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Background: Optic neuritis (ON) is an acute and often immune-mediated inflammatory Access this article online
condition of the optic nerve. Vitamin D acts as an anti-inflammatory agent and may
confer neuroprotection. Visual evoked potential (VEP) and optical coherence tomography
(OCT) are emerging tools for demyelinating diseases. Aims and Objectives: We tried to
correlate between Vitamin D insufficiency and acute demyelinating ON using different | DOl 10.3126/ajms.v15i1.58255
parameters such as VEP, ganglion cell layer (GCL) thickness, and retinal nerve fiber E-ISSN: 2091-0576

layer (RNFL) thickness. Materials and Methods: This observational longitudinal analytical P-ISSN: 2467-9100

study included thirty non-consecutive patients with primary ON and 30 healthy controls.

All patients with ON underwent detailed clinical and ophthalmological examination, Copyright (c) 2024 Asian Journal of
and detailed blood workup, including serum 25 (OH) Vitamin D. VEP P100 latency, Medical Sciences

amplitude, OCT, RNFL thickness, and GCL thickness at presentation and after 3 months

from May 2019 to November 2020. Results: Vitamin D insufficiency (below 30 ng/mL)

was present in 60% of cases of ON. The baseline VEP showed significantly prolonged ‘@ @ @ |

P100 latency in affected eyes in the Vitamin D insufficient group (mean 129.78 £+7.97

ms vs. 121.0+4.99 ms) whereas the P100 amplitude was not significantly altered

between the two groups (6.6 +3.13 IJ.V vs. 7.08 £ 3.01 IJ.V) The baseline RNFL thickness This work is licensed under a Creative
(132.21£10.69 pm vs. 118.01+10.4 um) and GCL thickness (76.82+2.04 um vs. Commons Attribution-NonCommercial
73.06+3.2 um) were greater in affected eyes of vitamin D insufficiency ON. There 40 Intermational License.

was greater RNFL thinning (79.93+£3.42 um vs. 74.80+3.5 um) and GCL thinning

(64.78£1.9um vs. 69.02+2.22 um) in affected eyes of ON with Vitamin D insufficiency

at 3 months. Conclusion: Vitamin D insufficiency was found in most cases of ON.

Insufficient Vitamin D positively correlated with optic nerve affection severity as evidenced

by significantly increased baseline thickness of RNFL and GCL and more thinning of RNFL

and GCL at the end of 3 months of follow-up.
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INTRODUCTION

Optic neuritis (ON) is defined as inflammation of the
optic nerve, and in most cases, the cause is idiopathic.'
ON is a common cause of visual impairment in young
individuals having an incidence of 1-5 in 100,000 people/
year.” It usually affects patients aged 15-49 years with
female preponderance.’ It may be an isolated episode or
the first presentation of a central nervous system (CNS)
demyelinating event. Visual function usually improves
spontaneously over weeks, and 95% of patients return to
visual acuity of at least 20/40 within 12 months.* A high
dose of steroids hastens the rate, not the vision outcome.’
Prognostic factors of visual recovery in ON are visual
acuity at presentation, race, ethnicity, comorbidities, ocular
signs such as retro bulbar pain, optic disc edema, and retinal
thinning in optical coherence tomography (OCT).®

OCT is a rapid, non-invasive, non-contrast, transpupillary,
and reproducible imaging technique using low coherence
interferometry to produce cross-sectional images of the
retina and optic nerve head (ONH) with high temporal
accuracy.” Its capacity to depict the ONH, petipapillaty
retinal nerve fiber layer (RNFL), and cellular layers of the
macula enables quantitative and qualitative assessment of
optic nerve diseases.” In ON, the RNFL thickens acutely
from axoplasmic flow stasis caused by inflammatory
demyelination. In the post-acute phase, RNFL and ganglion
cell layer (GCL) thinned out due to retrograde axonal and
axonal degeneration, respectively.*!’ Several studies have
shown peripapillary RNFL, and macular thickness analysis
may be used to detect axonal loss in ON and multiple
sclerosis.''?

Visual evoked potentials (VEPs) are generated in the visual
cortex as a response to a visual stimulus. Pattern reversal
visual evoked response (PSVER) is the preferred study
in most adults, and it elicits a robust and reproducible
response. The latency of the VEP accurately reflects the
amount of demyelination in the visual pathway, whereas the
amplitude correlates with the axonal damage. An increase
in VEP latency is not a specific sign of retinal diseases
affecting different parts of the sensory retina and this
is increased latency with reduced VEP amplitude is seen
in macular disease.”'* The rapid changes in RNFL and
VEP study after ON make it logical to think of testing
neuroprotective strategies for a short-term frame.

Vitamin D acts as an anti-inflammatory and neuroprotective
agent, affects immune function, CNS development,
and possesses immune-regulatory capacity.””'® Some
in vitro and animal studies showed that Vitamin D
supplementation reduced inflammatory cell infiltration in
the CNS by suppressing antigen-presenting cells’ function.”
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Vitamin D inhibits brain gamma-glutamyl transpeptidase,
protects neurons against superoxide and hydrogen
peroxide, and reduces nitric oxide levels by inhibiting
nitric oxide synthetase in CNS. Besides this, Vitamin D
reduces calcium-mediated excitotoxicity and stimulates
neurotrophin release, and maintains homeostasis.”’ Few
studies have shown the potential benefits of Vitamin D
in the recovery of ON.2*

We hypothesized that ON may be associated with low
serum Vitamin D levels.

MATERIALS AND METHODS

This observational analytical longitudinal study was
conducted in indoor as well as outdoor in the Department
of Neurology of NRSMCH, Kolkata from May 2019 to
November 2020 among 30 patients of ON and 30 age and
sex-matched controls.

Inclusion criteria

Unilateral ON characterized by acute or sub-acute
onset(within 2 weeks), partial or complete loss of vision
in one eye, retrobulbar pain with or without disc swelling,
impaired color vision, and relative afferent pupillary defect
were included in the study.

Exclusion criteria

Patients were unable to provide informed consent,
presentation inconsistent with primary demyelinating
ON, previous history of ON in either eye, on Vitamin D
supplementation, medications that influence prognosis of
ON like beta-interferon, use of systemic steroids in the
past 3 months, significant cataract and or ocular disease
such as pathological myopia and glaucoma, pregnancy,
renal insufficiency, hypercalcemia, nephrolithiasis,
systemic disease, and coexisting other neurological
disorders and obese individuals with ON were excluded
from the study.

Objectives

The objectives of the study are as follows:

1. To find any correlation between Vitamin D levels and
ON severity in acute and chronic ON

2. To find any correlation between Vitamin D levels and
RNFL in acute and chronic ON

3. To find any correlation between Vitamin D levels and
GCL thickness in OCT

4. To find any correlation between Vitamin D levels and
the latency and amplitude of VEP P100 potential.

Considering the reduced footfall of non-COVID cases
due to the pandemic situation and lockdown regulations,
a complete enumeration method was used and all patients
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tulfilling the inclusion and exclusion criteria were selected
consecutively. This study was approved by the Institutional
Ethics Committee of NRSMCH and prior informed
written consent was taken from all patients.

All participants underwent general examination including
body mass index (BMI) determination as well as detailed
nervous system examinations and findings were recorded
in a structured questionnaire. They have undergone
through complete ophthalmological examination including
best-corrected monocular visual acuity assessment,
standard automated perimetry, and dilated fundoscopy
using an indirect ophthalmoscope. Routine investigations
including complete blood count, renal and liver function
test, vasculitis profile, serum angiotensin-converting
enzyme, viral serology, and serum Vitamin B12 level were
carried out in all subjects. Serum anti-aquaporin four
antibody and anti-myelin oligodendrocyte glycoprotein
(MOG) antibody were also done. CSF analysis was done
for microscopic examination, biochemistry, oligoclonal
band, immunoglobulin G index, and pan-neurotropic
virus panel.

Serum Vitamin D was measured from venous blood.
Three blood samples were obtained at 5-day interval
during the acute phases of ON within 14 days of the
attack and were kept at —80°C at the central laboratory
of said medical college and then the mean Vitamin D
value was obtained. Serum 25 (OH) Vitamin D ng/mL
was measured by a commercially available radio-immune
assay kit. Neuroimaging using magnetic resonance imaging
(MRI) of the brain and bilateral orbits along with spine
including a short tau inversion recovery sequence by 1.5
T MRI scanner was done.

PSVER was recorded from both eyes by using Neuron-
Spectrum-4/EPM neurosoft machine. The VEP parameters
recorded were latencies to N70, P100, and N155 waves
and peak-to-peak amplitude of the P100 wave. Spectral
domain OCT (SD-OCT) device was used to measure
RNFL thickness which produces 3D data volumes. The
peripapillary region was scanned on all eyes using SD-OCT.
All scans were performed through dilated pupil RT vue
—100 SD-OCT (Optovue Inc., software version 6.9.0.27)
was used to measure the average peripapillary RNFL
thickness. For our measurement, the ONH scan protocol
was used which consists of 12 radial scans of 3.4 mm in
length and six concentric ring scans ranging from 2.5—4 mm
in diameter centered on the optic disc.

Macular scan protocol using optovue SD-OCT was
followed. 7 mm square area consisting of a 7 mm horizontal
and 15 mm vertical line spaced at 0.5 mm intervals and
centered 0.75—1 mm temporal to fovea.
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All the data collected were compiled in MS Excel 2013
and checked for consistency and completeness. These
were analyzed using SPSS Version 16. Descriptive statistics
were described in numbers and percentages for categorical
variables as well as mean (standard deviation [SD]), median
(interquartile range [IQR]) and range in cases of continuous
variables.

Nonparametric measures like Mann—Whitney U-test,
Wilcoxon signed-rank test Kruskal-Wallis test and
Spearman Rho correlation were applied as continuous
variables were not normally distributed as evident from
statistically significant P value in both Kolmogorov—
Smirnov test as well as Shapiro—Wilk test. P<0.05 will be
considered statistically significant.

RESULTS

Around half (43.3%) of study participants belonged to
the age group 20-29 years with the mean (SD) age of
23.3 (8.4) years ranged from 7 years to 37 years. Majority
of them were females, (53.3%), Hindu (66.7%), and
having idiopathic etiology (43.3%) (Table 1). One-fifth
(20%) had Vitamin D deficiency and two-fifth (40%)
had Vitamin D insufficiency. Mean (SD) Vitamin D was
27.71 (8.58) ng/mL ranged from 9 ng/mL to 42 ng/mL
with median of 27.8 ng/mlL. (Table 2).

The mean value of VEP P100 latency in the control
population was 108+2.2 ms and 108.2£2.4 ms in the left
and right eye, respectively, in Vitamin D sufficient patients
and 104+1.9 ms and 105£1.7 ms in the left and right eye,
respectively, in Vitamin D insufficient control population.

Attributes Number (%)
Age
<10 1(3.3)
10-19 8(26.7)
20-29 13 (43.3)
=30 8(26.7)
Gender
Male 14 (46.7)
Female 16 (53.3)
Religion
Hindu 20 (66.7)
Muslim 10 (33.3)
Etiology
Idiopathic 13 (43.3)
MOG 8(26.7)
MS 4(13.3)
NMO 1(3.4)
NMOSD 4(13.3)

MOG: Myelin oligodendrocyte glycoprotein, MS: Multiple sclerosis,
NMO: Neuromyelitis optica, NMOSD: Neuromyelitis optica spectrum disorder
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The mean value of VEP P100 amplitude in the right and
left eye in the control population was 4.1£0.8 uV and
4.3£0.8 WV (vitamin D sufficient) and, 3.7£1.1 uVv
and 3.9+1.9 uV (Vitamin D insufficient) respectively. The
range of RNFL thickness and GCL volume in control
subjects was 94.6519.44 um and 73.6+4.7 um, respectively,
in Vitamin D sufficient group and 93.54+8.2 um and
72.7£3.3 um in Vitamin D insufficient group, respectively.

In the affected eye, the mean (SD) VEP P 100 was
126.27 (8.12) ranged from 113 to 142 with a median of
127.5 whereas mean (SD) VEP amplitude was 6.13(3.16)
ranged from 0.26 to 11.2 with a median of 6.7. In the
unaffected eye, the mean (SD) VEP P 100 was 99.80 (10.38)
ranged from 81 to 116 with a median of 102 whereas
mean (SD) VEP amplitude was 8.60 (2.55) ranged from
2.9 to 11.8 with a median of 9.2. Affected eye showed a
significantly higher baseline VEP P 100 and significantly
lower baseline VEP Amplitude (Figure 1).

In affected eye, mean (SD) retinal nerve fiber layer
(RENL) in baseline was 126.56 (12.55) ranged from 98.8
to 145.1 with a median of 126.2 which was significantly
reduced during follow-up to get mean (SD) RFNL during
follow-up was 77.88 (4.25) ranged from 69.90 to 85.44
with a median of 77.7. In the unaffected eye, the mean
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Figure 1: Baseline visual evoked potential among eyes of study
subjects (n=30)

VEP Unaffected eye  Affected eye (A) P-value*
(UA)
P100
Mean (SD) 99.80 (10.38) 126.27 (8.12) 0.001*
Median 102 (88, 108) 127.5 (118, 132.5)
(IQR)
Range 31,116 113,142
Amplitude
Mean (SD) 8.60 (2.55) 6.13 (3.16) 0.001*
Median 9.2 (7.28, 10.45) 6.7 (3.08, 8.55)
(IQR)
Range 2.9,11.8 0.26, 11.2

*Mann-Whitney U-test, *Statistically significant, IQR: Interquartile range,
SD: Standard deviation, VEP: Visual evoked potential
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(SD) RFNL in baseline was 88.30 (5.73) ranged from 79.2
to 98.4 with a median of 87.9 which was significantly
reduced during follow-up to get the mean (SD) RFNL
during follow-up was 83.82 (8.4) ranged from 73.4 to
96.33 with a median of 80.3. However, the reduction
of RFNL value from baseline to follow-up is significant
higher in affected eye compared to the unaffected eye
(Figure 2).

In the affected eye, the mean (SD) GCL in baseline
was 75.32 (3.15) and ranged from 69.74 to 81.67 with a
median of 75.35 which was significantly reduced during
follow-up to get the mean (SD) GCL during follow-up
was 606.48 (2.92) ranged from 61.33 to 72.53 with a median
of 66.07. In the unaffected eye, the mean (SD) GCL in
baseline was 76.38 (3.83) ranged from 70.43 to 84.30 with
a median of 74.9 which was increased during follow-up to
get the mean (SD) GCL during follow-up was 77.21 (4.15)
ranged from 70.69 to 84 with a median of 76.56. However,
the reduction of GCL value from baseline to follow-up is
significant higher in affected eye compared to unaffected
eye (Figure 3).
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Figure 2: Retinal nerve fiber layer in baseline and after 3-month follow-
up among eyes of study subjects (n=30)

RFNL Unaffected Affected eye (A) P-value*
eye (UA)
Baseline
Mean (SD) 88.30 (5.73) 126.56 (12.55) <0.001*
Median (IQR) 87.9 (83.6, 93.8) 126.2 (118.3, 137.7)
Range 79.2,98.4 98.8, 145.1
Follow-up
Mean (SD) 83.82 (8.4) 77.88 (4.25) 0.019*
Median (IQR) 80.3 (76.1,92.5) 77.7 (75.2, 81.3)
Range 73.4,96.33 69.90, 85.44
Change (baseline-follow-up)
Mean (SD) 4.48 (5.65) 48.68 (10.54) <0.001*
Median (IQR) 4.45(1.41,6.84) 49.8 (42.9, 56.9)
Range -6.09, 23.91 23.4,69.4
P-value$ <0.001* <0.001*

“Mann-Whitney U-test, SWilcoxon Signed Rank Test, *Statistically significant,
IQR: Interquartile range, SD: Standard deviation, VEP: Visual evoked potential,
RFNL: Retinal nerve fiber layer
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In comparison to the unaffected eye, the affected eye
showed significantly more thinning of RFNL and GCL
values in all levels of Vitamin D. Significantly higher
thinning of RFNL and GCL in the affected eye was
noticed in Vitamin D deficient group followed by people
with Vitamin D insufficiency and normal Vitamin D.
However, in case of unaffected eye, thinning in RFNL is
significantly higher in Vitamin D deficient and insufficient
group compared to Vitamin D sufficient group. Moreover,
no significant difference of improvement of GCL was seen
in unaffected eye (Figures 4 and 5).

Vitamin D showed moderate to high and statistically
significant negative correlation with VEP P 100 in both
affected and unaffected eyes. Which denoted with decrease
of Vitamin D level, there was an increase in VEP P100 in
both affected and unaffected eyes or subclinically affected
eye. Vitamin D also showed a moderate and statistically
significant positive correlation with VEP amplitude in
both affected and unaffected eyes which denoted with

75
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Figure 3: Ganglion cell layer in baseline and after 3-month follow-up
among eyes of study subjects (n=30)

decrease of Vitamin D level there was a significantly
decrease in VEP amplitude in both affected and unaffected
eyes. Thus, Vitamin D might have a pathophysiological
role in the severity of ON which is more marked in the
affected eye (symptomatic) compared to the unaffected eye
(asymptomatic). Vitamin D showed moderate to high and
statistically significant negative correlation with RFNL and
GCL in baseline as well as follow-up in both affected and
unaffected eyes which denoted with dectrease of Vitamin
D level, there was increase in RENL and GCL in both
affected and unaffected eyes (subclinical eye). Significantly
higher decreasing value of RFNL, that is, severe thinning
in affected eye is seen with increasing Vitamin D level
in both affected eye and unaffected eye. In the case of
GCL, significantly higher decreasing value of GCL, that
is, thinning in affected eye is noticed with decreasing
Vitamin D level in the affected eye however no significant
correlation of improvement of GCL and Vitamin D in
unaffected eye was noticed (Table 3). The multivariate
analysis has been shown in Table 4.

Change in RFNL
& B focted
Change in RFNL
° .Unaffgcted

+ &

Vit D Normal

20

Vit D Deficiency Vit D Insufficiency

Vit D level

Figure 4: Change in retinal nerve fiber layer among eyes of study
subjects with various degrees of Vitamin D deficiency (n=30)

GCL Unaffected Affected P-value* Change in Unaffected Affected P-value*
eye (UA) eye (A) RFNL eye (UA) eye (A)
Baseline Vitamin D deficiency (<20)
Mean (SD) 76.38 (3.83) 75.32 (3.15) 0.433 Mean (SD) 4.85(9.42) 58.52 (3.24) <0.001*
Median 74.9 75.35 Median (IQR) 1.6 (1.3,2.1) 59.14
(IQR) (73.83, 79.15) (73, 77.13) (56.25, 60.15)
Range 70.43, 84.30 69.74, 81.67 Range -1.4,23.91 53.56, 62.87
Follow-up Vitamin D insufficiency (20-29)
Mean (SD) 77.21 (4.15) 66.48 (2.92) <0.001* Mean (SD) 1.71 (4.57) 49.16 (9.02) <0.001*
Median 76.56 (73.87, 66.07 Median (IQR) 2.26 51.75
(IQR) 81.14) (64.11, 69.38) (-1.81, 4.55) (43.04, 56.27)
Range 70.69, 84.00 61.33, 72.53 Range -6.09, 10.01 27.01, 58.22
Change (Baseline-Follow-up) Vitamin D normal (=30)
Mean (SD) -0.84 (3.87) 8.84 (5.32) <0.001* Mean (SD) 7.08 (2.66) 43.26 (11.04) <0.001*
Median -0.33 9.62 (2.83, Median (IQR) 6.48 43.72
(IQR) (-2.25, 1.33) 11.6) (5.01, 8.77) (37.59, 46.63)
Range -91,7.2 0.39, 8.57 Range 4.37,12.50 23.4,69.4
P-value$ <0.001* <0.001* P-value$ 0.008* 0.003*

“Mann-Whitney U-test, SWilcoxon Signed Rank Test, *Statistically significant,
IQR: Interquartile range, SD: Standard deviation, VEP: Visual evoked potential,
GCL: Ganglion cell layer
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“Mann-Whitney U-test, SKruskal-Wallis Test, *Statistically significant,
IQR: Interquartile range, SD: Standard deviation, VEP: Visual evoked potential,
RFNL: Retinal nerve fiber layer
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Figure 5: Change in Ganglion cell layer among eyes of study subjects
with various degrees of Vitamin D deficiency (n=30)

Change Unaffected Affected P-value*
in GCL eye (UA) eye (A)
Vitamin D deficiency (<20)
Mean (SD) -0.52 (7.05) 15.43 (3.20) <0.001*
Median (IQR) 1.24 16.05
(-9.07, 5.41) (15.63, 17)
Range -9.10,7.16 9.28, 18.57
Vitamin D insufficiency (20-29)
Mean (SD) -1.84 (3.07) 10.35 (2.04) <0.001*
Median (IQR) -0.57 10.77
(-3.85, 0.36) (9.16, 11.43)
Range -7.44,1.11 6.90, 14.27
Vitamin D normal (=30)
Mean (SD) 0.01 (2.35) 4.04 (3.83) <0.001*
Median (IQR) -0.02 2.56
(-2.18, 2.05) (1.11,7.31)
Range -3.49, 4.21 0.39, 11.64
P-value$ 0.473 <0.001*

*Mann-Whitney U-test, ‘Kruskal-Wallis Test, *Statistically significant,
IQR: Interquartile range, SD: Standard deviation, VEP: Visual evoked potential,
GCL: Ganglion cell layer

DISCUSSION

Our study shows the age of affection of ON is more
common in the third decade of life (43.3%) (mean age-
23.3 years) with a female preponderance (53.3%). This is
consistent with the demographic findings of a previous
study.” Obesity is associated with diminished thickness
in several SD-OCT measurements through various direct
and indirect mechanisms.** BMI is associated with acute
ON severity in males but not in female patients. The BMI
range of our patients was 19-24 kg/m’ Age, gender,
and axial length should be considered when measuring
the GCL thickness and volume with OCT. RNFL was
significantly thicker in males compared to females. In a
previous study, all global and sectorial RNFL thickness
parameters significantly decreased with increasing age.”
Existing literature also showed a definite gender difference
in VEP parameters, with females having shorter P100
latencies and higher amplitude.”® We have taken the mean
value of RNFL thickness, GCL thickness, and VEP

a4

Vitamin D level (ng/mL) Number (%) Descriptive
statistics of
Vitamin D level
(ng/mL)

Deficiency (<20) 6 (20.0) Mean (SD): 27.71

Insufficiency (20-29) 12 (40.0) (8.58)

Normal (=30) 12 (40.0) Median (IQR): 27.80

Total 30 (100.0) (22.35, 35.25)

Range: (Minimum,
Maximum): 9, 42

IQR: Interquartile range, SD: Standard deviation

Parameters Vitamin D
Affected eye Unaffected eye

Coefficient P-value Coefficient P-value
VEP P100 -0.733 <0.001* -0.468 0.009
VEP 0.511 0.004* 0.500 0.005
Amplitude
Baseline -0.779 <0.001* -0.871 <0.001*
RFNL
Follow-up -0.687 <0.001* -0.767 <0.001*
RFNL
Change RFNL -0.667 <0.001* 0.567 0.001*
Baseline GCL -0.708 <0.001* -0.720 <0.001*
Follow-up 0.687 <0.001* 0.788 <0.001*
GCL
Change GCL -0.753 <0.001* 0.005 0.980

“Spearman Rho Correlation, *Statistically significant, VEP: Visual evoked potential,
RFNL: Retinal nerve fiber layer, GCL: Ganglion cell layer

latencies from age and gender-matched control subjects
to reduce the confounding influence. About 60% of our
study population has Vitamin D insufficiency (30 ng/mlL,
i.e., 75nmol/L) in the background of 19 out of 30 (63.3%)
age and sex-matched control populations are Vitamin
D insufficient. About 37% of the general population
being Vitamin D insufficient (30-50 nmol/L) in previous
studies.”” There is a widespread prevalence of Vitamin
D deficiency in 70-100% of the general population in
the Indian subcontinent, as reported by Ritu and Gupta.”’

The median VEP P100 latency in the affected eye was
significantly higher in the Vitamin D insufficient group.
The VEP P100 latency value of the affected eye had a good
negative correlation with serum Vitamin D level, which was
statistically significant. This finding suggests that decreased
serum 25(OH) Vitamin D level is somehow associated with
increased severity of ON as evidenced by increased VEP
P100 latency, although the same cannot be proven in the
control group with Vitamin D sufficiency and deficiency. To
the best of our literature survey, we have not found similar
observations in any previous study. This may be a novel finding
and demands further analysis to support our statement.
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Variables Vitamin D level (ng/mL) P-value*
Deficient (<30) Adequate (230)

VEP P 100 affected
Mean (SD) 129.78 (7.97) 121.0 (4.99)
Median (IQR) 132 (124.75, 136) 120 (118, 124.80) 0.006*
Range 116, 142 113, 130

VEP P 100 difference
Mean (SD) -27.06 (10.22) -25.6 (9.9)
Median (IQR) -23.5, (-33.5, -21.5) -27.5,(-32,-18.5) 0.99
Range =50, -11 -43, -9

VEP amplitude affected
Mean (SD) 5.5(3.13) 7.08 (3.01)
Median (IQR) 6.35 (2.66, 7.9) 7.35 (5.8, 9.6) 0.200
Range 0.26, 10.40 1.4,11.2

VEP amplitude difference
Mean (SD) 2.58 (1.75) 2.3 (1.44)
Median (IQR) 2.42(1.28,3.11) 2.3(1.33,3.1) 0.884
Range 0.5,6.8 0.2,5.6

RNFL affected baseline
Mean (SD) 132.21 (10.69) 118.01 (10.4)
Median (IQR) 135.09 (122.9, 139.5) 118 (113.5, 122.2) 0.001*
Range 104.9, 145.1 98.8, 139.3

GCL affected baseline
Mean (SD) 76.82 (2.04) 73.06 (3.2)
Median (IQR) 76.6 (75.28, 78.68) 72.2(71,73.7) 0.001*
Range 73.17,79.90 69.74, 81.67

RNFL affected follow up
Mean (SD) 79.93 (3.42) 74.8 (3.5)
Median (IQR) 78.96 (77.26, 83.74) 74.6 (72.04,78) 0.001*
Range 74.6,85.44 69.9, 81.2

GCL affected follow-up
Mean (SD) 64.78 (1.9) 69.02 (2.22)
Median (IQR) 64.79 (63.13, 66.28) 69.4 (67.9, 70.3) 0.001*
Range 61.33, 69.22 64.76, 72.53

RNFL difference (UA-A) baseline
Mean (SD) -40.39 (7.88) -35.06 (10.25)
Median (IQR) -42.39 (-46.15, -35.28) -35.6 (-41.4,-25.7) 0.079
Range -49.9,-16.3 -54.5,-17.7

RNFL difference (UA-A) follow-up
Mean (SD) 9.14 (6.91) 1.13 (3.5)
Median (IQR) 10.33 (6.8, 14.5) 1.64 (-2.4, 3.9) 0.001*
Range -11.27,16.29 -4.56, 6.57

GCL difference (UA-A) baseline
Mean (SD) 1.68 (3.3) 01.23 (4.11)
Median (IQR) 2.6 (-0.75, 4.32) 1.4 (-1.35, 3.07) 0.267
Range -5,5.7 -9.89, 5.16

GCL difference (UA-A) follow-up
Mean (SD) 15.13 (4.16) 4.2 (3.004)
Median (IQR) 15.39 (12.24, 18.66) 3.06 (1.75, 6.32) 0.001*
Range 7.12,22.67 1.12,9.65

*Significant in 95% confidence interval, *Mann-Whitney U-test, VEP: Visual evoked potenti
SD: Standard deviation

Significantly higher RNFL thickness value in the affected
eyes was noted at baseline among the baseline Vitamin D
insufficient compared to the Vitamin D sufficient group. This
higher RNFL thickness value in the Vitamin D insufficient
group is possibly caused by greater axoplasmic flow stasis
following inflammatory demyelination. This finding may
be related to vitamin D insufficiency. The change in RNFL
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al, RFNL: Retinal nerve fiber layer, GCL: Ganglion cell layer, IQR: Interquartile range,

thickness in the affected eye and the unaffected eye follow-
up at the end of 3 months was also significantly more in the
Vitamin D insufficient group than in the sufficient group.
There was greater RNFL thinning in the affected eyes of
subjects with ON who had Vitamin D insufficiency due
to greater retrograde axonal degeneration. Similarly, the
significant change in follow-up of RNFL thickness in the
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unaffected eyes may be related to subclinical affection of
unaffected eyes based on different etiologies of ON, that is,
MOG and neuromyelitis optica (NMO) related demyelinating
ON. Vitamin D insufficiency may be involved in greater
RNFL thinning, There was a statistically negative correlation
between RNFL thickness and serum 25(OH) Vitamin D
level at baseline. The change in RNFL thickness of subjects
with ON was statistically more significant in the Vitamin D
insufficient group than in the other group. This observation
in our study corroborates with the previous studies.”’""!

Significantly higher GCL volume in the affected eye was noted
at baseline in the Vitamin D insufficient group than sufficient
group (median 76.6 vs. 72.7 um and P=0.001). At 3-month
follow-ups, the change and the thinning in GCL volume
were significantly greater among subjects with Vitamin D
insufficiency. Kupersmith etal., also observed GCL and inner
plexiform layer thinning within 1-2 months of onset, and this
may be an early biomarker of structural injury.®

We have also noted that seven individuals out of thirty
patients have subclinical affection in the asymptomatic
eye, corroborating with increased VEP latency and RNFL
and GCL thickness during the acute presentation. Out of
seven subjects with subclinical affection, six patients had
Vitamin D insufficiency and are diagnosed MOG (five
subjects) and NMO (two subjects) related ON. These
findings are consistent with the previous reports of ongoing
subclinical structural damage with axonal loss observed in
patients with MOG and NMO but without clinical ON.**

Limitations of the study

This study has certain limitations. The sample size was
small due to the COVID-19 pandemic. Genetic variants
of the DVR gene, known to influence the serum 25(OH)
Vitamin D, and the impact of seasonal changes on serum
Vitamin D levels were not determined. The impact of
different etiologies of ON on RNFL and GCL has not
been addressed because of the limited sample size.

CONCLUSION

e Vitamin D insufficiency was found to be present in
60% of individuals with ON in our case series.

e There is an increased prevalence of ON in female
subjects, affecting individuals mostly in the third
decade of life.

e Subjects with lower Vitamin D levels correlated
with increased severity of affection of optic nerve
in the acute inflammatory state as demonstrated by
significantly increased baseline thickness of RNFL
and GCL and significantly greater RNFL and GCL
thinning at the end of 3-month follow up.
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e The severity of ON has been found in the Vitamin
D insufficient group, as evidenced by significantly
prolonged VEP P100 latency.

e  Our findings support the hypothesis that low serum
Vitamin D levels are related to unfavorable ON disease
outcomes. Further studies are required to validate our
observations and also whether Vitamin D prophylaxis
minimizes the disease severity.

ACKNOWLEDGMENTS

We thank our patients who participated in our study during
the COVID-19 pandemic and post-doctoral trainees for
helping in various ways.

REFERENCES

1. Hoorbakht H and Bagerekashi F. Optic Neuritis, its differential
diagnosis and management. Open Ophthalmol J. 2012;6:65-72.
https://doi.org/10.2174/1874364101206010065

2. Voss E, Raab P, Trebst C and Stangel M. Clinical approach to
optic neuritis: Pitfalls, red flags and differential diagnosis. Ther
Adv Neurol Disord. 2011;4(2):123-134.
https://doi.org/10.1177/1756285611398702

3. Rodriguez M, Siva A, Cross SA, O'Brien PC and Kurland LT.
Optic neuritis: A population-based study in Olmsted County,
Minnesota. Neurology. 1995;45(2):244-250.
https://doi.org/10.1212/wnl.45.2.244

4. Hickman SJ, Dalton CM, Miller DH and Plant GT. Management
of acute optic neuritis. Lancet. 2002;360(9349):1953-1962.
https://doi.org/10.1016/s0140-6736(02)11919-2

5. Atkins EJ, Biousse V and Newman NJ. The natural history of
optic neuritis. Rev Neurol Dis. 2006;3(2):45-56.

6. Singh D and Saxena R. Visual outcome and prognostic factors
of optic neuritis: A perspective from the East. Delhi J Ophthalmol.
2016(4);26:231-234.

https://doi.org/10.7869/djo.180

7. Minakaran N, De Carvalho ER, Petzold A and Wong SH. Optical
coherence tomography (OCT) in neuro-ophthalmology. Eye
(Lond). 2021;35(1):17-32.
https://doi.org/10.1038/s41433-020-01288-x

8. Costello F, Hodge W, Pan YI, Eggenberger E, Coupland S,
Kardon RH, et al. Tracking retinal nerve fiber layer loss after

optic neuritis: A prospective study using optical coherence
tomograohy. Mult Scler. 2008;14(7):893-905.

https://doi.org/10.1177/1352458508091367

9. Henderson AP, Almann DR, Trip AS, Kallis C, Jones SJ,
Schlottmann PG, et al. A serial study of retinal changes
following optic neuritis with sample size estimates for acute
neuroprotection trials. Brain. 2010;133(9):2592-2602.

https://doi.org/10.1093/brain/awq146

10. Syc SB, Saidha S, Newsome SD, Ratchford JN, Levy M,
Ford E, et al. Optical coherence tomography segmentation
reveals ganglion cell layer pathology after optic neuritis. Brain.
2012;135(Pt 2):521-533.
https://doi.org/10.1093/brain/awr264

11. Ratchford JN, Quigg ME, Conger A, Frohman T, Frohman E,
Balcer LJ, et al. Optical coherence tomography helps differentiate

Asian Journal of Medical Sciences | Jan 2024 | Vol 15 | Issue 1


https://doi.org/10.1016/s0140-6736(02)11919-2


12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Agasti, et al.: Vitamin D insufficiency in primary optic neuritis

neuromyelitis optica and MS optic neuropathies. Neurology.
2009;73(4):302-308.
https://doi.org/10.1212/WNL.0b013e3181af78b8

Naismith RT, Tutlan NT, Xu J, Klawiter EC, Shepherd J,
Trinkaus K, et al. Optical coherence tomography differs in
neuromyelitis optica compared multiple sclerosis. Neurology.
2009;72(12):1077-1182.
https://doi.org/10.1212/01.wnl.0000345042.53843.d5
Lennerstrand G. Delayed visual evoked cortical potentials in
retinal disease. Acta Ophthalmol (Copenh). 1982;60(4):497-504.
https://doi.org/10.1111/j.1755-3768.1982.tb00594 .x

Bass SJ, Sherman J, Bodis-Wollner | and Nath S. Visual evoked

potentials in macular disease. Invest Ophthalmol Vis Sci.
1985;26(8):1071-1074.

Provvedini DM, Tsoukas CD, Deftos LJ and Manolagas SC.
1,25-dihydroxyvitamin D3 receptors in human leukocytes.
Science. 1983;221(4616):1181-1183.
https://doi.org/10.1126/science.6310748

Bhalla AK, Amento EP, Clemens TL, Halick MF and
Krane SM. Specific high-affinity receptors for 1,25-dihydrovitamin
D3 in human peripheral blood mononuclear cells: Presence in
monocytes and induction in T lymphocytes following activation.
J Clin Endocronol Metab. 1983;57(6):1308-1310.
https://doi.org/10.1210/jcem-57-6-1308

Deluca HF and Cantorna MT. Vitamin D: Its role and uses in
Immunology. FASEB J. 2001;15(14):2579-2585.

https://doi.org/10.1096/fj.01-0433rev

Niino M. Vitamin D and its immunoregulatory role in multiple
sclerosis. Drugs Today (Barc). 2010;46(4):279-290.
https://doi.org/10.1358/d0t.2010.46.4.1476498

Cantorna MT, Hayes CE and Deluca HF. 1,25-Dihydroxyvitamin
D3 reversibly blocks the progression of relapsing
encephalomyelitis, a model of multiple sclerosis. Proc Natl Acad
Sci U S A. 1996;93(15):7861-7864.
https://doi.org/10.1073/pnas.93.15.7861

Kalueff AV, Eremin KO and Tuohimaa P. Mechanisms of
neuroprotective action of vitamin D(3). Biochemistry (Mosc).
2004;69(7):738-741.
https://doi.org/10.1023/b:biry.0000040196.65686.2f

Burton JM, Eliasziw M, Trufyn J, Tung C, Carter G and Costello F.
A prospective cohort study of vitamin D in optic neuritis recovery.
Mult Scler. 2017;23(1):82-93.
https://doi.org/10.1177/1352458516642315

Koduah P, Paul F and Dorr JM. Vitamin D in the prevention,
prediction and treatment of neurodegenerative and
neuroinflammatory diseases. EPMA J. 2017;8(4):313-325.

https://doi.org/10.1007/s13167-017-0120-8

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Godar MS, Sharma AK, Thapa M, Sitaula S and Gurung S.
Demographic pattern and clinical characteristics of optic neuritis in
a tertiary eye care centre. Nepal J Ophthalmol 2017;9(18):51-55.
https://doi.org/10.3126/nepjoph.v9i1.17533

Chu DT, Rosso M, Gonzalez CT, Saxena S, Healy BC, Weiner
HL, et al. Obesity is associated with the optic neuritis severity in
male patients with multiple sclerosis. Mult Scler Related Disord.
2021;51:102910.

https://doi.org/10.1016/j.msard.2021

Sung KR, Wollstein G, Bilonick RA, Townsend KA, Ishikawa H,
Kagemann L, et al. Effects of age on optical coherence tomography
measurements of healthy retinal nerve fibre layer, macula and
optic nerve head. Ophthalmology. 2009;116(6):1119-1124.
https://doi.org/10.1016/j.0phtha.2009.01.004

Sharma R, Joshi S, Singh KD and Kumar A. Visual evoked
potentials: Normative values and gender differences. J Clin
Diagn Res. 2015;9(7):CC12-CC15.
https://doi.org/10.7860/JCDR/2015/12764.6181

Holick MF. Vitamin D deficiency. N Engl J
2007;357(3):266-281.
https://doi.org/10.1056/NEJMra070553

KhadilkarA, Kajale N, Oza C, Oke R, GondhalekarK, PatwardhanV,
et al. Vitamin D status and determinants in Indian children and
adolescents: A multicentric study. Sci Rep. 2022;12(1):16790.
https://doi.org/10.1038/s41598-022-21279-0

Ritu G and Gupta A. Vitamin D deficiency in India: Prevalence,
causalities and interventions. Nutrients. 2014;6(2):729-775.
https://doi.org/10.3390/nu6020729

Salari M, Janghorbani M, Etemadifar M, Dehghani A, Razmjoo H
and Nadenan G. Effects of Vitamin D on retinal nerve fiber layer
in Vitamin D deficient patients with optic neuritis: Preliminary
findings of a randomized, placebo-controlled trial. J Res Med
Sci. 2015;20(4):372-378.

Malik MT, Healy BC, Benson LA, Kivisakk P, Musallam A,
Weiner HL, et al. Factors associated with recovery from acute

optic neuritis in patients with multiple sclerosis. Neurology.
2014;82(24):2173-2179.

https://doi.org/10.1212/WNL.0000000000000524

Kupersmith MJ, Garvin MK, Wang JK, Durbin M and
Kardon R. Retinal ganglion cell layer thinning within one month
of presentation for optic neuritis. Mult Scler. 2016;22(5):641-648.

https://doi.org/10.1177/1352458515598020

Oertel FC, Outteryck O, Knier B, Zimmermann H, Borisow N,
Bellmann-Strobl J, et al. Optical coherence tomography in myelin-
oligodendrocyte-glycoprotein  antibody-seropositive patients:
A longitudinal study. J Neuroinflammation. 2019;16(1):154.

https://doi.org/10.1186/s12974-019-1521-5

Med.

Authors Contribution:

MM- Study concept, study design, and wrote the first draft of the manuscript; NA- design and acquisition of data and was helped by Dr. Bijendra Mohanty;
AKM- Critical revision of the manuscript and provided intellectual input; SR- Writing study design, methodology, data planning, and data analysis; JM and

JC- Contributed by meticulous supervision of the study and guidance.

Work attributed to:

Department of Neuromedicine, Nil Ratan Sircar Medical College and Hospital, Kolkata, West Bengal, India.

Orcid ID:

Nirja Agasti-
Amar Kumar Misra-
Manamita Mandal-
Bijendra Mohanty-

https://orcid.org/0000-0001-5884-719X
https://orcid.org/0000-0002-0971-1218

https://orcid.org/0000-0002-7270-9727

https://orcid.org/0000-0003-4229-5612

Soumit Roy-  https://orcid.org/0000-0003-4959-4332
Joydeep Mukherjee- - https://orcid.org/0000-0003-0056-1150
Jasodhara Chaudhuri- ' https://orcid.org/0000-0002-0105-0937

Source of Support: Nil, Conflicts of Interest: None declared.

Asian Journal of Medical Sciences | Jan 2024 | Vol 15 | Issue 1

47


https://orcid.org/0000-0001-5884-719X
https://orcid.org/0000-0001-5884-719X
https://orcid.org/0000-0002-0971-1218
https://orcid.org/0000-0002-0971-1218
https://orcid.org/0000-0002-7270-9727
https://orcid.org/0000-0002-7270-9727
https://orcid.org/0000-0003-4229-5612
https://orcid.org/0000-0003-4229-5612
https://orcid.org/0000-0003-4959-4332
https://orcid.org/0000-0003-4959-4332
https://orcid.org/0000-0003-0056-1150
https://orcid.org/0000-0003-0056-1150
https://orcid.org/0000-0002-0105-0937
https://orcid.org/0000-0002-0105-0937

