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Abstract

Background:

The presence of antiphospholipid antibodies (aPL) has been suggested as a potential cause of
moyamoya angiopathy (MMA), but this remains uncertain. In this case-control study, we
aimed to compare the prevalence of circulating aPL in patients with MMA and in non-MMA
cerebrovascular controls.

Methods:

For comparison, we included 95 patients with MMA from the French National Referral
Centre for this condition and 182 age- and sex-matched non-MMA controls with a different
cerebrovascular disease, all younger than 55 years. Anticardiolipin antibodies, anti-p2-
glycoprotein | antibodies, and lupus anticoagulant were assessed using the guidelines of the
International Society on Thrombosis and Haemostasis.

Results:

aPL prevalence was 22% in patients with MMA and 25% in controls (P=0.74) with no
differences in aPL subtypes between the 2 groups. The prevalence of transient ischemic
attacks, ischemic stroke, and hemorrhagic stroke did not differ between patients with aPL-
positive and aPL-negative MMA.

Conclusions:

The prevalence of aPL in patients with MMA is comparable to that in non-MMA controls.
The present results do not support any causal relationship between aPL and MMA.



Nonstandard Abbreviations and Acronyms

aPL antiphospholipid antibody
APS antiphospholipid syndrome
ap2GPM  anli-p2-glycoprotein |
MMA mayamaoya angiopathy
MMS moyamaya syndrome

TIA transient ischemic attack

Moyamoya angiopathy (MMA\) is characterized by progressive stenosis of the supraclinoid
internal carotid arteries and abnormal basal collateral vessel development. MMA is classified
as moyamoya dis- ease when idiopathic and moyamoya syndrome (MMS) when associated
with inherited multisystemic disorders or acquired conditions.1  Conventional
antiphospholipid antibodies (aPL) consist of anticardiolipin antibodies, a2GPI (anti-p2-
glycoprotein | antibodies), and lupus anticoagulant.2 Several cases of coexistence of aPL and
MMS have been reported over the past years, suggesting potential pathogenic relationships.3—
7 A possible involvement of aPL in the alterations of endothelial or subendothelial structures
has even been suggested.6 However, whether this association is causal or coincidental
remains unknown. Thus, we aimed to compare the prevalence of blood-circulating aPL in
patients with MMA and in patients with a non-MMA cerebrovascular disease.

METHODS

This study follows the Strengthening the Reporting of Observational Studies in Epidemiology
guidelines. The data that support the findings of this study are available from the
corresponding author upon reasonable request. Missing data were considered for analysis.
Informed consent was obtained from participants, and the protocol study was approved by an
independent ethics evaluation committee. Patients with MMA diagnosed according to the
most current definition and confirmed by both a vascular neurologist (D.H.) and a
neuroradiologist (M.-A.L./\V/.C.) were recruited from the moyamoya cohort of the French
National Referral Centre (www.cervco.fr) at the Lariboisiere Hospital between January 2010
and December 2022.1 Details of this cohort have been reported and are summarized in
Supplemental Material.8 The control group included consecutive patients without MMA
admitted to the same hospital stroke care unit during the same period. Controls were matched
2:1 for sex, age, and aPL assay. Only patients and controls under 55 years were included, as
aPL assays were not systematically performed on controls older than 55 years admitted to the
stroke care unit.



Table 1. Demographic, Ethnicity, and aPL Profile

Characteristics
Sax, women 64 (67%) 126 (69%) 0.71
Age at test, y; median (IQR) 37 (28-43) 36 (28-42) 0.50
Ethnicity
European 61 (64) 126 (69) 0.06
African 18 (19) 41 (23)
East Asian 13 (14) 8 (4)
Other 3(3) 7 (4)
aPL profile
Any aPL-positive lest* 21 (22%) 45 (25%) 0.74
aCL (IgG or IgM) positivity* | 19 (2046) 35 (19%) 1
lgG 14 (15%) 23 (13%) 0.76
IgM 6 (6%) 15 (8%) 0.74
ap2GPI IgG positivity* 1 (1%) 8 (4%) 0.26
Lupus anticoagulant 1/45 (29%) 8/102 (8%) 0.27
Triple positivet 0 2 (1%)

Moderate-fo-high titers positivity in MMA/controls: aCl: n=3/6; ap2GPI:
n=0/3. aCL Indicates anticardiolipin antibodies; aPL, antiphospholipid antibody;
aPp2GP|, anti-f2-glycoprotein |; IOR, interquartile range; and MMA, moyamoya
angiopathy.

"Manufacturer’s positivity throshold.

ITriple positive profile defined as the presence of aCl, af2GPI, and lupus
anticoagulant.

IgG/IgM anticardiolipin antibodies and 1gG ap2GPl were titrated using solid-phase
immunoassays (Table S1). We pre- specified 2 cutoff values: the manufacturer’s positivity
thresh- old corresponding to the 99th percentile of healthy volunteers for each assay with
patients classified as positive or negative; a second threshold for moderate-to-high antibody
titers, namely >40 units for Enzyme-Linked-Immuno-Sorbent-Assay/ Fluorescence-Labeled-
Enzyme-Immuno-Assay and >200 units for Chemi-Luminescent-Immuno-Assay according to
the 2023 propositions of the American College of Rheumatology and the European Alliance
of Associations for Rheumatology.2 Lupus anticoagulant diagnosis was made in plasma, only
after 2015, using current recommendations.9 Comparisons between groups were made using



Wilcoxon rank-sum tests for continuous variables and x2 tests for categorical data.

RESULTS

We included 95 patients with MMA, predominantly female (67%) and of European origin
(64%), with a median age of 37 years (Table 1). Among them, 36% had MMS with associated
conditions, including neurofibromatosis type 1, Down syndrome, other rare genetic forms of
MMS, cranial irradiation, or autoimmune dis- eases. Cerebrovascular manifestations in this
group consisted of transient ischemic attack (TIA), ischemic stroke, and hemorrhagic stroke
in 47% (n=45), 48% (n=46), and 19% (n=18) of cases, respectively. Twenty-two patients
(23%) did not have a history of TIA or stroke. The control group comprised 182 patients
without MMA (Table 1). This group consisted of individuals with TIAs (n=41, 22%),
ischemic stroke (n=63, 35%), hemorrhagic stroke (n=3, 2%), or various unstable
cerebrovascular diseases (n=75, 41%) requiring close monitoring in the stroke care unit in the
absence of acute focal deficit (acute artery dissection, reversible cerebral vasoconstriction
syndrome). There was no difference in the type of aPL assays used during the study between
the 2 groups (Table S1).

The overall prevalence of aPL in patients with MMA was 22%, with 20% having
anticardiolipin antibodies (IgG or IgM), 1% anti-B2GPI (1gG), and 2.0% lupus anti- coagulant
(Table 1). Among aPL-positive MMA cases, the prevalence of MMS was 70% (n=15). None
of the patients met the diagnostic criteria for antiphospholipid syndrome (APS) according to
Sapporo criteria.10 When comparing the aPL prevalence between MMA and control groups,
we found no differences whether the analysis focused on overall aPL positivity or each type
of aPL positivity. Additionally, there was no difference between the 2 groups when
considering moderate-to-high titers or multiple-positivity profiles.

The subset of patients with MMA with aPL positivity was compared with patients with MMA
without aPL regarding cerebrovascular events. The prevalence of TIA, that of ischemic
stroke, and that of hemorrhagic stroke did not differ between the 2 groups (Table 2).



Table 2. Cerebrovascular Manifestations in MMA Cases

According to aPL Profile

MMA without | MMA with

aPL positivity, | aPL positivity,
Characteristics n=74 =21 P value
Sex, Temale 51 (BOU) 13 (B29%) 0.5
Age af lest, y ar (27-432) a7 (32-43) 0.2
Transient ischemic attack 37 (509) B (38%) 0.2
lschamic stroks a7 (50%) 0 (43%) 0.4
Hemarrhagic stroke 16 (22%) 2 (10%) 03

aPL indicates antiphospholipid antibody; 10R, interquartile range; and MMA,

IOyAMOYE angiopatiy
*Median (JOR); n (%),

DISCUSSION

The results of this study showed that the prevalence of aPL among patients with MMA was
not higher than that observed in the non-MMA group of patients admitted to the stroke care
unit. This prevalence is consistent with the frequency of aPL in stroke patients younger than
50 years estimated up to 22% (3%—35%) for anticardiolipin antibodies.11 Interestingly, the
majority of aPL-positive MMA cases (70%) had a condition undoubtedly associated with
MMA, such as a genetic condition, cranial irradiation, or autoimmune thyroid disease in line
with previous results obtained in 17 cases.5 Altogether, these findings do not support a causal
relationship between aPL and the development of MMA and suggest that the association
reported in case studies or small series is essentially coincidental.

None of our patients with MMA with aPL met the clinical and laboratory criteria for APS.10
Although recent international scientific statements have classified APS as a disorder
potentially associated with MMS, most reported cases lacked thrombotic extra- cranial
manifestations and did not fulfill APS diagnostic criteria.3,5-7,12 APS diagnosis requires the
presence of an unexplained thrombotic event, which differs from the brain ischemic event
observed in patients with MMA. The only reported case of APS with a definite diagnosis did
not meet MMA criteria, as the angiopathy involved only the M2 segment of a single middle
cerebral artery.4 Therefore, a causal link between APS and MMA seems unlikely.

The prevalence of cerebrovascular events was not higher in patients with MMA with aPL than
in those without. This differs from what is observed in patients with aPL in the absence of
MMA, where the presence of aPL appears to confer a 5-fold increased risk of stroke or
TIA.11 Such a discrepancy may suggest that the cerebrovascular complications of MMA are
driven by the intracranial angiopathy regardless of associated prothrombotic factors.



Longitudinal studies are, however, needed to definitively rule out any potential stroke risk of
aPL in patients with MMA.

Strengths of this study include the standardized data collection, the relatively large sample
size of the MMA sample, the identical tests and analysis period for each group, and the use of
the same laboratory for all biological analyses. Potential limitations are the possible biases
inherent to a case-control study, the lack of a controlled time period between the clinical
events and the sample taken for the assay, the difference in prevalence of clinical events
between the 2 groups, and the use of solid- phase assays for the detection of aPL, which is
known to exhibit some inter-assay variations.

In conclusion, the results of this study do not support a causal relationship between MMA and
the presence of aPL, nor do they support the involvement of aPL in the occurrence of stroke
events during the course of the disease.
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