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Abstract

Background: There is a known inverse association between
solar radiation and the prevalence of multiple sclerosis (MS).
Some studies have investigated the link between vitamin D
and MS. The aim of this study was to investigate the possible
association between serum 25(OH) vitamin Ds; concentration
and the severity of disease in Iranian patients with MS.
Methods: Patients with relapsing-remitting MS underwent
neurological examination, including measurement of
Expanded Disability Status Scale (EDSS) score, and were
categorized by disease severity into mild (0 < EDSS <3),
moderate (3.5 < EDSS <5.5) and severe (6 < EDSS). Serum
concentrations of 25(0OH) vitamin D, calcium, phosphorus,
magnesium and parathyroid hormone were also measured.
Results: A total of 78 (73.1% female) patients with MS were
evaluated. The mean (+ standard deviation) of age was
33.9 £ 9.2 years. The mean (+ standard error) serum
concentrations of 25(OH) vitamin D; were 36.6 £ 5.1 mg/dL,
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50.1 £ 12.6 mg/dL and 19.8 = 6.5 mg/dL in patients with
mild, moderate and severe disease, respectively. There
was a statistically significant inverse correlation between
25(0OH) vitamin Ds concentration and EDSS score
(P =0.016, r=-0.273 by Spearman rank correlation test),
which was observed in women only (P = 0.021,
r = -0.305). Receiver operating characteristic curve
analysis suggested that a serum 25(0OH) vitamin Ds;
concentration cutoff of 16.5 mg/dL could differentiate
patients with mild/moderate MS from severe disease
with 74.6% accuracy.

Conclusion: Our findings further support the association
between vitamin D and disease severity in MS.

Introduction

The prevalence of multiple sclerosis (MS) is
increasing in many developing countries, and this
has drawn research attention towards various factors
that might affect the incidence or severity of this
disease. Indeed, one of the most striking
epidemiological features of MS is a gradient of
increasing prevalence with geographic latitude (i.e.
greater prevalence with increasing distance from the
Equator).! This gradient has been observed to
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persist in some regions even after adjusting for
confounding factors such as migration patterns.# This
inverse association between the intensity of solar
radiation and the prevalence of MS was first observed
in 1960.5 In latitudes greater than 450, during the
winter months, even prolonged sunlight exposure is
inadequate to support vitamin D synthesis. During
these periods, general populations in these regions are
at risk of developing vitamin D deficiency.” Therefore,
vitamin D represents one potential link to explain the
geographic gradient of MS prevalence.

A study suggested that an individual's vitamin D
status may influence susceptibility to certain immune-
mediated diseases.® Some studies about the relation
between vitamin D and MS have revealed that vitamin
D deficiency often coexists with established MS,>10 and
that oral supplementation may be associated with a
lower risk of the disease.!1-13

Iran is located nearer to the equator than countries
with a traditionally higher prevalence of MS.
Nevertheless, the incidence of MS in Iran has recently
increased. Some clinicians believe that despite high
solar radiation, Iranians do not generally receive
adequate and effective radiation as a result of certain
ethnic and cultural factors, and consequently suffer
from low vitamin D serum levels.’* This study was
therefore performed to further investigate the
association between serum 25(OH) vitamin Ds
concentration and disease severity in Iranian patients
with MS.

Materials and Methods

Patients

This cross-sectional study was conducted at Jondishapour
Clinic in Tehran, Iran, between March and September
2007. Eligible patients had relapsing-remitting MS
(RRMS), as determined by the McDonald criteria (revision
2005).7> Reasons for exclusion were progressive MS
(primary or secondary), use of digitalis or vitamin D
supplementation, any condition predisposing to
hypercalcemia, nephrolithiasis or renal insufficiency,
pregnancy or unwillingness to use contraception and
unwillingness to restrict dietary calcium.

The study was approved by the ethics committee of
Shaheed Beheshti University of Medical Sciences,
Tehran, Iran, and was conducted in accordance with the
Declaration of Helsinki. The protocol of the treatment
was explained for the patients and written informed
consent (approved by the appropriate Institutional
Board Review) was obtained from each patient prior to
enrollment.

Clinical assessments

Neurological, clinical and magnetic resonance imaging
(MRI) assessments were conducted at the time of
patient enrollment. All clinical assessments were
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performed by a neurologist. At enrollment, patients’
neurological impairment was assessed using the
Expanded Disability —Status Scale (EDSS).1
Assessment of EDSS score was performed at almost
the same time of day for all patients, and when
patients were not in relapse or not receiving steroids.
The EDSS score is based on the neurological
examination and the patient’s ability to walk and
ranges from 0 (indicating no neurological
abnormality) to 10 (death caused by MS). Patients
were categorized by the severity of their disease:
mild (0 < EDSS <3), moderate (3.5 < EDSS < 5.5) and
severe (6 < EDSS).

Laboratory measurements

Serum concentrations of 25(OH) vitamin D3, calcium,
phosphorus, magnesium and parathyroid hormone
(PTH) were measured during the summer months.
Serum 25(0OH) vitamin D3 levels were measured
using a semi-automated solid-phase extraction
reverse-phase high-performance liquid
chromatography assay. The vitamin D was evaluated
in the same laboratory.

Statistical analysis

The data were analysed using SPSS version 15
software for Windows (SPSS Inc., Chicago, IL, USA).
The Kolmogorov-Smirnov test was performed to
evaluate normal distribution of the quantitative
variables. To test the differences of continuous
variables in study groups based on disease severity,
the Mann-Whitney U test and independent t test
were used. The Kruskal-Wallis test was used to
compare the differences between various levels of
disease severity. Associations between quantitative
variables were investigated using the Spearman
correlation test. Receiver operating characteristic
(ROC) curve analysis was also performed to assess
the predictability of disease severity with serum
vitamin D; level, and the area under curve (AUC)
and appropriate cutoff point were determined. A 5%
probability of a type I error (two-tailed) and a power
of 80% were considered in the analysis. All reported
P-values are two-tailed.

Results

A total of 78 patients with MS were evaluated.
Almost three-quarters (73.1%) were women. The
mean age was 33.9 £ 9.2 years and the mean disease
duration was 6.41 + 5.2 years. The mean EDSS score
was 3.26 + 2.2 [mean * standard deviation (SD)].
Disease severity was mild in 47 patients (60.3%),
moderate in 12 (15.4%) and severe in 19 (24.4%).
Serum concentrations of 25(OH) vitamin Ds,
calcium, phosphorus, magnesium and PTH were
measured in all patients. The mean values of 25(OH)
vitamin D3 were 36.6 + 5.1 mg/dL, 50.1 £ 12.6 mg/dL
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and 19.8 £ 6.5 mg/dL in patients with mild, moderate
and severe disease, respectively [mean + standard error
(SE)]. A statistically significant inverse correlation was
found between 25(0OH) vitamin Ds level and EDSS score
(P =0.016, r = -0.273). A statistically significant inverse
correlation was also seen between serum calcium
concentration and EDSS score (P = 0.045, r = -0.244).

Further analysis of the inverse correlation between
serum 25(0OH) vitamin Ds; concentration and disease
severity showed that this correlation was only observed
in women (P = 0.021, r = -0.305). On the other hand,
there were no significant differences between women
and men in either overall mean (+ SE) serum 25(OH)
vitamin Ds; concentration (34.6 * 51 mg/dL vs.
345 £ 62 mg/dL, P 0.988) or EDSS score
(3.07+0.2 vs.3.79+ 0.5, P = 0.205).

When patients were categorized as having
mild/moderate disease (n 59) or severe disease
(n = 19), mean serum levels of calcium, phosphorus,

magnesium and PTH were not significantly different
between these two patient groups (P > 0.05), whereas
the mean (x SE) serum 25(0OH) vitamin D3
concentrations were significantly (P = 0.001) lower in
patients with severe MS (19.8 + 28.6 mg/dL) than in
those with mild or moderate MS (39.3 + 37.2 mg/dL;
Table 1). Although patients with severe MS were
significantly older than those with mild/moderate
disease (P 0.003), there was no significant
correlation between age and serum 25(OH) vitamin
Ds concentration (P = 0.528).

ROC curve analysis showed that with an AUC of
0.746, serum 25(OH) vitamin D3 distinguished patients
with mild/moderate MS from those with severe
disease (P = 0.001, Figure 1). The cutoff of 16.5 mg/dL
for serum 25 (OH) vitamin Ds concentrations could
potentially differentiate patients with mild/moderate
MS from those with severe disease, with a sensitivity
of 66.1% and specificity of 78.9% (Figure 2).

Table 1.Demographic and clinical characteristics of patievith multiple sclerosis by disease severity

Disease severity

Mild to moder ate Severe P-value
(n=59) (n=19)
Age (years) 32.1+£8.9 39.3+7.8 0.003
Women 46 (77.9%) 11 (57.9%) 0.086
Duration of disease (years) 4.73+£3.77 116 +5.7 <0.001
Expanded Disability Status Scale 222+1.3 6.53t 0 <0.001
Serum phosphorus (mg/dL) 3.72+05 3.67+£0.7 O.77
Serum calcium (mg/dL) 9.48+0.5 8.57+£2.0 0.059
Serum magnesium (mg/dL) 2.18+0.3 2.21+0.3 0.573
Serum parathyroid (mg/dL) 62.8+37.5 43.1+£18.7 .06a
Serum vitamin D3 (mg/dL) 39.3+37.2 19.8 + 28.6 0QL
Data are are presented as mean + standard deuiatiess indicated otherwise.
1.0
0.8+
=
= 0.6
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Figure 1. Receiver operating characteristic curve analysgseofim 25(OH) vitamin P
concentration to distinguish patients with mild/mde multiple
sclerosis from those with severe disease (area Whe@urve = 0.746, P = 0.001)
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Figure 2. Plot of serum vitamin D3 concentration versus iidlials’ severity of disease.
The dotted line shows the cutpoint of 16.55 mg/dHifterentiate patients with
mild/moderate multiple sclerosis from those witheseudisease.

Discussion

We evaluated the association between serum 25(OH)
vitamin D3 concentrations and disease severity in
Iranian patients with MS, and found a statistically
significant inverse correlation between 25(OH)
vitamin Ds level and EDSS score. Sex also appeared to
be an important factor, as a statistically significant
inverse relation was only found in female patients.
This correlation was not affected by patients” age. Our
findings support the possible importance of vitamin D
status in patients with MS and its association with
disease severity.

The role of vitamin D in MS has been assessed over
the last two decades. One of the first animal studies
showed that vitamin D deficiency resulted in
increased susceptibility to experimental allergic
encephalomyelitis (EAE, an animal model of MS)."
Some of the most direct evidence comes from a large
prospective epidemiological study, which
demonstrated that the intake of vitamin D from
multivitamin supplements led to a 40% reduction in
the risk of MS among female nurses in the USA.13
Other studies reported no difference in serum 25(OH)
vitamin D; levels between patients with MS at
diagnosis and controls, when samples were obtained
during the winter months, but found lower serum
25(OH) vitamin D3 concentrations in patients with MS
during June to September.!8 In addition, patients had
lower vitamin D levels during MS relapses than in
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remission, which suggests that vitamin D could be
involved in the regulation of clinical disease activity.!8
An inverse correlation between brain MRI activity in
patients with MS and serum 25(OH) vitamin D3 levels
in the general population in southern Germany was
demonstrated in another study.'” Further, 25(OH)
vitamin D; levels were found to be lower in patients
with progressive forms of MS compared with RRMS,
and low levels were also associated with an increase
in clinical MS severity, as measured by EDSS score
and the occurrence of relapses.?0

The effects of patient sex on the correlation
between serum vitamin D concentration and MS
severity have also been demonstrated in other studies.
In EAE, dietary vitamin D delayed the onset and
severity of the disease in female but not male mice.?!
In a study on women with and without MS, every 10
nmol/L increase in serum 25(OH) vitamin Ds
concentration reduced an individual’s risk of a
diagnosis of MS by 19%. In the same study, a negative
correlation was also found between EDSS score and
serum 25(OH) vitamin D; levelin women (P = 0.020,
r = -0.29).22 In contrast, a recent study reported no
differences in serum 25(OH) vitamin D levels between
patients with MS and controls, but demonstrated
higher levels in female patients with MS than in male
patients.? These results may provide some clues into
the pathogenesis of the sex difference in the risk and
clinical manifestations of MS, and in the nature of the
environmental factors involved in MS.
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The underlying mechanism for the association
between serum 25(0OH) vitamin D3 concentration and
MS severity is currently unknown. In vitro, 1,25(OH)>
vitamin Ds;, which is produced mainly by
hydroxylation of 25(OH) vitamin D3 in the kidney,? is
a potent immune modulator that inhibits pro-
inflammatory cells and promotes anti-inflammatory
cells and cytokines.”> Patients with MS showed
changes in their cytokine profiles following dietary
supplementation with vitamin D (1000 IU/day) plus
calcium (800 mg/day).?* However, more studies are
needed to clarify the mechanism of the apparent
modulating effect of vitamin D on MS pathology.

The current study had important limitations,
including its cross-sectional design, small sample size,
and uneven group sizes when patients were
categorized by disease severity. Nevertheless, the
results from this study have allowed us to propose a
cutoff of 16.55 mg/dLfor serum 25 (OH) vitamin D3
concentrations in order to differentiate patients with
mild-to-moderate from those with severe MS. To the
best of our knowledge, our study is the first to
propose such a cutoff, which should also inform

future research into the optimal serum level of
vitamin D that is needed for the modification of
immune responses. Our findings may also be
important for understanding the increasing incidence
of MS in Iran, where recent reports have shown
prevalence of vitamin D deficiency as high as 86% in
women, 53.6% in girls and 75% in newborns during
winter in some regions of Iran.?”.28

In conclusion, our findings suggest that vitamin D
could be involved in the regulation of clinical disease
activity in MS, based on its inverse correlation with
disease severity as measured using the EDSS score.
Pilot studies have already been performed to evaluate
the effects of vitamin D supplementation on cytokine
levels and safety and tolerability in patients with
MS.2629  We Dbelieve that trials of vitamin D
supplements, both as a preventive agent for
individuals at risk and as a therapeutic agent in
female patients with MS, should be considered. In
addition, other studies designed to evaluate the
possible mechanisms of the modulatory role of
vitamin D in MS are warranted.
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