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Serum homocysteine levels
predict poor recovery and relapse
In first-attack myelin
oligodendrocyte glycoprotein
antibody disease

Yanfei Li and Yanjie Jia*

Department of Neurology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Background and objective: Myelin oligodendrocyte glycoprotein antibody
disease (MOGAD) is an inflammatory demyelinating disease with a high risk
of recurrence and progressive disability, and it is crucial to find sensitive and
reliable biomarkers for prognosis and the early prediction of relapse. In the study
we investigated whether serum homocysteine (Hcy) levels are associated with a
poor prognosis or risk of relapse in patients with first-attack MOGAD.

Methods: We enrolled patients diagnosed as having first-attack MOGAD
between January 2019 and December 2024 in this retrospective study. Clinical
data and initial Expanded Disability Status Scale (EDSS) scores were collected
and analyzed. Clinical outcomes were measured using the final EDSS score and
relapse events. We used logistic regression models and Cox regression analysis
to determine the association between Hcy levels and clinical recovery and
relapse.

Results: Seventy patients (female, n = 36; male, n = 34) with first-attack MOGAD
were included in this study. The final EDSS scores (p = 0.015) and relapse rates
(p = 0.039) were higher in the high Hcy group than in the normal Hcy group.
Multivariate analysis results indicated that Hcy levels [odds ratio (OR) 1.126;
95% confidence interval (Cl) 1.005-1.261, p = 0.04] and the initial EDSS scores
(OR 2.017, 95% CI 1.266-3.214, p = 0.003) were independent risk factors for
predicting poor recovery. Kaplan—Meier survival analysis showed that Hcy levels
were a predictor of relapse in patients with MOGAD (log-rank test p = 0.029).
The results of the multivariate Cox proportional hazards model indicated that
Hcy levels [hazard ratio (HR) 1.088, 95% Cl 1.020-1.161, p = 0.011] were related
to MOGAD relapse.

Conclusion: We identified Hcy levels as an independent risk factor for predicting
poor clinical recovery in patients with first-attack MOGAD. Hcy levels were also
significantly associated with the relapse of MOGAD.
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1 Introduction

Myelin oligodendrocyte glycoprotein antibody disease (MOGAD)
is an autoimmune inflammatory demyelinating disorder of the central
nervous system (CNS) characterized by the presence of myelin
oligodendrocyte glycoprotein (MOG) antibodies (1). MOG is a
component of the CNS myelin sheath localized on the outermost layer
of the oligodendrocyte, where it plays a critical role in the regulation
of oligodendrocyte microtubule stability and adhesion of myelin
fibers. MOG antibodies can induce myelin sheath and oligodendrocyte
destruction, leading to inflammatory demyelination of the CNS (2).
The majority of patients with MOGAD present with acute
disseminated encephalomyelitis (ADEM), transverse myelitis (TM),
recurrent optic neuritis (ON), neuromyelitis optica spectrum
disorders (NMOSD) and cortical encephalitis. The disease course of
MOGAD can be either monophasic or relapsing. A relapsing event
disease course has been reported in 44-83% of patients, with residual
disability due to relapse in 50-80% of these patients (3, 4). As many
patients experience the adverse consequences of relapse and residual
disability due to MOGAD, identification of reliable and sensitive
biomarkers for predicting the prognosis of MOGAD is necessary. The
presence of such biomarkers can indicate when proactive measures
should be taken to prevent relapse and improve the prognosis
of MOGAD.

Homocysteine (Hcy) is a nonessential sulfur-containing amino
acid, derived from methionine metabolism, that depends on levels of
maintained folate, vitamin B12, and vitamin B6 (5). Elevated Hcy
levels can cause oxidative stress and mitochondrial dysfunction by
increasing reactive oxygen species production and can promote
excitotoxicity via stimulation of N-methyl-D-aspartate receptors
(NMDARs), which induces neuronal injury and apoptosis (6-8).
Previous studies showed that MOGAD may be more likely than
NMOSD to co-exist with anti-NMDAR encephalitis (9).

Studies associating serum Hcy levels with the prognosis of
multiple sclerosis (MS) and neuromyelitis optica spectrum disorders
(NMOSDs) have been reported (10, 11); however, few studies have
reported on the potential role of Hey in predicting the prognosis and
relapse of MOGAD (12). As MOGAD, NOMSD and MS are
inflammatory demyelinating diseases of the central nervous system,
therefore we investigated the possible association between Hcy levels
and prognosis and relapse risk of first-attack MOGAD in the study.

2 Materials and methods
2.1 Participants

We retrospectively enrolled patients diagnosed with MOGAD at
the First Affiliated Hospital of Zhengzhou University from January 2019

Abbreviations: Cl, confidence interval; CNS, central nervous system; EDSS,
Expanded Disability Status Scale; Hcy, homocysteine; HR, hazard ratio; MOG,
myelin oligodendrocyte glycoprotein; MOGAD, myelin oligodendrocyte
glycoprotein antibody disease; MS, multiple sclerosis; NMDAR, N-methyl-D-
aspartate receptors; NMOSD, neuromyelitis optica spectrum disorders; OR, odds
ratio; TIWI, T1-weighted image; T2WI, T2-weighted image.
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to December 2024 in this study. MOGAD was diagnosed based on the
2023 International Consensus Diagnostic Criteria for MOGAD (13).

The inclusion criteria were as follows: (1) patients seropositive for
MOG antibodies, as detected by a live cell-based assay (CBA) using
HEK293 cells expressing full-length human MOG with a secondary
antibody to human IgGl and (2) patients with confirmed first-
attack MOGAD.

The exclusion criteria were as follows: (1) coexistence of other
diseases that may affect the Expanded Disability Status Scale (EDSS)
score; (2) coexistence of diseases involving renal dysfunction, vitamin
B12 dysfunction, hypothyroidism, or hemolysis; (3) treatment with an
Hcy-lowering drug before admission; (4) use of drugs affecting Hcy
levels, such as isoniazid, phenytoin, levodopa, medroxyprogesterone,
and others, before admission (14); (5) use of corticosteroids or
immunosuppressive therapies in the 6 months before admission; (6)
incomplete data; and (7) missing follow-up data. The detailed selection
process is shown in Figure 1.

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Zhengzhou University (2023-KY-0398) and
was conducted according to the principles of the Declaration
of Helsinki.

2.2 Data collection and treatment

Clinical data, including age at disease onset, sex, comorbidities,
treatments, laboratory test results, and cerebrospinal fluid (CSF)
analysis results at admission, were collected. The EDSS scores at
admission and follow-up were set as the initial EDSS scores and final
EDSS scores, respectively, and were evaluated by an experienced
neurologist according to the method previously reported (15).

Hospital-based electronic medical
record screened (n=101)

31 patients excluded
®  Not first-attack patients (n=9)
® Coexistence of other diseases that may affect the EDSS
(n=1)
® Corticosteroids or immunosuppressive therapy in the 6

score

months before admission (n=3)
® Coexistence of diseases involving renal dysfunction,
vitamin B12 dysfunction, hypothyroidism, or hemolysis
(n=1)
®  Use of drugs that may affect Hey levels (n=1)

Incomplete data at admission (n=7)
®  Missing follow-up data (n=9)

70 patients included

FIGURE 1
Overview of the patient selection process.
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Follow-up data were obtained via annual clinic visits or telephone
interviews every 3 months. The last follow-up date was March
31, 2025.

Blood samples were collected from patients after an overnight
fasting period (from 7:00 am to 8:00 am the next day and before the
administration of any treatments). Patients were tested for MOG
antibodies using a cell-based assay. Hcy levels were detected by an
(Roche
Hyperhomocysteinemia (high hcy group) was defined as an Hcy

automated chemistry analyzer Group, Sweden).
concentration >15 pmol/L (16, 17). Serum folic acid and vitamin B12
levels were detected by chemiluminescent immunoassay on the
Maglumi 2000 Plus analyzer (Shenzhen New Industries Biomedical
Engineering Company Limited, China). Tests were conducted in
accordance with the manufacturer’s protocols; the examiners were

blinded to the patients’ diagnoses and clinical symptoms.

2.3 Imaging data

MRI scans were performed using a 3.0 T scanner (Philips
Healthcare, Amsterdam, Netherlands). Sagittal T1-weighted images
(TIWIs); axial TIWIs; T2-weighted images (T2WTs); axial/sagittal fast
fluid-attenuated inversion recovery images; axial diffusion weighted
images; apparent diffusion coefficient mapped images; contrast-
enhanced axial, coronal, and sagittal TIWIs of the brain were
analyzed. And sagittal TIWTs, sagittal T2WTs, axial T1WIs, and axial
T2WTIs of the spine were analyzed. Gadolinium glutamine was injected
as the contrast agent.

2.4 Clinical outcomes

The clinical outcomes of the study were disability—according to
the final EDSS score—and relapse event—at the last follow-up. The
final EDSS score was converted into categorical variables. To explore
the association between Hcy levels and clinical outcomes, patients
who exhibited different final EDSS scores were divided into two
groups. Patients with an EDSS score >3 were defined as having a poor
recovery, while those with an EDSS score <3 were defined as having
a good recovery. Relapse was defined as the presence of new-onset or
recurrent neurological symptoms lasting for >24 h and resulting in an
increase in the EDSS score of >0.5 points from the patients
lowest score.

2.5 Statistical analyses

Normally distributed, continuous data are presented as
meanztstandard deviation. Continuous data with a non-normal
distribution are presented as median (interquartile range). The
Kolmogorov-Smirnov test was used to test the normality of the
continuous data. Categorical variables are expressed as frequencies
(percentages, %). The differences between groups were analyzed using
the Students t-test and Wilcoxon test, for normally and non-normally
distributed data, respectively. Categorical data were compared using
the chi-square test when comparing numbers >5 or Fisher’s exact test
when comparing numbers <5. Univariate logistic regression analysis
was used to screen factors that might affect recovery in first-attack
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MOGAD. Variables with a significance level of p < 0.1 in the univariate
logistic regression analysis were included in the basic multivariate
logistic regression analysis model. Variables with p <0.1 in the
univariate logistic regression analysis or variables that may have had
an impact on the final EDSS scores (including age at onset, sex, and
initial EDSS scores) and factors that could affect Hcy levels (including
levels of folic acid and vitamin B12) were included in the adjusted
multivariate logistic regression analysis model to analyze the
independent effects of Hey levels on recovery. The correlation between
Hcy levels and final EDSS scores was analyzed using Spearman’s
correlation analysis. Kaplan-Meier analysis was performed to analyze
the effect of Hcy levels on the timing of MOGAD relapse. A univariate
Cox proportional hazards model was used to screen variables that
might affect relapse in first-attack MOGAD. Variables with a
significance level of p < 0.1 in the univariate Cox regression analysis
were included in the basic multivariate Cox regression analysis model.
Variables with p < 0.1 in the univariate Cox regression analysis or
variables that may have had an impact on relapse (including age at
onset, sex, and initial EDSS scores) and factors that could affect Hcy
levels (including levels of folic acid and vitamin B12) were included in
the adjusted multivariate Cox regression analysis model to analyze the
independent effects of Hcy levels on relapse.

All statistical analyses were performed using SPSS (version 26.0;
IBM, Armonk, NY, USA) and the diagram was generated with
GraphPad Prism 8. Statistical significance was set at p < 0.05.

3 Results

3.1 Demographics and clinical
characteristics of patients

After inspecting the database of the First Affiliated Hospital of
Zhengzhou University between January 2019 and December 2024, 101
patients were diagnosed as having MOGAD, with 70 patients meeting
the inclusion criteria. Patients were divided into two groups according
to serum Hcy levels: the high Hcy group (serum Hcy levels
>15 pmol/L; n = 33) and the normal Hcy group (serum Hcy levels
<15 pmol/L; n = 37). We compared the demographic and clinical
characteristics of the two groups. As shown in Table 1, we found no
differences in age, smoking status, alcohol use, and the prevalence of
comorbidities—including hypertension, diabetes, coronary heart
disease, anxiety/depression, malignancy, trauma, and autoimmune
diseases—between the two groups (p > 0.05). The proportion of males
and serum Hcy levels were higher, and folic acid levels were lower, in
the high Hcy group than in the normal Hcy group (p < 0.05).

As shown in Table 2, no differences were found between the
groups in intracranial pressure, proportion of brain lesions, optic
nerve involvement, and spinal cord lesion segments, nor were
differences found between the groups in levels of leukocytes,
erythrocytes, hemoglobin, alanine aminotransferase, creatine, total
cholesterol, triglycerides, high-density lipoprotein, low-density
lipoprotein, cerebrospinal fluid leukocytes, or cerebrospinal fluid
proteins (p > 0.05).

Initial EDSS scores were higher in the high Hcy group than in the
normal Hcy group (p = 0.038). Patients received different treatments,
including corticosteroids, immunoglobulin, and immunosuppressants
(azathioprine, mycophenolate mofetil, and methotrexate), according
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TABLE 1 Demographics and clinical characteristics of patients.

All patients High Hcy group Normal Hcy group p-value
(n=70) (n =33) (n=37)
Age at onset 26.64 £ 18.00 27.58 £20.17 25.81 £16.07 0.685
Sex, male, 1 (%) 34 (48.6) 21 (63.6) 13 (35.1) 0.017
Smoking, 1 (%) 8(11.4) 3(9.1) 5(13.5) 0.714
Drinking, n (%) 4(5.7) 1(3.0) 3(8.1) 0.616
Hypertension, 1 (%) 3(4.3) 3(9.1) 0 0.100
Diabetes, 1 (%) 1(1.4) 0 1(2.7) 1.000
Coronary heart disease, n (%) 3(4.3) 2(6.1) 1(2.7) 0.599
Cerebrovascular disease, 1 (%) 0 0 0 1.000
Anxiety/depression, n (%) 2(2.9) 1(3.0) 1(2.7) 1.000
Malignancy, n (%) 1(1.4) 1(3.0) 0 0.471
Trauma, 1 (%) 1(1.4) 0 1(2.7) 1.000
Autoimmune diseases, 1 (%)
Sjogren syndrome 1(1.4) 0 1(2.7) 1.000
Thyroid disease 5(7.1) 3(9.1) 2(5.4) 0.661
Treatment, n (%)
Corticosteroid 66 (94.3) 32(97.0) 34(92.0) 0.361
Intravenous immunoglobulin 14 (20) 6(18.2) 8(21.6) 0.719
Immunosuppressant 11 (15.7) 5(15.2) 6(16.2) 0.903
Azathioprine 4 (5.7) 1(3.0) 3(8.1) 0.616
Mycophenolate mofetil 6 (8.6) 3(9.1) 3(8.1) 0.661
Methotrexate 1(1.4) 0 1(2.7) 1.000
Initial EDSS, medians (interquartile ranges) 4(3,6) 4.5(3.25,6.5) 3.5(2.5,5) 0.038
Final EDSS, medians (interquartile ranges) 2(1,2.625) 2(1,3.75) 1(0.5,2) 0.015
Outcomes, poor recovery, 1 (%) 14 (20) 9(27.3) 5(13.5) 0.151
Follow-up interval (months) 17 (15, 26) 18 (15, 26) 16.5 (14, 28) 0.588
Relapse, 1 (%) 15 (21.4) 11(33.3) 4(10.8) 0.039

Data are presented as means + standard deviations, numbers (percentages), or medians (interquartile ranges).
Hcy, homocysteine; EDSS, Expanded Disability Status Scale; IQR, interquartile range. *p < 0.05.

TABLE 2 Laboratory and imaging data of patients.

All patients High Hcy group ~ Normal Hcy group p-value

(n =70) (n = 33) (n=37)
Homocysteine levels (pmol/L) 15.61 £7.95 21.56 £ 7.77 10.29 +2.44 0.000
Folic acid (ng/mL) 7.51+3.97 5.40 +2.96 9.40 + 3.82 0.000
Vitamin B12 (pg/mL) 592.77 +393.35 516.20 + 354.52 661.07 £417.94 0.125
Leukocyte counts, median (IQR) (x10°/L) 8.39 (6.51, 11.14) 8.26 (5.54, 10.96) 8.78 (6.73, 11.60) 0.960
Erythrocyte counts, median (IQR) (x10'%/L) 4.38 (4.05, 4.75) 4.46 (4.11, 4.86) 4.29 (3.96, 4.58) 0.067
Hemoglobin, median (IQR) (g/L) 128 (118.08, 142.68) 128 (122.25, 142) 126 (117.5, 142.75) 0.743
ALT 15 (9, 25) 15(9,29.5) 14 (9, 21.5) 0.908
Creatine 55 (40.75,66.25) 58 (40, 67) 54 (43, 66) 0.953
Total cholesterol (mmol/L) 3.80+0.96 3.76 £ 0.99 3.84+0.94 0.714
Triglycerides (mmol/L) 1.24 £0.81 1.25+0.58 1.23£0.97 0.912
High-density lipoprotein (mmol/L) 1.19 £0.32 1.24+0.35 1.15£0.30 0.213
Low-density lipoprotein (mmol/L) 2.29+0.71 2.30 £0.70 2.29+0.73 0.961
Intracranial pressure (mmH,0) 160 (135, 180) 170 (14.5, 200) 155 (120, 175) 0.298
CSF leukocyte counts (x10°/L) 12 (4,32) 14 (4, 36.5) 11 (4.5, 31) 0.985
CSF protein concentration (mg/L) 309.4 (234.55, 392.18) 310.2 (248.1, 384.9) 309 (226.2, 395.5) 0.489
Brain lesion, #n (%) 48 (68.6) 21 (63.6) 27 (73.0) 0.401
Optic nerve involvement, n (%) 11 (15.7) 7(21.2) 4(10.8) 0.233
Spinal cord lesion segments, medians 0 (0, 4.25) 0(0,7.5) 0 (0, 3.25) 0.521
(interquartile ranges)
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to their clinical symptoms and financial situations. There were no
significant differences in these parameters between the groups.

3.2 Hcy levels were associated with poor
clinical recovery in patients with
first-attack MOGAD

We found that the final EDSS scores were higher in the high Hcy
group than in the normal Hey group, indicating higher levels of disability
in the high Hey group (p =0.015) (Figure 2A). Univariate analysis
indicated that serum Hcy levels [odds ratio (OR) 1.124, 95% confidence
interval (CI) 1.042-1.212, p = 0.002] and initial EDSS scores (OR 1.873,
95% CI 1.320-2.658, p=0.000) were associated with poor clinical
recovery (Table 3). In the basic multivariate logistic regression analysis
model, Hey levels (OR 1.104, 95% CI 1.010-1.206, p = 0.029) and initial
EDSS scores (OR 1.825, 95% CI 1.240-2.686, p = 0.002) were related to
poor clinical recovery of MOGAD. In the adjusted model, Hcy levels
(OR 1.126; 95% CI 1.005-1.261, p = 0.04) and initial EDSS scores (OR
2.017,95% CI 1.266-3.214, p = 0.003) remained associated with poor
clinical recovery of MOGAD (Table 4). With Spearman’s correlation
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FIGURE 2

Association between Hcy levels and clinical recovery. (A) Final EDSS
scores were higher in the high Hcy group than in the normal Hcy
group (p < 0.05). (B) Hcy levels were positively correlated with the
final EDSS scores (p < 0.05). EDSS, Expanded Disability Status Scale;
Hcy, homocysteine. *p < 0.05.
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TABLE 3 Univariate logistic regression analysis of potential risk factors
that may predict poor clinical recovery in patients with first-attack
MOGAD.

Variables Univariate analysis p-value
OR (95% CI)
Age at onset 1.012 (0.98, 1.044) 0.474
Sex, male 3.333(0.932, 11.924) 0.064
Initial EDSS 1.873 (1.320, 2.658) 0.000
Homocysteine levels 1.124 (1.042, 1.212) 0.002*
Folic acid 0.896 (0.754, 1.064) 0.209
Vitamin B12 1.000 (0.999, 1.002) 0.648

MOGAD, myelin oligodendrocyte glycoprotein antibody disease; OR, odds ratio; CI,
confidence interval; EDSS, Expanded Disability Status Scale. *p < 0.05.

analysis, we found that Hey levels (r = 0.03397; p = 0.004) were positively
correlated with final EDSS scores (Figure 2B).

3.3 Association between Hcy levels and
relapse in patients with first-attack MOGAD

There were 15 cases relapsed in the study. Among these relapsed
cases, 6 cases presented with myelitis, 2 cases presented with optic
neuritis, 5 cases presented with brain lesions and 2 cases presented
with encephalomyelitis.

The relapse rate was higher in the high Hcy group than in the
normal Hcy group (p=0.039) (Table 1). Kaplan-Meier survival
analysis (Figure 3) showed that Hcy levels were a predictor of relapse
in patients with MOGAD (log-rank test p = 0.029). Univariate analysis
indicated that serum Hcy levels [hazard ratio (HR) 1.091, 95% CI
1.040-1.145, p = 0.000], age (HR 0.964, 95% CI 0.932-0.997, p = 0.034),
and sex (HR 3.264, 95% CI 1.029-10.355, p = 0.045) were associated
with the relapse of MOGAD (Table 5). In the basic multivariate Cox
proportional hazards model, Hcy levels (HR 1.062, 95% CI 1.009-
1.119, p = 0.022) were related to the relapse of MOGAD. In the adjusted
model, Hey levels (HR 1.088, 95% CI 1.020-1.161, p = 0.022) remained
related to the relapse of MOGAD (Table 6), which indicated that Hcy
levels may be a risk factor for predicting relapse.

4 Discussion

MOGAD, a serious autoimmune disorder involving antibodies
against MOG, causes high rates of disability and relapse, and
predominantly affects the optic nerve and spinal cord (18). Even now,
reliable predictors of MOGAD are limited. The present retrospective
analysis explored a potential risk factor that may help predict the
outcomes of patients with first-attack MOGAD. We found that patients
in the high Hcy group experienced a worse recovery along with a
higher relapse rate than those in the normal Hcy group. Therefore, Hcy
levels may be a risk factor for predicting the prognosis and relapse of
MOGAD. To exclude the effects of previous treatments—such as
glucocorticoids, immunoglobulin, and immunosuppressants—and
accurately calculate the relapse rate during the follow-up, we focused
only on patients diagnosed with first-attack MOGAD.

The mean age at onset of MOGAD in this study was 26.64 years,
consistent with that in previous reports (19, 20). Unlike the higher
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TABLE 4 Multivariate logistic regression analysis of potential risk factors that may predict clinical recovery in patients with first-attack MOGAD.

Variables Multivariate analysis
2Basic model bAdjust | model
OR (95% Cl) p-value OR (95% Cl) p-value

Age 1.006 (0.967, 1.046) 0.776
Sex, female 2.473 (0.541, 11.304) 0.243 3.024 (0568, 16.081) 0.194
Initial EDSS 1.825 (1.240, 2.686) 0.002 2.017 (1.266, 3.214) 0.003*
Homocysteine levels 1.104 (1.010, 1.206) 0.029 1.126 (1.005, 1.261) 0.04%*
Folic acid 0.998 (0.782, 1.272) 0.984
Vitamin B12 1.002 (1.000, 1.004) 0.058

MOGAD, myelin oligodendrocyte glycoprotein antibody disease; OR, odds ratio; CI, confidence interval; EDSS, Expanded Disability Status Scale. *p < 0.05.

“Basic model: variables with p < 0.1 in the univariate logistic regression analysis were included in the multivariate model.

"Adjusted I model: variables with p < 0.1 in the univariate logistic regression analysis or variables which may have an impact on the final EDSS score (including age at onset, sex, and initial
EDSS score), and factors that affect Hcy levels (including folic acid and vitamin B12) were included in the adjusted model.
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FIGURE 3
Kaplan—Meier analysis indicating the cumulative proportions of patients without relapse in the high Hcy group and normal Hcy group. Hey,
homocysteine.

TABLE 5 Univariate Cox proportional hazards models of potential risk factors that may predict relapse in patients with first-attack MOGAD.

Variables Univariate analysis
HR (95% CI)

Age 0.964 (0.932, 0.997) 0.034
Sex, female 3.264 (1.029, 10.355) 0.045
Initial EDSS 0.905 (0.691, 1.186) 0.469
Homocysteine levels (pmol/L) 1.091 (1.040, 1.145) 0.000
Folic acid (ng/mL) 0.887 (0.768, 1.025) 0.104
Vitamin B12 (pg/mL) 0.999 (0.998, 1.001) 0.274

MOGAD, myelin oligodendrocyte glycoprotein antibody disease; HR, Hazard ratio; CI, confidence interval; EDSS, Expanded Disability Status Scale. *p < 0.05.

proportion of females reported among patients with NMOSD, the  on this standard, we divided patients into either the high Hcy group

female-to-male ratio among our patients with MOGAD was  or the normal Hcy group.

approximately 1:1. Hyperhomocysteinemia usually arises from genetic mutations of
We defined hyperhomocysteinemia as a high Hey (>15 pmol/L)  the enzymes involved in Hcy metabolism or from nutritional

level in the blood, in accordance with previous definitions (21). Based  deficiencies of folate, vitamin B6, and vitamin B12 (22). Here, the folic
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TABLE 6 Multivariate logistic regression analysis of potential risk factors that may predict relapse in patients with first-attack MOGAD.

Variables

2Basic model

Multivariate analysis

bAdjust | model

HR (95% Cl) p-value HR (95% Cl) p-value
Age 0.976 (0.942, 1.011) 0.173 0.975 (0.933, 1.018) 0.253
Sex, female 2.500 (0.756, 8.265) 0.133 2.187 (0.656, 7.0.283) 0.203
Initial EDSS 0.816 (0.586, 1.136) 0.229
Homocysteine levels 1.062 (1.009, 1.119) 0.022% 1.088 (1.020, 1.161) 0.011*
Folic acid 1.034 (0.882, 1.212) 0.681
Vitamin B12 0.999 (0.997, 1.001) 0.245

MOGAD, myelin oligodendrocyte glycoprotein antibody disease; HR, Hazard ratio; CI, confidence interval; EDSS, Expanded Disability Status Scale. *p < 0.05.
“Basic model: variables with p < 0.1 in the univariate logistic regression analysis were included in the multivariate model.

Adjust I model: variables with p < 0.1 in the univariate logistic regression analysis or variables which may have an impact on the relapse (including age at onset, sex and initial EDSS scores),

and factors that affect Hcy levels (including folic acid and vitamin B12) were included in the adjusted model.

acid levels were lower in the high Hcy group than in the normal Hey
group, which indicated that folic acid deficiency may increase the risk
of hyperhomocysteinemia.

Many studies have investigated the association between Hcy and
CNS neurodegenerative disorders and autoimmune demyelinating
diseases (23, 24). Some have reported that patients with MS exhibit
higher Hcy levels than healthy controls (10, 25). One previous study
indicated that patients with MS with hyperhomocysteinemia
showed a more advanced disease progression than patients with MS
without hyperhomocysteinemia, demonstrating an association
between elevated Hcy levels and disability (26). In our previous
study, Hcy levels were identified as a predictor of both relapse and
prognosis in patients with first-attack NMOSD (11). In addition,
Hcy levels were significantly higher in patients with acute-phase
NMOSD with an EDSS score >4 than in patients with an EDSS <4,
which indicates that increased Hcy has the potential to affect the
pathogenesis or progression of NMOSD (5). In the current study,
we found that Hcy levels were an independent risk factor for
predicting clinical recovery in patients with first-attack MOGAD
and that Hcy levels
relapsing MOGAD.

The full impact of Hey on the clinical outcomes of MOGAD is still
not entirely clear. A previous study described a frequent association
between MOGAD and NMDAR encephalitis. MOG antibodies were
detected in 9/23 patients diagnosed with NMDAR encephalitis (27),
indicating a relatively high overlap between NMDAR antibodies and
MOGAD. Another study showed that 11.9% patients with MOGAD
and 0.6% patients with NMOSD had overlapping NMDAR antibodies.
MOGAD maybe more likely than NMOSD to co-exist with anti-
NMDAR encephalitis. MOGAD may be more likely than NMOSD to
co-exist with NMDARs. MOG antibodies could cause rapid f-tubulin
dephosphorylation and disturb the cytoskeletal structure stability and

were significantly associated with

microtubular polymerization of oligodendrocytes, thus leading to
oligodendrocytopathy (28). Prior reports identified the existence of
functional NMDARs on oligodendrocytes, which are activated under
pathological conditions (29-32). Another study also showed NMDA
receptor subunit expression on oligodendrocyte processes, and the
presence of NMDA receptor subunit messenger RNA in isolated white
matter (33).

Hcy is directly toxic to vascular endothelium. Hcy and its
metabolites are excitatory agonists of the NMDAR. NMDA receptor
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activation resulted in rapid Ca2*-dependent detachment and
disintegration of oligodendroglial processes in the white matter of
mice expressing green fluorescent protein (GFP) specifically in
oligodendrocytes. Besides, the overstimulation of NMDAR can cause
excitotoxicity, increased production of free radicals, activation of
caspases, and overloading of intracellular calcium, ultimately
inducing neuronal injury and apoptosis (34, 35). Hcy may also induce
structural instability and degeneration of the myelin sheath through
inhibition of methyl donors, adversely affecting disease progression
(7, 8). Furthermore, vitamin B12 and folate supplementation can
decrease serum Hcy levels in patients with MS, improving both the
physical and the mental aspects of their quality of life (36). We thus
speculate that vitamin B12 and folate supplementation may
contribute to better clinical outcomes in patients with MOGAD who
have high Hcy levels.

This study has some limitations. First, the total number of patients
was relatively small and from a single center. Second, the follow-up
period was relatively short. Our results need to be further validated
through larger, multicenter studies with longer follow-up periods.
Last, the diet and genetic polymorphism may also influence
homocysteine levels. However, as the study was a retrospective
research, the diet and genetic polymorphisms data of some patients’
were incomplete, we will validate these data in further study.

5 Conclusion

We identified Hcy levels as an independent risk factor for
predicting poor clinical recovery in patients with first-attack
MOGAD. Hcy levels were also significantly associated with the
relapse of MOGAD. The mechanism underlying the precise role of
Hcy in MOGAD requires further research. Examining Hcy levels can
be a potential prognostic marker for the early assessment of first-
attack MOGAD and may allow for more individualized
treatment plans.
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