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Background: An elevated risk of cardiovascular disease (CVD) and cerebrovascu-
lar disease (CBD) has been observed in patients with ICD-defined Neuromyelitis 
Optica (hereinafter referred to as NMO). However, population-based research 
on this topic remains limited. In this study, the risk of macrovascular events was 
compared between individuals with NMO and a matched population without 
NMO in Taiwan.
Methods: Data for this retrospective cohort study were collected from a nation-
wide database in Taiwan. A total of 1,376 patients with new-onset NMO between 
2003 to 2020 were enrolled. A Cox proportional hazards model was constructed 
to investigate CVD and CBD risk in patients with NMO and controlled for relevant 
variables.
Results: After relevant variables were controlled for, patients with NMO exhibited 
a significantly higher risk of CVD (adjusted hazard ratio [aHR] = 1.40; 95% confi-
dence interval [CI] = 1.11–1.77) and CBD (aHR = 3.37; 95% CI = 2.69–4.22) than 
matched controls. Significant associations were observed between NMO and 
ischemic stroke, hemorrhagic stroke, and transient ischemic attack but not acute 
myocardial infarction, atrial fibrillation, coronary artery disease, or heart failure.
Conclusion: Individuals with NMO exhibited an elevated risk of CBD. Conversely, 
NMO was not associated with an elevated risk of certain CVDs.
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1 Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is characterized by immune-mediated 
demyelination and axon damage, predominantly affecting the optic nerves and spinal cord (1). 
Clinically, NMOSD often presents with severe acute transverse myelitis, optic neuritis, and/or 
encephalitis involving the brain or brainstem (2, 3). In 2004, the highly specific autoantibody 
NMO immunoglobulin G (NMO-IgG) was discovered (4, 5). NMOSD was previously thought 
to be associated with both AQP4-antibodies and MOG-antibodies (6, 7). MOG antibody-
associated disease (MOGAD) is now recognized as a distinct entity (8, 9). AQP4 antibodies 
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drive astrocytic injury and blood–brain barrier (BBB) dysfunction in 
NMOSD, whereas MOGAD involves a separate demyelinating process 
targeting myelin oligodendrocyte glycoprotein (10–12). Accordingly, 
they exhibit distinct clinical courses, treatment requirements, and 
prognoses, a distinction that is, unfortunately, not captured by admin-
istrative claims data based on historical ICD coding.

Although a postmortem pathological study revealed a positive 
correlation between MS and the burden of cerebral small vessel dis-
ease (13), our understanding of the vascular alterations in the brain 
associated with NMO remains limited. A small number of cerebrovas-
cular disease (CBD) cases have been reported in patients with NMO 
(14, 15). Additionally, a study conducted in Korea indicated that 
patients with NMO have a higher risk of CBD (16). Another Korean 
study revealed that the incidence of cardiovascular diseases (CVD), 
such as myocardial infarction, was elevated in individuals with NMO 
(17). The risk of macrovascular events in NMO remains incompletely 
understood and insufficiently studied. To address this gap, we inves-
tigated the association between NMO and the risk of macrovascular 
events in a large, population-based dataset from Taiwan. The data 
were sourced from Taiwan’s National Health Insurance Research 
Database (NHIRD). Due to the inherent limitations of historical ICD 
coding, which preclude a clear distinction between NMOSD and 
MOGAD, the target population of this study is operationally charac-
terized as ICD-defined neuromyelitis optica (hereinafter referred to 
as NMO).

2 Materials and methods

2.1 Data sources

This study conducted a retrospective cohort analysis using the 
National Health Insurance Research Database (NHIRD) of Taiwan, 
spanning from 2002 to 2022. Administered by the Health and Welfare 
Data Science Center (HWDC), the NHIRD encapsulates the medical 
records of nearly 99% of Taiwan’s population under the mandatory 
National Health Insurance program. Clinical diagnoses were identi-
fied utilizing the International Classification of Diseases, Ninth and 
Tenth Revisions, Clinical Modification (ICD-9-CM and ICD-10-CM). 
The dataset is a well-established resource for generating real-world 
evidence to guide clinical practice and healthcare policy (18, 19).

2.2 Ethics approval

This study conducted a secondary data analysis of information 
obtained from the NHIRD, which is maintained by the HWDC. To 
ensure patient privacy, the NHIRD provides scrambled random iden-
tification numbers for all insured individuals. All data were anony-
mized to protect participant confidentiality. Because the database 
contains only deidentified data, the requirement for informed consent 
was waived. The study protocol was approved by the Institutional 
Review Board of Chung Shan Medical University Hospital, Taiwan 
(No. CSMUH CS1-24227).

2.3 Study participants

We identified patients with newly diagnosed NMO were identified 
based on the ICD-9-CM 341.0 and ICD-10-CM G36.0 between 2003 

and 2020. NMO was defined by the presence of more than three out-
patient main diagnoses or one or more inpatient primary/secondary 
diagnoses within one year to ensure diagnostic validity. We excluded 
individuals with a history of macrovascular diseases prior to their 
NMO diagnosis to establish a clean baseline. To mitigate potential 
selection bias and confounding in this observational design, a 1:5 pro-
pensity score matching (PSM) protocol was implemented. The match-
ing criteria included sex, age, insured premium, urbanization level, 
Charlson Comorbidity Index (CCI), and year of enrollment. After 
matching, the sample included 1,376 patients with NMO and 6,880 
matched general patients for comparison (Figure 1).

2.4 Study design

The primary objective was to evaluate the association between 
NMO and the subsequent risk of CVD and CBD. The CVDs investi-
gated comprised acute myocardial infarction (ICD-9-CM 410; ICD-
10-CM I21-I22), atrial fibrillation (ICD-9-CM 427.31; ICD-10-CM 
I48.0, II48.1, I48.2, I48.91), coronary artery disease (ICD-9-CM 410–
414; ICD-10-CM I20-I25), and heart failure (ICD-9-CM 428; ICD-
10-CM I50). The CBDs investigated comprised ischemic stroke 
(ICD-9-CM 433–435, 437; ICD-10-CM G45, G46, I63, I65-I67, I69), 
hemorrhagic stroke (ICD-9-CM 430–432; ICD-10-CM I60-I62), and 
transient ischemic attack (TIA; ICD-9-CM 435.9; ICD-10-CM G45.9). 
The date of diagnosis of NMO was defined as the index date for par-
ticipants in the study group, and after matching, the same date was 
assigned as the index date for the corresponding members of the con-
trol group. All participants were tracked from the index date and con-
tinued until the occurrence of a vascular event, death, or the end date 
of 2022. Baseline comorbidities, such as diabetes mellitus (ICD-9-CM 
250; ICD-10-CM E08-E13), hypertension (ICD-9-CM 401–405; ICD-
10-CM I10-I13, I15), hyperlipidemia (ICD-9-CM 272; ICD-10-CM 
E78), chronic obstructive pulmonary disease (COPD; ICD-9-CM 
490–492, 494–496; ICD-10-CM J40-J44), depression (ICD-9-CM 
296.2, 296.3; ICD-10-CM F32, F33), anxiety (ICD-9-CM 300.0; ICD-
10-CM F40-F41), sleep disturbance (ICD-9-CM 780; ICD-10-CM 
G47.9), and migraine (ICD-9-CM 346; ICD-10-CM G43, G44), were 
accounted for in the analysis.

2.5 Statistical analysis

All statistical procedures were performed using SAS software (ver-
sion 9.4), with significance set at p < 0.05. Chi-square tests were uti-
lized to compare baseline characteristics between groups. We 
employed Cox proportional hazards models to estimate adjusted 
hazard ratios (aHRs) and 95% confidence intervals (CIs) for CVD and 
CBD, controlling for all identified covariates. Furthermore, subgroup 
analyses were conducted based on NMO severity, categorized by the 
proportion of length of stay in the hospital and the hospitalization 
records.

3 Results

Table 1 presents the baseline characteristics of the study popula-
tion. Following PSM, the NMO and control cohorts were well-bal-
anced regarding demographic variables and CCI scores (p > 0.05). 
Notably, the NMO group exhibited a lower prevalence of diabetes and 
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COPD but a significantly higher frequency of hyperlipidemia, depres-
sion, anxiety, insomnia, and migraines compared to the control group.

Table 2 lists the adjusted HRs (aHRs) for CVD. After adjustment 
for relevant variables, NMO was associated with a significantly ele-
vated risk of CVD (aHR = 1.40, 95% CI = 1.11–1.77). Risk factors 
significantly contributing to CVD included male (aHR = 1.33, 95% 
CI = 1.07–1.64), advanced age, and higher CCI scores. Furthermore, 
patients with comorbid diabetes (aHR = 1.41, 95% CI = 1.08–1.86), 
hyperlipidemia (aHR = 1.46, 95% CI = 1.04–2.04), COPD 
(aHR = 1.60, 95% CI = 1.12–2.27), or sleep disorders (aHR = 1.33, 
95% CI = 1.01–1.74) demonstrated a higher risk to CVD events. 
Table 3 lists the aHRs for CBD. The association between NMO and 
CBD was particularly robust, with an aHR of 3.37 (95% CI = 2.69–
4.22). Age was a critical determinant; individuals aged 45 and older 
faced a 4.71-fold higher risk of CBD. Significant comorbid contribu-
tors to CBD risk included diabetes (aHR = 1.46, 95% CI = 1.06–2.02), 
hypertension (aHR = 1.42, 95% CI = 1.07–1.89), hyperlipidemia 
(aHR = 1.72, 95% CI = 1.21–2.45), and anxiety (aHR = 1.65, 95% 
CI = 1.15–2.37).

Table 4 illustrates the associations of NMO severity with CVD and 
CBD risk. Analysis by disease severity revealed that NMO patients 
with the highest hospitalization ratios faced the greatest risks for both 
CVD (aHR = 2.23, 95% CI = 1.27–3.17) and CBD (aHR = 7.01, 95% 
CI = 5.26–9.32). While CBD risk remained significant even among 
patients with mild or no hospitalization, the elevated risk for CVD was 
primarily confined to those with more severe disease. Table 5 presents 
the HRs for specific CVD and CBD conditions. Regarding specific 
events, NMO was significantly linked to ischemic stroke (aHR = 3.32, 

95% CI = 2.63–4.20), hemorrhagic stroke (aHR = 3.90, 95% 
CI = 2.74–5.55), and TIA (aHR = 2.21, 95% CI = 1.02–4.80). No sig-
nificant correlation was observed between NMOSD and acute myo-
cardial infarction, atrial fibrillation, coronary artery disease, or heart 
failure.

4 Discussion

In this large population-based cohort study, patients with ICD-
defined NMO had a clearly elevated risk of CBD, including ischemic 
stroke, hemorrhagic stroke, and TIA, among which hemorrhagic 
stroke posed the greatest risk. However, NMO did not increase the 
likelihood of CVD, including myocardial infarction, atrial fibrillation, 
coronary artery disease, and heart failure.

NMO has been reported worldwide and is associated with poor 
prognosis. NMO relapses typically worsen progressively over several 
days before reaching the peak clinical deficit and then gradually 
improving over the subsequent weeks or months. However, recovery 
is often incomplete, and many patients experience early cumulative 
disability due to frequent and severe relapses (20).

Although astrocytes maintain BBB integrity, polymorphonuclear 
leukocytes—not astrocyte loss—primarily drive BBB disruption. 
Consequently, leukocyte depletion restores BBB integrity, preventing 
astrocyte damage and permitting their repopulation (21). A recent 
study on neuromyelitis optica spectrum disorder (NMOSD) indicated 
that increased BBB permeability allows circulating AQP4 

FIGURE 1

The flowchart of participant selection. NMO, ICD-defined neuromyelitis optica.
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TABLE 1  Distribution of baseline characteristics after matching.

Variables Total Comparison NMO b p-value

N % N % N %

Total 8,256 100.00 6,880 100.00 1,376 100.00

Sexa 0.756

 � Female 6,261 75.84 5,222 75.90 1,039 75.51

 � Male 1,995 24.16 1,658 24.10 337 24.49

Age (year)a 0.999

 � <25 1,515 18.35 1,261 18.33 254 18.46

 � 25–34 1,674 20.28 1,395 20.28 279 20.28

 � 35–44 2,177 26.37 1,814 26.37 363 26.38

 � ≥45 2,890 35.00 2,410 35.03 480 34.88

Mean ± SD 41.55 ± 18.92 41.96 ± 19.58 39.52 ± 14.98

Insured salary 
(NTD)a 0.997

 � ≤21,000 2,082 25.22 1,735 25.22 347 25.22

 � 21,001–24,000 2,160 26.16 1,797 26.12 363 26.38

 � 24,001–40,100 2,031 24.60 1,694 24.62 337 24.49

 � ≥40,001 1,983 24.02 1,654 24.04 329 23.91

Urbanizationa 0.989

 � High 5,525 66.92 4,602 66.89 923 67.08

 � Medium 2,276 27.57 1,898 27.59 378 27.47

 � Low 455 5.51 380 5.52 75 5.45

CCI scorea, b 0.993

 � 0 4,404 53.34 3,670 53.34 734 53.34

 � 1 1,684 20.40 1,402 20.38 282 20.49

 � ≥2 2,168 26.26 1,808 26.28 360 26.16

Comorbidities

Diabetes mellitus <0.001

 � No 7,529 91.19 6,225 90.48 1,304 94.77

 � Yes 727 8.81 655 9.52 72 5.23

Hypertension 0.126

 � No 7,418 89.85 6,166 89.62 1,252 90.99

 � Yes 838 10.15 714 10.38 124 9.01

Hyperlipidemia <0.001

 � No 7,914 95.86 6,624 96.28 1,290 93.75

 � Yes 342 4.14 256 3.72 86 6.25

COPDb 0.003

 � No 7,921 95.94 6,581 95.65 1,340 97.38

 � Yes 335 4.06 299 4.35 36 2.62

Depression <0.001

 � No 8,163 98.87 6,823 99.17 1,340 97.38

 � Yes 93 1.13 57 0.83 36 2.62

Anxiety <0.001

 � No 7,879 95.43 6,622 96.25 1,257 91.35

 � Yes 377 4.57 258 3.75 119 8.65

(Continued)
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autoantibodies to infiltrate the central nervous system. The study also 
highlighted the role of glucose-regulated protein autoantibodies as 
BBB-reactive agents that contribute to antibody-induced BBB dys-
function (12).

The risk of CBD in patients with NMO remains insufficiently 
understood and investigated. Therefore, we examined whether CBD 
risk varied between individuals with ICD-defined NMO and a 
matched population without NMO in Taiwan. We observed an 
increased risk of various CBDs in patients with NMO, including 
ischemic stroke (aHR = 3.32), hemorrhagic stroke (aHR = 3.90), and 
TIA (aHR = 2.21), among which the highest risk was noted for hem-
orrhagic stroke. Previous pathological studies have demonstrated 
thickened and hyalinized small blood vessels and perivascular 
inflammation characterized by the deposition of IgG and comple-
ment within demyelinating lesions in NMOSD (22). Pathologies 
affecting small vessels can cause both ischemic and hemorrhagic 
outcomes. Moreover, inflammatory vascular markers associated with 
endothelial dysfunction are elevated in NMOSD during acute 
relapses, similar to observations reported in MS (23, 24). A case of 
NMOSD with recurrent intracranial hemorrhage was previously 
reported, suggesting a potential link between NMOSD and cerebel-
lar vascular dysfunction (25). Several cases of acute ischemic or 
hemorrhagic stroke have also been reported during intravenous 
high-dose steroid treatment (14, 15). In a Korean cohort study, 
stroke risk was higher in patients with NMOSD than in matched 
controls (16).

From a mechanistic perspective, NMOSD is characterized by sys-
temic inflammation and immune-mediated astrocytopathy, in which 
pathogenic AQP4-IgG binds to astrocytic AQP4 and promotes com-
plement-dependent astrocytic injury, a central pathological feature of 
AQP4-IgG–positive NMOSD (26, 27). These inflammatory pathways, 
together with complement activation, may contribute to vascular 
pathology by promoting endothelial dysfunction, vascular inflamma-
tion, and subsequent vascular injury (28). In addition, proinflamma-
tory cytokines and activated immune cells, including neutrophils, may 
promote a prothrombotic state through multiple mechanisms, includ-
ing upregulation of tissue factor expression, impairment of endoge-
nous anticoagulant pathways, and dysregulation of fibrinolysis (29). 
Neutrophil activation and the formation of neutrophil extracellular 
traps (NETs) may contribute to thrombosis by promoting platelet 
aggregation and activation of the coagulation cascade (30), thereby 
amplifying thromboinflammatory processes and facilitating throm-
bogenesis in NMOSD. These processes may collectively increase sus-
ceptibility to thrombotic events. Consistent with this biological 

plausibility, a nationwide cohort study from South Korea reported an 
increased risk of stroke among patients with NMOSD (16).

The relationship between CVD risk and NMO remains poorly 
understood and underexplored. To address this gap, we examined the 
association between NMO and CVD risk using data from Taiwan’s 
NHIRD. Patients with ICD-defined NMO in our cohort did not have 
a higher risk of myocardial infarction, atrial fibrillation, coronary 
artery disease, or heart failure. By contrast, in a previous cohort study 
conducted in Korea, the risk of myocardial infarction was elevated in 
both MS and NMOSD and remained similar between both conditions 
(17). Thus, the association between NMO and CVD risk remains 
unclear, highlighting the need for further investigation in large-scale 
studies.

In our sample, patients with certain comorbidities, including dia-
betes mellitus, hypertension, hyperlipidemia, and anxiety disorder, 
exhibited an increased risk of stroke. Additionally, stroke risk was 
higher among male and older patients. A study analyzing data from a 
U. S. insurance claims database revealed that several comorbidities, 
including hypertension and diabetes mellitus, were more common in 
patients with NMO than those without NMO (31). In another study 
of patients with NMO, elevated serum levels of low-density lipopro-
tein cholesterol were independently and positively associated with 
disease relapse (32). Patients exhibited a higher risk of developing 
diabetes mellitus than those with MS. However, this increased risk was 
primarily associated with prolonged or frequent steroid use, rendering 
the directness of the connection to NMO pathogenesis unclear. Severe 
disability in NMO has also been correlated with an elevated risk of 
diabetes mellitus (33). Previous studies indicated that autonomic dys-
function is commonly observed in both MS and NMOSD, involving 
cardiovascular, thermoregulation, and fatigue-related symptoms (34, 
35). Moreover, NMOSD-related disability and decreased mobility may 
exacerbate risk factors and promote a sedentary lifestyle, thereby 
increasing stroke risk. This phenomenon may explain why a higher 
incidence of stroke and stroke-related complications has sometimes 
been observed in patients with NMOSD. Additionally, depression, 
anxiety, and sleep disturbances are highly prevalent among individuals 
with NMOSD (36, 37).

In our sample, CBD risk was significantly associated with ICD-
defined NMO severity, and the highest risk was observed in patients 
with severe NMO. CBD risk was elevated in both hospitalized and 
nonhospitalized patients with NMO, although hospitalized patients 
exhibited a higher risk. A previous NMOSD study pointed out that 
most NMOSD patients experience frequent relapses that cause more 
severe, longer-lasting deficits than MS. Managing these flare-ups 

TABLE 1  (Continued)

Variables Total Comparison NMO b p-value

N % N % N %

Sleep disturbance <0.001

 � No 7,636 92.49 6,433 93.50 1,203 87.43

 � Yes 620 7.51 447 6.50 173 12.57

Migraine <0.001

 � No 8,204 99.37 6,852 99.59 1,352 98.26

 � Yes 52 0.63 28 0.41 24 1.74

aMatching variables.
bNMO, ICD-defined neuromyelitis optica; CCI, Charlson comorbidity index; COPD, chronic obstruction pulmonary disease.
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typically requires hospitalization and immunomodulatory therapy. 
However, readmission rates peak shortly after discharge, with half 
occurring within 13 days—primarily driven by neurological complica-
tions (50.2%) (38, 39).

Our findings revealed a higher risk of various CBDs in patients 
with ICD-defined NMO. However, patients with ICD-defined NMO 
in our sample did not have an increased risk of CVDs, such as myo-
cardial infarction, atrial fibrillation, coronary artery disease, or heart 
failure. Studies have suggested that AQP4 antibodies play a key role in 

NMOSD-related BBB dysfunction (12, 40, 41). In turn, antibody-
mediated BBB impairment in NMOSD (14) may make patients with 
NMOSD more susceptible to CBD than CVD. The present study 
found that patients with ICD-defined NMO have an increased risk of 
CBD, including ischemic stroke, TIA, and hemorrhagic stroke, which 
presents the highest risk. However, ICD-defined NMO does not 
appear to elevate CVD risk, including the risk of myocardial infarc-
tion, atrial fibrillation, coronary artery disease, and heart failure. Our 
findings highlight the need for medical professionals to recognize the 

TABLE 2  The incidence rate and risk of incident cardiovascular disease.

Variables Cardiovascular disease

No. of events (%) IRa aHR (95% CI)a p-value

Total 440 (5.33) 7.69

Patient cohort

 � Comparison 347 (5.04) 7.24 Reference

 � NMO a 93 (6.76) 10.02 1.40 (1.11–1.77) 0.005

Sex

 � Female 313 (5.00) 7.19 Reference

 � Male 127 (6.37) 9.28 1.33 (1.07–1.64) 0.009

Age (year)

 � <25 30 (1.98) 2.71 Reference

 � 25–34 64 (3.82) 5.12 1.89 (1.22–2.94) 0.005

 � 35–44 127 (5.83) 7.93 2.66 (1.78–3.98) <0.001

 � ≥45 219 (7.58) 12.46 3.58 (2.41–5.34) <0.001

Insured salary (NTD)

 � ≤21,000 145 (6.96) 8.21 Reference

 � 21,001–24,000 106 (4.91) 8.30 0.93 (0.72–1.20) 0.562

 � 24,001–40,100 80 (3.94) 5.79 0.71 (0.54–0.94) 0.017

 � ≥40,001 109 (5.50) 8.43 0.97 (0.75–1.25) 0.787

Urbanization

 � High 297 (5.38) 7.84 Reference

 � Medium 121 (5.32) 7.91 0.95 (0.70–1.28) 0.602

 � Low 22 (4.84) 7.27 0.71 (0.33–1.61) 0.451

CCI scorea

 � 0 156 (3.54) 4.95 Reference

 � 1 98 (5.82) 8.14 1.26 (0.97–1.64) 0.087

 � ≥2 186 (8.58) 13.67 1.88 (1.48–2.40) <0.001

Comorbidities

 � Diabetes mellitus 76 (10.45) 17.63 1.41 (1.08–1.86) 0.013

 � Hypertension 80 (9.55) 15.83 1.26 (0.97–1.64) 0.085

 � Hyperlipidemia 40 (11.70) 18.20 1.46 (1.04–2.04) 0.029

 � COPD a 36 (10.75) 16.62 1.60 (1.12–2.27) 0.009

 � Depression 8 (8.60) 12.18 1.04 (0.51–2.12) 0.918

 � Anxiety 30 (7.96) 10.89 1.05 (0.71–1.53) 0.821

 � Sleep disturbance 70 (11.29) 12.41 1.33 (1.01–1.74) 0.039

 � Migraine 5 (9.62) 12.59 1.72 (0.70–4.19) 0.234

aIR, incident rate per 1,000 person-year; aHR, adjusted hazard ratio; NMO, ICD-defined neuromyelitis optica; CCI, Charlson comorbidity index; COPD, chronic obstruction pulmonary 
disease.
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possibility of acute macrovascular events when patients with ICD-
defined NMO experience the sudden onset or worsening of new or 
existing symptoms.

However, these mechanistic interpretations should be approached 
with caution. The present study was based on administrative claims 
data from the NHIRD, which does not include biomarker, imaging, or 
laboratory information (e.g., inflammatory markers, coagulation pro-
files, or neuroimaging findings) necessary to directly evaluate these 
pathways. Therefore, the proposed mechanisms remain hypothetical 

and should be considered hypothesis-generating rather than confir-
matory. Importantly, without serological data regarding AQP4-IgG 
and MOG-IgG status, we could not distinguish between contempo-
rary definitions of NMOSD and MOGAD, nor could we further cat-
egorize patients by their specific clinical phenotypes (such as the 
presence of optic neuritis, longitudinal extensive transverse myelitis, 
or specific cerebral lesions). Given that NMO and MOGAD are now 
recognized as distinct immunological entities with different target 
cells, our reliance on historical, ICD-defined cohorts inherently 

TABLE 3  The incidence rate and risk of incident cerebrovascular disease.

Variables Cerebrovascular disease

No. of events (%) IRa aHR (95% CI)a p-value

Total 332 (4.02) 5.73

Patient cohort

 � Comparison 200 (2.91) 4.10 Reference

 � NMO a 132 (9.59) 14.44 3.37 (2.69–4.22) <0.001

Sex

 � Female 225 (3.59) 5.10 Reference

 � Male 107 (5.36) 7.74 1.59 (1.26–2.02) <0.001

Age (year)

 � <25 19 (1.25) 1.71 Reference

 � 25–34 35 (2.09) 2.78 1.58 (0.90–2.78) 0.113

 � 35–44 94 (4.32) 5.78 3.11 (1.89–5.11) <0.001

 � ≥45 184 (6.37) 10.24 4.71 (2.88–7.68) <0.001

Insured salary (NTD)

 � ≤21,000 107 (5.14) 5.96 Reference

 � 21,001-24,000 75 (3.47) 5.79 0.87 (0.65–1.18) 0.385

 � 24,001–40,100 78 (3.84) 5.63 0.97 (0.72–1.30) 0.824

 � ≥40,001 72 (3.63) 5.48 0.84 (0.62–1.14) 0.270

Urbanization

 � High 213 (3.86) 5.53 Reference

 � Medium 103 (4.53) 6.58 1.23 (0.87–1.74) 0.234

 � Low 16 (3.52) 4.27 0.82 (0.35–2.23) 0.610

CCI scorea

 � 0 128 (2.91) 4.03 Reference

 � 1 77 (4.57) 6.29 1.22 (0.91–1.64) 0.183

 � ≥2 127 (5.86) 9.13 1.49 (1.13–1.97) 0.005

Comorbidities

 � Diabetes mellitus 54 (7.43) 12.25 1.46 (1.06–2.02) 0.021

 � Hypertension 69 (8.23) 13.14 1.42 (1.07–1.89) 0.016

 � Hyperlipidemia 39 (11.4) 17.46 1.72 (1.21–2.45) 0.002

 � COPDa 12 (3.58) 5.21 0.66 (0.37–1.19) 0.166

 � Depression 8 (8.60) 12.17 1.23 (0.60–2.52) 0.568

 � Anxiety 36 (9.55) 12.92 1.65 (1.15–2.37) 0.006

 � Sleep disturbance 58 (9.35) 9.99 1.31 (0.97–1.76) 0.079

 � Migraine 5 (9.62) 12.67 2.03 (0.83–4.97) 0.121

aIR, incident rate per 1,000 person-year; aHR, adjusted hazard ratio; NMO, ICD-defined neuromyelitis optica; CCI, Charlson comorbidity index; COPD, chronic obstruction pulmonary 
disease.
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introduces population heterogeneity. Therefore, the proposed macro-
vascular mechanisms remain hypothetical and should be considered 
hypothesis-generating rather than confirmatory.

The lack of smoking and BMI data might lead to an overestima-
tion of the risk (positive bias), as these factors are prevalent in patients 
with chronic inflammatory conditions. To address the potential detec-
tion bias, we utilized relevant clinical diagnoses as surrogate variables. 
For example, COPD was used as an indicator of heavy smoking, while 
hypertension, dyslipidemia, and diabetes were included to address 
metabolic risks. As highlighted in Tables 2, 3, these comorbidities 
emerged as significant predictors of CVD and CBD, demonstrating 
that our model effectively accounted for the influence of established 
risk factors. Furthermore, adjustments were made for the CCI score 
and key comorbidities, which reflect both the patients’ overall health 
status and their interaction frequency with the healthcare system.

This population-based cohort study has several notable strengths. 
First, we employed a nationwide, population-based design, selecting 
patients from the entire Taiwanese population and monitoring them 
over an extended follow-up period. This methodology provided a 
large, representative sample with substantial statistical reliability and 
reduced the selection bias prevalent in observational research. 
Additionally, the large sample size allowed for subgroup stratification 
during statistical analysis, enabling us to thoroughly evaluate the 

effects of NMOSD on the risk of macrovascular events. Second, in 
Taiwan, insurance claims for in-hospital treatments are stringently 
monitored and audited under the NHI system. This rigorous surveil-
lance program improves the reliability of diagnoses derived from 
insurance claims. Third, all patients with NMOSD and age- and gen-
der-matched controls were selected from a nationally representative 
dataset.

This study also has several limitations. Therefore, certain con-
founding variables may not have been properly controlled for in this 
study. First, we were unable to collect data on factors associated to the 
risk of macrovascular events, including smoking status, alcohol use, 
body mass index, physical activity, personal medical history, disease 
activity, and disease duration. Second, a major limitation inherent to 
the claims-based nature of the NHIRD is the lack of detailed labora-
tory, serological, and neuroimaging data. Consequently, we could not 
classify patients by their immunological subtypes (e.g., AQP4-IgG vs. 
MOG-IgG status) or further categorize them by clinical phenotypes, 
such as the presence or absence of optic neuritis, longitudinally exten-
sive transverse myelitis (LETM), or specific cerebral lesions. Crucially, 
our study period spanned from 2003 to 2020, capturing patients based 
on ICD-9-CM and ICD-10-CM administrative codes before the for-
mulation of the 2023 international diagnostic criteria for 
MOGAD. Therefore, our cohort reflects an administrative and 

TABLE 5  Risk of incident each cardiovascular and cerebrovascular disease.

Variables Comparison NMOa NMO vs. Comparison (ref.)

No. of events 
(%)

IRa No. of events 
(%)

IRa aHR (95% 
CI)b

p-value

Cardiovascular disease

 � AMI a 26 (0.38) 0.53 5 (0.36) 0.51 1.21 (0.46–3.19) 0.707

 � Atrial fibrillation 34 (0.49) 0.69 5 (0.36) 0.51 0.75 (0.29–1.95) 0.560

 � Coronary artery disease 294 (4.27) 6.11 68 (4.94) 7.25 1.18 (0.90–1.54) 0.230

 � Heart failure 91 (1.32) 1.85 23 (1.67) 2.38 1.48 (0.93–2.36) 0.102

Cerebrovascular disease

 � Ischemic stroke 184 (2.67) 3.77 122 (8.87) 13.24 3.32 (2.63–4.20) <0.001

 � Hemorrhagic stroke 74 (1.08) 1.50 58 (4.22) 6.10 3.90 (2.74–5.55) <0.001

 � TIA a 21 (0.31) 0.42 10 (0.73) 1.03 2.21 (1.02–4.80) 0.045

aNMO, ICD-defined neuromyelitis optica; IR, incident rate per 1,000 person-year; AMI, acute myocardial infarction; TIA, transient ischemic attack.
baHR, adjusted hazard ratio. Adjustment for sex, age, insured salary, urbanization, CCI score, and all comorbidities.

TABLE 4  Subgroup analysis by the severity of ICD-defined neuromyelitis optica.

Variables Cardiovascular disease Cerebrovascular disease

aHR (95% CI)a p-value aHR (95% CI) a p-value

By the total length of hospital stay

 � Mild 1.21 (0.87–1.69) 0.262 2.48 (1.80–3.42) <0.001

 � Moderate 0.98 (0.60–1.60) 0.933 1.63 (0.99–2.68) 0.057

 � Severe 2.23 (1.27–3.17) <0.001 7.01 (5.26–9.32) <0.001

By stratification with hospitalization

 � Without hospitalization 1.41 (0.92–2.16) 0.119 3.23 (2.20–4.73) <0.001

 � With hospitalization 1.40 (1.08–1.82) 0.012 3.41 (2.67–4.36) <0.001

aaHR, adjusted hazard ratio. Adjustment for sex, age, insured salary, urbanization, CCI score, and all comorbidities.
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historical definition of NMO/NMOSD, which likely contains indi-
viduals who would currently be diagnosed with MOGAD rather than 
NMOSD. Nevertheless, prior epidemiological studies in Asian popula-
tions indicate that AQP4-IgG seropositivity accounts for the vast 
majority (approximately 70–80%) of cases historically coded as NMO, 
whereas MOGAD represents a small fraction (42). Although this het-
erogeneity is likely non-differential for macrovascular outcomes, 
whether distinct clinical presentations carry varying risks remains 
unclear. Future prospective cohorts incorporating precise clinic-
immunological, imaging, and molecular classifications are warranted 
to confirm these associations.
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