostic codes used to identify psychiatric disorders
were determined. Categorical and continuous data were
assessed using Pearson y* test and Mann-Whitney U test,
respectively. We considered a 2-tailed P<.05 as a threshold
for statistical significance. SPSS software version 22.0 (IBM,
Armonk, New York) was used for all the statistical analyses.

RESULTS

The prevalence of psychiatric comorbidities was 38.7%
(7,861/20,289). The most common psychiatric disorders
were mood disorders (17.8%), including depression (13.5%)
and anxiety disorders (8.0%). Psychosis and drug abuse
were present in 4.4% and 4.1% of patients, respectively.
Approximately 1 in 4 patients (22.2%) with Moyamoya
disease had previously been screened for mental health or
substance abuse. The rate of suicide or self-inflicted injury
was 0.8% (Figure 1).

We also observed that females were more likely to be
affected (73%) regardless of psychiatric comorbidity. The

mean age of patients without psychiatric disorders was
39 years, while the mean age of those with a psychiatric
disorder was 42 years. White patients accounted for
the highest number of patients with Moyamoya disease
(37.5%), followed by Black patients (30.0%). Stratification
for psychiatric comorbidities indicated significant
racial disparities—those without psychiatric disorders
were predominantly Black (37.4%) followed by White
(35.2%), while the group with psychiatric disorders was
predominantly White (54.1%) followed by Black (28.8%).
Comorbidity with a psychiatric disorder was inversely
related to median household income quartile and was
more common in patients from the Midwest and the South.
There was no difference in the mean length of stay (days)
or hospital charges in patients with or without psychiatric
disorders (Table 1).

We identified 2 peaks among patients with Moyamoya
disease. One peak was at age 18-29 years, while the
second was at 40-49 years (Figure 2). In all age groups,
the proportion of patients without psychiatric disorders
exceeded the proportion of patients with psychiatric
disorders. The group of patients diagnosed during the first
peak had the highest difference in proportion between
patients without and with psychiatric disorders (Figure 3).

DISCUSSION

Moyamoya disease is a rare chronic cerebrovascular
disorder that was first reported in Japan in 1957. Although
it is known to affect mainly Asian populations, the disease
has recently gained broader attention in Western countries.!

The overall rate of psychiatric comorbidities in this
cohort was 39%. Depression (13.5%) and anxiety disorders
(8.0%) were the most encountered psychiatric conditions.
Our findings are in accord with previous literature, which
also notes that depression and anxiety are the most
common psychiatric sequelae of Moyamoya disease.!!"1> A
2005-2008 NIS study of patients with a primary diagnosis
of Moyamoya disease found that strokes and transient
ischemic attack were the most common reasons for hospital
admissions. Moreover, a notable proportion of these
patients also had comorbid hypertension and diabetes
mellitus.® There is substantial evidence suggesting stroke,
hypertension, and diabetes are independently associated
with poor mental health and elevated rates of depressive
and anxiety disorders.'®!” However, the studies'""'*!> that
evaluated patients with Moyamoya disease and history of
stroke, mixed history of stroke, and no history of stroke
all reported that patients were suffering from clinically
significant depression or anxiety. The prevalence of
depression or anxiety regardless of stroke history may be
explained by the potential role of neuroinflammation in
Moyamoya disease.

There is growing evidence that various inflammatory
biomarkers such as adhesion molecule 1 (ICAM-1) and
interleukin 1-B (Il-1b) may be present in the vessel walls
of patients with Moyamoya disease.'®!* ICAM-1 and 1I-1b
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Figure 1. Prevalence of Psychiatric Disorders in Adult Patients Hospitalized for Moyamoya Disease

Prevalence (%)

Psychiatric disorder

immunoreactivity is also associated with depressive and
anxiety disorders, which may explain the increased burden
of those disorders in patients with Moyamoya disease.?%?!

Moyamoya disease is classified as a rare disease. Most rare
diseases are complex, chronic, progressive, degenerative, and
often life-threatening and have no cure.? A cross-sectional
study®? that evaluated depression and anxiety in patients
with different rare diseases found a majority of patients
suffered from a reduced quality of life and a high percentage
of depression and anxiety. Common chronic illnesses, in
general, are similarly associated with poor quality of life and
increased burden of depression and anxiety.'® Inadequate
access to medical care, delayed diagnosis, and lack of scientific
publications guiding treatment and education contribute to
the high psychiatric burden seen in rare diseases.?> Detection
and treatment of depression and anxiety in patients with rare
chronic diseases can improve their overall health. Still, it is
important to note that only 1 in 4 patients with Moyamoya
disease in this study had previously received mental health
and substance abuse screening.

The overall racial distribution of Moyamoya disease in
this study was White (37.5%), Black (30.0%), Asian or Pacific

islander (9.1%), and Hispanic (7.62%). The most recent US
census data for racial distribution is White (60.7%), Hispanic
(18.1%), Black (13.4%), and Asian (5.8%).2% Previous research
found that Moyamoya disease was distributed among the
races according to their relative US proportions.” While the
White race was most common in this study and the census
data, the proportion of the other races are not similar to the
census data.’

Stratification of the total sample for a psychiatric disorder
revealed that 54.1% of White patients had a comorbid
psychiatric disorder, while 35.2% did not. Conversely, all
other race groups including Black, Asian and Pacific Islander,
and Hispanic had more patients without a psychiatric
disorder. These results may be attributed to racial and ethnic
disparities in mental health care: White patients are more
likely to have better access and receive treatment for mental
health and substance abuse, whereas minorities have less
access to care, delay/fail to seek mental health treatment,
and terminate treatment prematurely in addition to provider
discrimination toward minorities.?*

The majority of patients with Moyamoya disease and
comorbid psychiatric disorder (33.5%) were in the 0-25th
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Figure 3. Age Distribution of Patients With Moyamoya Disease With Versus Without Psychiatric Disorders

722 @ No Psychiatric Disorders

Age Distribution of Patients, %

67.3
622
57.4 59.0
6 426
410 . 387
37.8

B Psychiatric Disorders

18-29

30-39 40-49

50-59

60-69 70-79 80-89 Overall

Age at Admission, y

quartile for median household income. The negative
correlation between psychiatric disorder and median
household income may be explained by the social causation
hypothesis and the social drift hypothesis. The social
causation hypothesis states impoverished individuals are
more likely to be driven into mental illness due to heightened
stress, malnutrition, social exclusion, and lower social capital,
while the social drift hypothesis states that mental illness
drives an individual into poverty through increased health
expenditure, reduced productivity, and loss or difficulty in
maintaining employment.?

From 1988 to 2004, the number of hospitalizations for
patients with Moyamoya disease was 2,247.8 From 2005 to
2008, it was 7,473. In our study from 2007 to 2014, 20,289
patients were admitted to the hospital. Thus, the prevalence
of Moyamoya disease has increased by approximately 1.5 to
2 times. This trend may represent a true increase, or it may
represent an increase in awareness of the disease. Similar
increases have been reported in Japan as well, where the
prevalence has increased 2 times. Intensive monitoring is
required to better understand this trend and the factors
associated with it.

The limitations of this study should be considered prior
to the interpretation of the results. First and foremost, this is
a national inpatient database and does not include outpatient
data. It is also difficult to be certain that the same patients
are not being counted more than once due to a second need
for admission. The database also does not clarify how the
patients were diagnosed. Moreover, the data are restricted
to approximately 20% of the stratified sample of community
hospitals across the United States.

Another limitation stems from differences in coding
practices, which may also influence the quality and
reliability of the data. The rarity of Moyamoya disease leads
to limited potential for coding, which essentially increases
specificity, though the number of cases reported in this study
is still an underestimation of the true burden of the disease.
Additionally, ICD-9 code 7437.5 does not differentiate
between Moyamoya disease and Moyamoya syndrome,
meaning that we cannot say definitively if the comorbid
psychiatric conditions are associated with Moyamoya
disease or with secondary health conditions. Finally, we do
not have data for patients aged < 18 years; thus, we cannot
comment on pediatric cases of Moyamoya disease, and our
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Table 1. Baseline Characteristics and Outcomes of Hospitalizations for Moyamoya Disease With Versus

Without Psychiatric Disorders (N=20,289)

No Psychiatric Disorder

Psychiatric Disorder

Variable (n=12,428) (n=7,861) P2
Age at hospitalization, median [IQR], y 39[27-50] 42 [32-51] <.001
18-44, n (%) 7,807 (62.8) 4,519 (57.5)
45-64, n (%) 4,007 (32.2) 2,968 (37.8)
>65,n (%) 613 (4.9) 375 (4.8)
Sex, n (%) .070
Male 3,249 (26.2) 2,149 (27.3)
Female 9,159 (73.8) 5,712(72.7)
Race, n (%) <.001
White 3,915(35.2) 3,697 (54.1)
Black 4,155 (37.4) 1,967 (28.8)
Hispanic 1,107 (10.0) 441 (6.5)
Asian or Pacific Islander 1,395 (12.5) 467 (6.8)
Native American 62 (0.6) 29(0.4)
Others 483 (4.3) 227 (3.3)
Type of admission, n (%) .048
Nonelective 8,993 (72.6) 5,797 (73.9)
Elective 3,392 (27.4) 2,050 (26.1)
Median household income national quartile, n (%) <.001
0-25 3,944 (32.3) 2,557 (33.5)
26-50 2,677 (21.9) 1,898 (24.9)
51-75 2,726 (22.3) 1,826 (23.9)
76-100 2,857 (23.4) 1,351 (17.7)
Primary expected payer, n (%) <.001
Medicare 2,781 (22.4) 2,261 (28.8)
Medicaid 3,809 (30.7) 2,316 (29.5)
Private (including HMO) 4,919 (39.6) 2,509 (32.0)
Self-pay 428 (3.4) 472 (6.0)
No charges 91(0.7) 34(0.4)
Others 381 (3.1) 259 (3.3)
Bed size of hospital, n (%) 399
Small 1,030 (8.3) 691 (8.8)
Medium 2,065 (16.7) 1,279 (16.4)
Large 9,284 (75.0) 5,846 (74.8)
Location/teaching status of the hospital, n (%) <.001
Rural 306 (2.5) 293 (3.8)
Urban nonteaching 1,710 (13.8) 1,420(18.2)
Urban teaching 10,363 (83.7) 6,102 (78.1)
Region of hospital, n (%) <.001
Northeast 2,364 (19.0) 1,324 (16.8)
Midwest 2,397 (19.3) 2,093 (26.6)
South 4,615 (37.1) 2,980 (37.9)
West 3,052 (24.6) 1,465 (18.6)
Length of stay, median [IQR], d 4[2-8] 412-7]
Hospitalization charges, median [IQR], US$ 44,866 [20,916-93,869] 37,739[19,049-75,070] <.001

2P <.05 indicates statistical significance.

Abbreviations: HMO = health maintenance organization, IQR=interquartile range.

observations and conclusions are limited to patients aged
>18 years.

CONCLUSIONS

Our study is the first to enumerate the psychiatric
comorbidities in Moyamoya disease using a nationally
representative 7-year dataset. Over one-third of patients
with Moyamoya disease suffer from a psychiatric disorder,
with depression and anxiety being the most common,
which is higher than previous estimates. The impact of
Moyamoya disease on mental health services is expected
to grow, as the condition’s prevalence is increasing at a rate
approximately 1.5- to 2-fold. Only 25% of patients with
Moyamoya disease had previously received mental health
and substance abuse screenings. With increasing prevalence
and given that Moyamoya disease is more severe in the US

population compared to that of Japan, we hope that this
study will add to the currently available data and improve
screening in these patients. Because of the multifactorial
pathogenesis of psychiatric illness in Moyamoya disease, a
multidisciplinary approach between neurology, psychiatry,
and primary care can improve screening and management
of comorbid psychiatric disorders. Further studies are
needed to analyze the reason behind the increased
prevalence and differences in the disease between Asian
and US populations.
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