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Objective: To measure serum total vitamin D or 25-hydroxyvitamin D [25(OH)D] levels and status in immune-based optic neuritis
(ON) including neuromyelitis optica spectrum disorder (NMOSD)-ON, myelin oligodendrocyte glycoprotein antibody-associated
disease (MOGAD)-ON, autoimmune-ON, and idiopathic-ON and compare them with age- and sex-matched healthy controls. The
secondary objective was to analyze the association between serum 25(OH)D levels and ON attack severity (nadir best-corrected visual
acuity; nadir BCVA).

Materials and Methods: This was a single-center, case—control study. We enrolled 59 subjects (19 NMOSD-ON, 6 MOGAD-ON,
11 autoimmune-ON, 23 idiopathic-ON) diagnosed with acute immune-based ON (any ON attacks) over 11 years. Electronic medical
records were reviewed and demographic data (age at sampling, sex, aquaporin-4 immunoglobulin (AQP4-IgG); myelin oligodendro-
cyte glycoprotein immunoglobulin G (MOG-IgG); other biomarkers of autoimmune disorders), ON attack severity (nadir BCVA), and
serum 25(OH)D levels in the acute phase of ON were collected. Serum 25(OH)D levels of 236 age- and sex-matched healthy controls
were assessed.

Results: Mean serum 25(OH)D levels were significantly lower in each group of immune-based ON compared with healthy controls (p
< 0.001 for each ON group). However, mean serum 25(OH)D levels were not significantly different between four ON groups
(NMOSD-ON, 20.18+5.90 ng/mL; MOGAD-ON, 23.07+4.94 ng/mL; autoimmune-ON, 21.14£5.29 ng/mL; idiopathic-ON, 19.56
+5.12 ng/mL; p = 0.525). All immune-based ON subjects had vitamin D insufficiency or vitamin D deficiency. The prevalences of
vitamin D insufficiency and vitamin D deficiency were significantly higher than in healthy controls in each ON group (both p < 0.05 in
each ON group). No associations were observed between serum 25(OH)D levels and ON attack severity (nadir BCVA).
Conclusions: Thai immune-based ON subjects had lower serum 25(OH)D levels and higher prevalence of vitamin D insufficiency
and vitamin D deficiency compared with age- and sex-matched healthy controls. Serum 25(OH)D levels were not associated with ON
attack severity (nadir BCVA). We highly recommend that serum 25(OH)D levels be screened in all subjects with acute immune-based
ON.
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Introduction
Optic neuritis (ON) is an acute inflammation of the optic nerve based on an immune-based process. The worldwide
incidence of ON ranges from 1 to 6.4 per 100,000 adults.'* Typical ON, also known as multiple sclerosis-associated ON,
is commonly reported in Europeans, whereas idiopathic-ON is widely described among Asians.** Correspondingly,
idiopathic-ON is the most common etiology of ON in Thais (51.5%), followed by neuromyelitis optica spectrum disorder
(NMOSD, 30.9%), autoimmune disorder (9.9%), myelin oligodendrocyte glycoprotein antibody-associated disorder
(MOGAD, 5.3%), multiple sclerosis (MS, 1.8%), and postinfection (0.6%).’

Recent studies reported associations between vitamin D and various immune-based diseases. The proposed mechan-
ism might involve low serum vitamin D levels associated with the dysregulated suppression of innate immune

responses.® Several studies have shown that serum vitamin D levels were low in subjects with autoimmune disorders
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including systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA).” In addition, low serum vitamin D levels
are a well-established risk factor for the development of demyelinating diseases such as MS and NMOSD.* ! Serum
vitamin D levels were significantly lower in patients with MS and NMOSD compared to healthy controls.”'' Another
study reported that vitamin D insufficiency and deficiency were frequent in Thais with clinically isolated syndrome
(CIS), MS, and NMOSD.'? Despite the significant associations between low serum vitamin D levels and several ocular
inflammatory diseases such as dry eye syndrome, thyroid eye disease, vernal keratoconjunctivitis, allergic conjunctivitis,
and uveitis,'> ON and its association with vitamin D is poorly understood.

The primary objective of this study was to measure the serum total vitamin D or 25-hydroxyvitamin D [25(OH)D]
levels and their status in immune-based ON subjects and compare this with serum 25(OH)D levels and status in age- and
sex-matched healthy controls. The secondary objective was to study the association between serum 25(OH)D levels and
ON attack severity (nadir best-corrected visual acuity; nadir BCVA) in Thai immune-based ON. To the best of our
knowledge, this is the first study to assess serum 25(OH)D levels and status in NMOSD with a focus on subjects with ON
exclusively, as well as assessing vitamin D levels and status in MOGAD-ON, autoimmune-ON, and idiopathic-ON.
Thus, it is the first study to analyze vitamin D levels and status among the most comprehensive causes of immune-based
ON.

Materials and Methods

This study followed the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board (IRB)
of the Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand (IRB number: COA.
MURAZ2021/875), which waived the need for written informed consent from the subjects and controls due to the
retrospective nature of the study. All confidential data were kept in our database.

Subjects and Controls and Diagnoses

This was a case-control study of serum 25(OH)D levels and status in Thai immune-based ON subjects. We retro-
spectively reviewed the electronic medical records of subjects who were diagnosed with acute immune-based ON (any
ON attacks) in the neuro-ophthalmology clinic, Faculty of Medicine Ramathibodi Hospital, Bangkok, Thailand between
January 2011 and January 2022. The subject’s inclusion and exclusion criteria are described below.

Inclusion Criteria
e All Thai acute immune-based ON subjects (any ON attacks)
e Available serum 25(OH)D levels tested within 2 weeks of ON attack with age at sampling > 16 years.

Exclusion Criteria (Any of the Followings)
e Subjects who were treated with systemic glucocorticoids before sampling within the past 3 months
e Subjects with disorders that might affect serum 25(OH)D levels including renal disease, liver disease, or pregnancy
e Subjects who were taking any medications including immunosuppressive drugs or supplements that might affect
serum 25(OH)D levels
e Subjects whose affected eye had visually significant cataracts and/or ocular diseases (other than ON) affecting the
nadir BCVA.

Demographic data (age at sampling and sex), autoantibody serology results (aquaporin-4 immunoglobulin
(AQP4-IgG); myelin oligodendrocyte glycoprotein immunoglobulin G (MOG-IgG); antinuclear antibody (ANA);
anti-double-stranded DNA antibody (anti-dsDNA); anti-centromere antibody, anti-Ro/SSA, anti-La/SSB, rheuma-
toid factors (RF); c-antineutrophil cytoplasmic antibody (c-ANCA); anti-Jol antibody), ON attack severity (nadir
BCVA measured by Snellen chart), and serum 25(OH)D levels during the acute phase of ON were reviewed.
Immune-based ON subjects were categorized into four groups in this study: NMOSD-ON, MOGAD-ON, auto-
immune-ON, and idiopathic ON.
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NMOSD was diagnosed based on the 2015 International Panel for NMO Diagnostic criteria.'* MOGAD was
diagnosed based on the 2018 MOG-IgG-associated disorder diagnostic criteria.'> Serum AQP-4-IgG and MOG-IgG
were detected using the gold standard live flow cytometry cell-based assays (CBAs). Autoimmune-ON was further
classified into two subgroups: specific and non-specific autoimmune disorders. Specific autoimmune disorders included
SLE, Sjogren’s syndrome, RA, c-ANCA, anti-centromere antibody, and anti-Jo1 antibody, and non-specific autoimmune
disorders were defined as subjects with positive ANA but which did not fulfill any of the criteria for a specific
autoimmune disorder. SLE, Sjogren’s syndrome, and RA were diagnosed based on the 2019 American College of
Rheumatology/European League Against Rheumatism Collaborative (ACR/EULAR) initiative classification criteria for
SLE, the 2012 American College of Rheumatology classification criteria for Sjogren’s syndrome, and the 2010 ACR/
EULAR classification criteria for RA, respectively.'®'® Idiopathic-ON was diagnosed when no cause was identified
despite comprehensive investigation.

The control group included age- and sex-matched healthy controls with available serum 25(OH)D levels between
January 2002 and March 2022 were randomly recruited from the Data Health for Analysis Informatics Section, Faculty
of Medicine Ramathibodi Hospital, Mahidol University. A 4:1 ratio of controls to subjects was used to determine the
number of age- and sex-matched controls enrolled in this study. They had no obvious disorders including renal disease,
liver disease, or pregnancy and were not taking any medications or supplements that might affect serum 25(OH)D levels.
Demographic data (age at sampling, sex) and serum 25(OH)D levels were reviewed from the control group.

Serum 25(OH)D Levels and Status

Blood samples were obtained during the acute phase of ON (within 14 days of ON attack onset) and transferred to
a central laboratory where they were kept at —80°C. Serum total vitamin D levels or 25(OH)D levels (ng/mL) were
measured by an in vitro automated chemiluminescent immunoassay analyzer LIAISON® XL (DiaSorin, Sialuggia, Italy).

For serum 25(OH)D status, a serum 25(OH)D level below 20 ng/mL, 20 to < 30 ng/mL, and > 30 ng/mL were defined
as vitamin D deficiency, vitamin D insufficiency, and vitamin D sufficiency, respectively.'® These are summarized in
Table 1.

Statistical Analysis

Categorical variables are presented as frequencies (percentages). Continuous variables are expressed as the mean +
standard deviation (SD) for normally distributed variables or median (min, max) for non-normally distributed variables.
Statistical comparisons of mean age at sampling and mean serum 25(OH)D levels between each group of immune-based
ON and healthy controls were performed using an independent #-test. Mean serum 25(OH)D levels were compared
among the four ON groups by analysis of variance (ANOVA) test. The Chi-squared test was used for the comparison of
categorical variables (sex, serum 25(OH)D status). Snellen BCVA measurements were converted to the logarithm of the
minimum angle of resolution (logMAR) for statistical analysis. To analyze visual acuity levels of counting fingers, hand
motion, light perception, and no light perception, the BCVA values were defined as 2.6, 2.7, 2.8, and 2.9 logMAR,
respectively.’?! To assess ON attack severity, the nadir BCVA was adjusted for age at sampling and sex using multiple
linear regression. Spearman’s rho correlation coefficient was used to analyze the associations between the number of
previous ON attacks and ON attack severity (nadir BCVA) and the associations between serum 25(OH)D levels and ON
attack severity (nadir BCVA). Statistical analyses were conducted and analyzed using IBM SPSS version 27.0 software
(IBM, Armonk, New York, USA). P-values < 0.05 were considered statistically significant.

Table | Definitions of Each Serum 25(OH)D status'®

Serum 25(OH)D Status Definitions

Vitamin D sufficiency Serum 25(OH)D level 2 30 ng/mL
Vitamin D insufficiency Serum 25(OH)D level 20 to < 30 ng/mL
Vitamin D deficiency Serum 25(OH)D level < 20 ng/mL

Abbreviation: 25(OH)D, 25-hydroxyvitamin D.
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Results

The medical records of 59 immune-based ON subjects and 236 age- and sex-matched healthy controls were retrospectively
reviewed. Immune-based ON subjects were categorized into four groups in this study. The first group consisted of 19 subjects
diagnosed with NMOSD-ON. Eighteen subjects (18/19, 94.7%) had positive serum AQP4-IgG. The remaining subject had
acute unilateral ON with enhancement extending over more than one-half of the optic nerve length on neuroimaging. This
subject had a history of acute myelitis with intramedullary lesion extending 4 contiguous segments on neuroimaging.
The second group consisted of 6 MOGAD-ON subjects, which were all confirmed by positive serum MOG-IgG. The third
group consisted of 11 autoimmune-ON subjects including specific and non-specific autoimmune disorders. The fourth group
consisted of 23 subjects with idiopathic-ON. Overall mean age at sampling of 59 immune-based ON subjects and 236 healthy
controls were 48.98+17.63 and 48.98+17.51 years, respectively (p = 1.000). Overall mean serum 25(OH)D levels of 59
immune-based ON subjects and 236 healthy controls were 20.41+5.37 and 31.72+2.21 ng/mL, respectively (p <0.001). There
was no difference in age at sampling and sex between each ON group and its healthy control group (Table 2).

Comeparison of Serum 25(OH)D Levels and Status Between Immune-Based ON

Subjects, and Age- and Sex-Matched Healthy Controls (Table 2)

Comparison of Serum 25(OH)D Levels and Status Between 19 NMOSD-ON Subjects, and 76 Age- and
Sex-Matched Healthy Controls

The mean serum 25(OH)D levels were significantly lower in subjects with NMOSD-ON compared with age- and sex-
matched healthy controls (20.18+5.90 ng/mL vs 31.16+1.69 ng/mL; p < 0.001). For serum 25(OH)D status, approxi-
mately half of the NMOSD-ON subjects had vitamin D insufficiency, which was significantly higher than that of healthy
controls (47.4% vs 21.1%; p = 0.020). Most NMOSD-ON subjects also had a significantly higher prevalence of vitamin
D deficiency than the healthy controls (52.6% vs 0%; p < 0.001).

Comparison of Serum 25(OH)D Levels and Status Between 6 MOGAD-ON Subjects, and 24 Age- and
Sex-Matched Healthy Controls

MOGAD-ON subjects had significantly lower mean serum 25(OH)D levels than age- and sex-matched healthy controls
(23.0744.94 ng/mL vs 32.57+2.33 ng/mL; p < 0.001). For serum 25(OH)D status, MOGAD-ON subjects had signifi-
cantly higher prevalence of vitamin D insufficiency and vitamin D deficiency than the healthy controls (83.3% vs 12.5%;
p <0.001 and 16.7% vs 0%; p = 0.042, respectively).

Comparison of Serum 25(OH)D Levels and Status Between || Autoimmune-ON Subjects, and 44 Age- and
Sex-Matched Healthy Controls

The mean serum 25(OH)D levels were significantly lower in autoimmune-ON subjects compared with age- and sex-matched
healthy controls (21.14+5.29 ng/mL vs 31.9542.35 ng/mL; p < 0.001). Compared with healthy controls, nearly two-thirds of
autoimmune-ON subjects had vitamin D insufficiency and approximately one-third of autoimmune-ON subjects had vitamin
D deficiency, which were more common than in the healthy controls (63.6% vs 18.2%; p = 0.003 and 36.4% vs 0%; p < 0.001,
respectively).

Comparison of Serum 25(OH)D Levels and Status Between 23 Idiopathic-ON Subjects, and 92 Age- and
Sex-Matched Healthy Controls

Mean serum 25(OH)D levels in the idiopathic-ON subjects were significantly lower than in the age- and sex-matched healthy
controls (19.56+5.12 ng/mL vs 31.86+2.41 ng/mL; p <0.001). Correspondingly, the prevalence of vitamin D insufficiency and
vitamin D deficiency in idiopathic-ON subjects were also significantly higher than in their control groups (43.5% vs 10.9%;
p <0.001 and 56.5% vs 0%; p < 0.001, respectively).

Comparison of Serum 25(OH)D Levels and Status Among Immune-Based ON
The mean serum 25(OH)D levels were similar among the four groups of immune-based ON (NMOSD-ON, MOGAD-ON,
autoimmune-ON, and idiopathic-ON). For serum 25(OH)D status, the prevalence of vitamin D insufficiency and vitamin
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Table 2 Demographic Data (Age at Sampling, Sex), Serum 25(OH)D Levels, and Status of Inmune-Based ON Vs Healthy Controls

NMOSD- HCI p-value | MOGAD- HC2 p-value | Autoimmune- HC3 p-value | Idiopathic- HC4 p-value
ON ON ON ON
n 19 76 6 24 1 44 23 92
Age at sampling, mean + SD, | 42.74 4274 + 1.000® 47.50 + 47.50 + 1.000® 42.73 £ 13.54 4273 + 1.000® 57.52 5752 + 1.000®
(years) 17.30 16.95 20.60 19.21 13.06 16.26 15.99
Sex
Female, n (%) 19 (100%) | 76 (100%) | 1.000¢) 3(50.0%) | 12(50.0%) | 1.000© 7 (63.6%) 28 (63.6%) | 1.000© 18 (78.3%) | 72 (78.3%) | 1.000©
Male, n (%) 0 (0%) 0 (0%) 3 (50.0%) | 12 (50.0%) 4 (36.4%) 16 (36.4%) 5(21.7%) | 20 (21.7%)
Serum 25(OH)D levels
Mean + SD, (ng/mL) 20.18 £ 3116 £ | <0.001%9 | 2307 £ 3257 £ | <0.001%© | 21.14 £ 529 3195+ | <0.001%9 | 1956 £5.12 | 31.86+ | <0.001*®
5.90 1.69 4.94 2.33 2.35 2.4l
Serum 25(OH)D status
Vitamin D sufficiency, n (%) 0 (0%) 60 (78.9%) | <0.001*% 0 (0%) 21 (87.5%) | <0.001*° 0 (0%) 36 (81.8%) | <0.001% 0 (0%) 82 (89.1%) | <0.001*©
Vitamin D insufficiency, n (%) | 9 (47.4%) | 16 21.1%) | 0.020° | 5(83.3%) | 3 (12.5%) | <0.001*© 7 (63.6%) 8 (182%) | 0.003*© | 10 (43.5%) | 10 (10.9%) | <0.001*©
Vitamin D deficiency, n (%) | 10 (52.6%) 0 (0%) | <0.001*© | | (16.7%) 0 (0%) 0.042+ 4 (36.4%) 0 (0%) | <0.001%9 | 13 (56.5%) 0 (0%) | <0.001%©

Notes: *Statistically significant (p<0.05). P-values were derived from independent t-test. )P-values were derived from Chi-squared test.
Abbreviations: 25(OH)D, 25-hydroxyvitamin D; ON, optic neuritis; vs, versus; n, number of subjects or healthy controls; NMOSD, neuromyelitis optica spectrum disorder; MOGAD, myelin oligodendrocyte glycoprotein antibody-
associated disorder; HCI, healthy controls for NMOSD-ON; HC2, healthy controls for MOGAD-ON; HC3, healthy controls for autoimmune-ON; HC4, healthy controls for idiopathic-ON; SD, standard deviation.
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Table 3 Comparisons of Serum 25(OH)D Levels and Status Among NMOSD-ON, MOGAD-ON, Autoimmune-ON, and
Idiopathic-ON

NMOSD-ON MOGAD-ON Autoimmune-ON Idiopathic-ON p-value
n 19 6 11 23
Serum 25(OH)D levels
Mean * SD, (ng/mL) 20.18 + 5.90 23.07 £ 494 21.14 £ 529 19.56 + 5.12 0.525@
Serum 25(OH)D status
Vitamin D sufficiency, n (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.000
Vitamin D insufficiency, n (%) 9 (47.4%) 5 (83.3%) 7 (63.6%) 10 (43.5%) 0.286"
Vitamin D deficiency, n (%) 10 (52.6%) I (16.7%) 4 (36.4%) 13 (56.5%) 0.286"

Notes: @P-value was derived from ANOVA test. )P-values were derived from Chi-squared test.
Abbreviations: 25(OH)D, 25-hydroxyvitamin D; NMOSD, neuromyelitis optica spectrum disorder; ON, optic neuritis; MOGAD, myelin oligodendrocyte glycoprotein
antibody-associated disorder; n, number of subjects; SD, standard deviation.

D deficiency were comparable between the four ON groups. Comparisons of serum 25(OH)D levels and status among
immune-based ON are summarized in Table 3.

Association Between Serum 25(OH)D Levels and ON Attack Severity (Nadir BCVA)

in Immune-Based ON

There were 23 NMOSD-ON affected eyes, 9 MOGAD-ON affected eyes, 13 autoimmune-ON affected eyes, and 31
idiopathic-ON affected eyes included in this analysis. Because the number of previous ON attacks was not significantly
associated with the nadir BCVA (r = 0.316, p = 0.142; » = 0, p = 1.000; » = 0, p = 1.000; » = —0.186, p = 0.315 for
NMOSD-ON affected eyes, MOGAD-ON affected eyes, autoimmune-ON affected eyes, and idiopathic-ON affected
eyes, respectively), all ON attacks were analyzed together. The median nadir BCVA during the acute ON attack of
NMOSD-ON affected eyes, MOGAD-ON affected eyes, autoimmune-ON affected eyes, and idiopathic-ON affected eyes
were 2.6 (0.55, 2.7) logMAR, 1.3 (1.0, 2.6) logMAR, 2.6 (1.0, 2.6) logMAR, and 1.3 (0.7, 2.6) logMAR, respectively.
After adjusting for the clinical factors of age at sampling and sex, serum 25(OH)D levels showed no association with ON
attack severity (nadir BCVA) in NMOSD-ON affected eyes (r = 0.125, p = 0.569), MOGAD-ON affected eyes (r =
—0.547, p = 0.127), autoimmune-ON affected eyes (» = 0.177, p = 0.563), and idiopathic-ON affected eyes (» = 0.076, p =
0.683). In summary, no associations were observed between serum 25(OH)D levels and ON attack severity (nadir BCVA)
in each group of immune-based ON.

Discussion

To the best of our knowledge, this is the first study to analyze serum 25(OH)D levels and status among the most
comprehensive causes of immune-based ON. The main outcomes of our study were as follows: 1) all immune-based ON
subjects (NMOSD-ON, MOGAD-ON, autoimmune-ON, idiopathic-ON) had significantly lower 25(OH)D levels than
their age- and sex-matched healthy controls; and 2) vitamin D insufficiency and vitamin D deficiency were remarkably
common in immune-based ON subjects compared with age- and sex-matched healthy controls.

There was a lack of evidence for serum 25(OH)D levels and status in the NMOSD-ON population. A previous study
of Thai subjects reported a mean serum 25(OH)D level of 23.5449.30 ng/mL in NMOSD subjects. They also revealed
that 43.42% and 35.52% of NMOSD subjects had vitamin D insufficiency and vitamin D deficiency, respectively.'?
However, their study did not exclusively analyze NMOSD-ON subjects and there was no healthy control group for
comparisons. The current study demonstrated that mean serum 25(OH)D levels were significantly lower in Thai
NMOSD-ON subjects compared with age- and sex-matched healthy controls. We also revealed that the prevalences of
vitamin D insufficiency and vitamin D deficiency were significantly higher in NMOSD-ON subjects compared with
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healthy controls of the same age and sex. These findings are in accord with previous reports. A previous study in Chinese
subjects showed significantly lower serum 25(OH)D levels in NMOSD subjects compared with healthy controls.?
Additionally, studies in Chinese subjects and Korean subjects reported that serum 25(OH)D3 levels, another form of
vitamin D, were significantly lower in NMOSD subjects compared with healthy controls.''** In contrast to our results,
one study in Indonesian subjects showed that serum 25(OH)D levels in NMOSD subjects were not significantly different
from those of healthy controls.?* Nevertheless, this study did not exclude NMOSD subjects or healthy controls who were
taking vitamin D supplements. Moreover, the daily dose of vitamin D intake in NMOSD subjects was significantly higher
than in the healthy controls in their study. This might explain the different results between the study findings. Although
there is no conclusive hypothesis for the role of vitamin D in NMOSD pathogenesis, it was proposed that low serum
vitamin D levels may be associated with immune dysregulation that involves innate immune suppression as described in
MS.° Inadequate serum vitamin D leads to a reduction in B-cell apoptosis and improper elimination of interleukin-6 and
CD-19, both of which are related to NMOSD pathogenesis.?

We found that MOGAD-ON subjects had significantly lower mean serum 25(OH)D levels than age- and sex-matched
healthy controls. This finding is comparable with previous studies of serum 25(OH)D levels in other demyelinating
diseases such as MS and NMOSD, which demonstrated that serum 25(OH)D levels were significantly lower than those in
healthy controls.?***-° The association between serum vitamin D and MOGAD-ON remains unclear; however, it may
share the same underlying mechanism as other demyelinating diseases.®*’

Our results demonstrated that mean serum 25(OH)D levels in autoimmune-ON subjects were significantly lower than
in age- and sex-matched healthy controls, which is consistent with previous reports of other autoimmune disorders such
as SLE.”?” Those studies reported a significantly lower mean serum 25(OH)D level of 21.60 ng/mL in African American
and Caucasian subjects diagnosed with SLE compared with 27.40 ng/mL in healthy controls. The function of vitamin
D as an immune modulator in SLE and its role in autoimmune-ON pathogenesis might share a common mechanism.”

We observed significantly lower mean serum 25(OH)D levels in idiopathic-ON subjects than in healthy controls of
the same age and sex. This finding is comparable with previous studies of serum 25(OH)D levels in other ocular
inflammatory diseases such as dry eye syndrome, where serum 25(OH)D levels were significantly lower than in healthy
controls.”®**° Vitamin D was associated with T-helper cell inhibition and cytotoxic T-cell proliferation leading to
a decrease in the production of proinflammatory cytokines.>® Presumably, low vitamin D levels may have a role in the
inflammatory processes of dry eye syndrome and idiopathic-ON.

In our study, the prevalences of vitamin D insufficiency and vitamin D deficiency were significantly higher in
immune-based ON subjects than in age- and sex-matched healthy controls. Therefore, serum 25(OH)D levels should be
assessed in all acute immune-based ON subjects. To avoid vitamin D insufficiency and vitamin D deficiency-related
complications such as osteoporosis, cardiovascular disease, and cancer, maintaining serum 25(OH)D at a level of 30 ng/
mL or more is favorable.’ This should be aided by the increased accessibility of serum 25(OH)D laboratory tests.

No associations were observed between serum 25(OH)D levels and ON attack severity (nadir BCVA) in each group
of immune-based ON. The present study reported that serum 25(OH)D levels were not associated with ON attack
severity (nadir BCVA) in NMOSD-ON affected eyes, in accord with previous studies describing a dissociation between
serum 25(OH)D levels and the Expanded Disability Status Scale (EDSS) in NMOSD.**** However, this result was
inconsistent with studies in Korean and Chinese subjects, which evaluated serum 25(OH)D3 levels and their association
with EDSS in NMOSD subjects.''***> The difference in the form of vitamin D measured [25(OH)D3 vs 25(OH)D] might
explain the differences seen compared with our study. We did not find an association between serum 25(OH)D levels and
ON attack severity (nadir BCVA) in MOGAD-ON affected eyes. This finding was in accord with previous studies
showing that serum 25(OH)D levels were not associated with the EDSS in demyelinating diseases such as MS and
NMOSD.?*** Additionally, there was no association between serum 25(OH)D levels and ON attack severity (nadir
BCVA) in our autoimmune-ON affected eyes as observed in disease activity in other autoimmune disorders such as SLE
and RA.*-* These studies reported no associations between serum 25(OH)D levels and SLE Disease Activity Index
(SLEDALI) in SLE or serum 25(OH)D levels and 3-variable Disease Activity Score (DAS28) in RA.**3* We also found
no association between serum 25(OH)D levels and ON attack severity (nadir BCVA) in idiopathic-ON affected eyes,
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which was consistent with earlier studies in dry eye syndrome.”>*> They reported no associations between serum 25(OH)
D levels and Schirmer II test or serum 25(OH)D levels and ocular surface disease index scores in dry eye syndrome.*>*

There were key strengths in this study. To the best of our knowledge, this is the first study to assess vitamin D levels
and status in NMOSD with a focus on subjects with ON exclusively, as well as investigating vitamin D levels and status
in MOGAD-ON, autoimmune-ON, and idiopathic-ON. Second, it is the first study to analyze vitamin D levels and status
among the most comprehensive causes of immune-based ON. Third, we compared serum 25(OH)D levels and status in
each ON group with age- and sex-matched healthy controls.

Our study had some limitations. The lack of a comprehensive assessment of other components of visual function
including color vision, contrast sensitivity, and visual field testing during ON attack limited the analysis of ON attack
severity. The lifestyles of subjects, which might affect serum 25(OH)D levels and status, such as sunlight exposure and
dietary were not considered or statistically adjusted for in this study. Future studies should assess the association between
serum 25(OH)D levels and other components of visual function during ON attack as well as individual lifestyle factors
that affect serum 25(OH)D levels and status. Furthermore, our study had the small number of subjects in MOGAD-ON
and autoimmune-ON groups for subgroup analysis. Larger samples are needed to infer more generalizable conclusions.

Conclusions

Serum 25(OH)D levels were significantly lower in immune-based ON subjects compared with age- and sex-matched
healthy controls. Furthermore, the prevalences of vitamin D insufficiency and vitamin D deficiency were significantly
higher in immune-based ON subjects than in age- and sex-matched healthy controls. Serum 25(OH)D levels were not
associated with ON attack severity (nadir BCVA). We highly recommend that serum 25(OH)D levels be screened in all
subjects with acute immune-based ON.
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