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ABSTRACT

Background: Some studies on Multiple Sclerosis (MS) have suggested that adequate
vitamin D intake can modulate the course of MS and decreases its incidence. However,
there are limited studies with conflicting findings on the relation between MS severity, its
course, and vitamin D intake.

Objectives: The current study aimed to compare vitamin D intake and sunlight exposure between
MS phenotypes and evaluate their association with disability and fatigue in each phenotype.

Materials & Methods: A total of 197 patients with MS were recruited from patients referring
to MS clinic in Kashani Hospital in Isfahan, Iran. Subjects were assessed for sunlight exposure,
vitamin D intake, physical activity, and fatigue. SPSS was used for statistical analysis. P<0.05 were
set as significant.

Results: According to the obtained results, expanded disability status scale and fatigue scale scores in
Primary-Progressive MS (PPMS) and Secondary-Progressive MS (SPMS) groups were higher than
Relapsing-Remitting MS (RRMS) group. In addition, patients in RRMS group had higher scores
L of sun exposure and physical activity, compared to SPMS and PPMS groups. We found a negative
Article info: correlation between the scores of fatigue scale and sunlight exposure scale in RRMS patients.
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Highlights
e Vitamin D intake is inversely related to disability in patients with relapsing-remitting MS.

o Sunlight exposure is inversely related to disability and fatigue in patients with primary progressive MS and relapsing
remitting MS.

o Increased risk of relapse in MS is related to low serum levels of vitamin D.

Plain Language Summary

It is believed that sufficient vitamin D intake protects individuals from multiple sclerosis and decreases the disease occur-
ance. However, few studies are available on the relationship between disease progression/severity and vitamin D intake,
albeit with conflicting findings. For this study, a total of 197 MS patients were recruited from MS clinic in Kashani Hospital
of Isfahan University of Medical Sciences, Isfahan, Iran. Subjects were assessed for their vitamin D intake, physical activ-
ity, sunlight exposure, and fatigue. According to the obtained data, primary progressive MS and secondary progressive MS
groups had significantly higher fatigue scale score and expanded disability status scale score than relapsing remitting MS
group. We found a negative relationship between disability and vitamin D intake in relapsing remitting MS patients. Further

studies with larger sample sizes and stronger methodologies are required to evaluate our findings.

Introduction

ultiple Sclerosis (MS) is a chronic au-

toimmune disease of Central Nervous

System (CNS) [1], characterized by

demyelinated lesions in the brain and

spinal cord [2]. It has 3 clinical course

types:  Relapsing-Remitting ~ MS
(RRMS), Primary-Progressive MS (PPMS), and Sec-
ondary-Progressive MS (SPMS) [3, 4]. In RRMS, the
patient experiences relapses associated with the forma-
tion of brain lesions, followed by remissions. In PPMS
patients, the CNS neurons degenerate progressively
and there are no relapses or remissions [4]. RRMS may
progress to SPMS in some cases [4].

Various factors affect MS and its complex course [2].
The pathogenesis of this disease is still not fully rec-
ognized; however, a variety of responsible factors are
suggested, including environment and nutrition [2, 5,
6]. In addition, MS patients may be at risk for various
types of malnutrition or inappropriate diet which wors-
en their symptoms [6]. Dietary supplements are com-
monly used among these patients, although the efficacy
of these supplements is unclear and requires further
investigations [6, 7].

Studies on MS patients have suggested that taking ad-
equate vitamin D can modulate the course of MS and
leads to lower incidence of MS [8-10]. However, stud-
ies on the relationship between MS severity and MS

course and vitamin D intake are limited and reported
conflicting findings [11, 12]. Moreover, the main source
of vitamin D in the body is sunlight exposure. Vitamin
D is suggested to have an inverse association with the
progression of MS [8, 13, 14]. Sunlight exposure and
vitamin D intake and their relation with MS symptoms
is not well investigated by researchers. Here, we aimed
to compare sunlight exposure and vitamin D intake be-
tween MS phenotypes and evaluate their association
with disability and fatigue in each phenotype.

Materials and Methods
Study design and participants

This was a cross-sectional investigation conducted in
Isfahan, Iran, in June 2017. A total of 197 MS patients
referring to MS Clinic in Kashani Hospital in Isfahan,
Iran were recruited. Their brain and spinal cord were
assessed by Magnetic Resonance Imaging (MRI) to
confirm the diagnosis of MS. We included subjects di-
agnosed with MS (all types) according to McDonald’s
criteria [15]. An equal number of patients from each
phenotype of the disease were enrolled in the study.
The exclusion criteria consisted of comorbidities or
chronic diseases, consuming cholecalciferol, calcium
and mineral supplementation, multivitamin or Vitamin
D rich foods within 3 months prior to the study, and liv-
ing in other cities with different latitude.
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Procedure and measurements

Demographic data and clinical features including sex,
age, weight, height, Expanded Disability Status Scale
(EDSS) and systolic and diastolic blood pressure were col-
lected from all study patients. Also, subjects were assessed
for sunlight exposure, vitamin D intake, physical activity,
and fatigue, as explained in the following paragraphs.

Vitamin D intake assessment

We assessed patients’ dietary intake, especially vitamin
D and calcium by a 168-item Food Frequency Question-
naire (FFQ). We reported frequencies of food intakes on a
daily, weekly, or monthly basis, over 3 months after enroll-
ment. Calcium content of foods was derived by Nutrition-
it IV software (First Databank; Hearst; San Bruno; CA;
USA). Some Iranian food items were used in the software
in accordance with the Food Composition Table of Iran
[16]. We evaluated Vitamin D intake considering the “Pro-
visional Table on the Vitamin D Content of Foods” pre-
pared by the United States Department of Agriculture [17].

Sunlight exposure assessment

The questionnaire developed by Glanz et al. was used
to measure the mean score of sunlight exposure as well
as the amount of time that the patients spend in the sun
and lifestyle-related sun exposure habits during the first 3
months after enrollment [18]. It includes questions about
the amount of time that patients spent outdoors or in the
sun, Sun Protection Factor (SPF), use of sunscreen, skin
pigmentation, and clothing type. The total scores of this
inventory could range from 4 to 14. Higher scores indicate
more sunlight exposure.

Physical activity assessment

We used a self-reported activity questionnaire developed
by Aadahl et al. and calculated physical activity by mul-
tiplying the obtained score by hour and day. The scores
of this questionnaire range from 0.9 (rest/sleep) to 6 (high
physical activity). The questionnaire was previously used
in studies conducted in Iran [19, 20].

Fatigue Scale assessment

Krupp et al. developed Fatigue Severity Scale (FSS) to
assess the severity of fatigue in chronic diseases like MS
and lupus [21]. The scores of this scale range from 1 (high-
ly disagree) to 7 (highly agree/high fatigue levels). FSS
evaluates fatigue in 9 items based on a Likert scale. The
Persian version of this scale obtained the internal consis-
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tency (Cronbach’s alpha) and test-retest reliability as 0.98
and 0.93, respectively.

Statistical analysis

Normal distribution of variables among SPMS, RRMS
and PPMS participants was examined by Shapiro-Wilk
test. All variables including EDSS, fatigue scale score,
vitamin D intake and sunlight exposure scores were nor-
mally distributed. We used 1-way Analysis of Variance
(ANOVA) for comparing the mean scores of variables
between MS subgroups. Sex and age were considered as
covariates in 1-way ANOVA; however, they did not affect
the results and therefore were excluded from the analysis.
We used Pearson correlation test to assess the correlation
between MS subtypes and fatigue scale, EDSS, vitamin D
intake and sunlight exposure. SPSS was used for statistical
analysis. P values of <0.05 were set as significant.

Results

A total of 197 MS patients were initially included and
71 of them were excluded because of comorbidities. The
final study population included 42 patients of SPMS,
RRMS, and PPMS. Demographic characteristics of cas-
es are presented in Table 1. According to the presented
data, age, gender, diastolic and systolic blood pressure
did not have any statistical differences between SPMS,
RRMS and PPMS groups, while BMI and weight were
statistically different between the groups.

The Mean+SD scores of fatigue scale, EDSS, vitamin
D intake and sunlight exposure are listed in Table 2. Ac-
cording to the results, EDSS and the scores of fatigue
scale in the PPMS (4.69+1.78 and 53.00+2.02) and
SPMS (4.31+2.04 and 42.95+12.84) groups were higher
than the RRMS group (0.92+1.01 and 53.00+2.02). In
addition, patients in the RRMS group had significantly
higher scores of sunlight exposure (11.09+1.30) and
physical activity (36.90+3.72), compared to the SPMS
(9.40+1.84 and 34.95+4.61) and PPMS (7.28+2.00 and
32.00£1.01) groups. Vitamin D intake was not statisti-
cally different between the groups.

Pearson correlation test results of EDSS with respect to
the scores of vitamin D intake and sunlight exposure in
each group are presented in Table 3. We found a nega-
tive relationship between vitamin D intake and EDSS in
the RRMS group (r=-0.345, P=0.025). Also, a negative
correlation was found between sunlight exposure scores
and EDSS in the RRMS (r=-0.796, P<0.001) and the
PPMS (r=-0.894, P<0.001) groups. Pearson correlation
test for the score of fatigue scale with respect to vita-
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Table 1. General characteristics of the study population (n=42)

Variables SPMS RRMS PPMS P

Age,y 41.4548.2 32.14+7.22 39.83+8.17 0.348
Male 9(21.4%) 8(19%) 11(26.2%)

Gender 0.725
Female 33(78.6%) 34(81%) 31(73.8%)

BMI, kg/m? 24.31+3.54 23.64+3.91 27.35+4.87 0.006

Weight, kg 63.22+7.4 64.28+9.28 76.00+7.08 0.001

Systolic blood pressure, mm Hg 12.11+0.50 12.04+0.58 11.50+0.50 0.812

Diastolic blood pressure, mm Hg 8.11+0.50 8.09+0.53 8.00+0.00 0.404

All values are presented as Mean+SD or (%); P was obtained by 1-way ANOVA.

min D intake and sunlight exposure scores in each group
are listed in Table 4. There was a negative correlation
between fatigue scores and sunlight exposure scores in
the RRMS (1=-0.402, P=0.008) and the PPMS (r=0.650,
P<0.001) groups.

Discussion

MS phenotypes are clinically defined based on the dif-
ferent disease courses. The most common type of MS
is RRMS, marked by relapses followed by periods of
remission where symptoms improve or may disappear
[4,22]. In SPMS, patients experience continued worsen-
ing or stability of symptoms and in PPMS, symptoms
worsen gradually [4, 22]. According to these differences,
RRMS patients are expected to experience less disabili-
ties and perform more physical activity. This explains
our findings on lower EDSS and higher physical activity
scale in the RRMS group, as well as greater weight and
BMI in the PPMS group, due to less physical activity.
Fatigue is the most frequently reported symptom by MS
patients occurring in 50%-90% of cases [23, 24].

The present study showed higher scores of fatigue
scale in PPMS group. This can be explained by the fact
that the severity of fatigue is correlated with the disease
severity and activity [24]. One of the environmental fac-
tors that affects the risk of developing MS is vitamin D
[8, 25]. Inadequate vitamin D intake is correlated with a
higher risk for MS [9, 26]. Also, higher vitamin D intake
in dietary regimen leads to lower incidence of MS [10,
27]. On the other hand, increased risk of relapses is re-
lated to low serum levels of vitamin D [28, 29].

Simson et al. showed that a 10 nmol/L increase of se-
rum levels of 25 (OH)-vitamin D reduces the risk for re-
lapse up to 9%-12% in RRMS patients [30]. Moreover,
it is shown that vitamin D serum levels are inversely
associated with disease severity [31-33]. These findings
confirm the immunomodulatory effect of vitamin D in
MS. The serum levels of vitamin D were not evaluated
in this study; however, the effect of vitamin D intake was
not significantly different between the MS types.

Table 2. EDSS, fatigue, vitamin D, sunlight exposure, and Physical activity in SPMS, RRMS and PPMS patients (n=42)

Variables SPMS RRMS PPMS P
EDSS 4.31+2.04 0.92+1.01 4.69+1.78 <0.001
Fatigue Scale scores 42.95+12.84 34.61+14.17 53.00+2.02 <0.001
Vitamin D intake, mcg/d 1.46+1.114 1.31+1.110 1.60+1.117 0.554
Sunlight exposure scale scores 9.40+1.84 11.09+1.30 7.28+2.00 <0.001
Physical activity scale 34.95+4.61 36.90+3.72 32.00£1.01 <0.001
P was obtained by 1-way ANOVA. /r//\ CINS
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Table 3. Pearson correlation test in terms of EDSS and vitamin D intake and sun exposure scale (n=42)

SPMS RRMS PPMS
Variables
B P B P B P
Vitamin D intake, mcg/d -0.166 0.292 -0.345 0.025 -0.023 0.885
Sun exposure scale -0.243 0.121 -0.796 <0.001 -0.894 <0.001

Table 4. Pearson correlation test for fatigue scale with respect to vitamin D intake and sun exposure scale

SPMS RRMS PPMS
Variables
B P B P B P
Vitamin D intake, mcg/d -0.054 0.726 -0.300 0.053 -0.196 0.215
Sun exposure scale -0.238 0.129 -0.402 0.008 -0.650 <0.001

According to cross-sectional studies, higher vitamin D
level is also correlated with lower scores of EDSS in MS
patients [32-34]. Additionally, Ascherio et al. measured
the serum levels of 25 (OH)-vitamin D in a prospective
study for 5 years, looking for brain lesions on MRI as
well as relapses and EDSS. They found that vitamin D
can affect disease progression and activity, because there
was an inverse relationship between the serum levels of
vitamin D and the disease severity [35]. This study found
that higher vitamin D intake is inversely correlated with
the scores of EDSS in RRMS patients, which is consis-
tent with previous findings.

There is a correlation between sunlight exposure, skin
color, use of sunscreen, sun avoidance behaviors, the
geographical features of the region and the season [9].
It is strongly related to the serum levels of 25 (OH)-
vitamin D and have immunosuppressive effects, both
independently and due to vitamin D production [9,
36]. Investigations on the association of sunlight ex-
posure and MS progression have reported inconsistent
findings, mostly because of different measurement ap-
proaches and study designs. A case-control investiga-
tion revealed that a considerable number of patients
have spent at least 2 hours outdoors per day in the sum-
mer during childhood, while another case-control study
reported no relationship between the time spent out-
doors in the summer and disease progression [37, 38].

In both studies, results were affected by selection bias.
In contrast, recent studies have provided evidence on the
protective effect of sunlight exposure for MS progres-
sion [39]. A study reported that MS risk is inversely cor-

&) CJ N S

related with sunlight exposure, using actinic skin damage
for measuring sun exposure [13]. Another study reported
similar findings using sunlight exposure questionnaires
12:53 PM. Similarly, a study on monozygotic twins
showed lower sunlight exposure in MS cases, compared
to their healthy twin [40].

Despite these findings, limited studies have evaluated
the effect of sunlight exposure on MS progression and
severity. Tremlett et al. prospectively followed a group
of RRMS patients in southern Tasmania and evaluated
the association between some environmental factors
and MS relapse. They reported an inverse association
between ultraviolet radiation and relapse rates after an
average follow up of 2.3 years [41]. MS mortality is
also seen to be lower in outdoor workers in areas with
high sunlight intensity [42].

In this study, patients in RRMS and PPMS groups
reported more fatigue when they were exposed to sun-
light for fewer hours. Although none of the previous
studies have evaluated the association between sunlight
exposure, disability and fatigue, our results seem to be
consistent with the theory of protective and immuno-
modulatory effect of sunlight exposure and ultraviolet
radiation in MS [9].

Conclusion

This study evaluated the effect of adequate vitamin D
intake and sunlight exposure on MS severity and course.
In the RRMS patients, vitamin D intake was inversely
correlated with the scores of EDSS. Also, we found that
sunlight exposure is inversely associated with the scores
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of EDSS and fatigue in PPMS and RRMS patients. Fur-
ther studies with stronger methodologies and larger sam-
ple sizes are required to evaluate our findings.

One limitation to our study was that participants were
not selected randomly and were not properly matched
which may lead to selection bias. Also, the obtained as-
sociations may be interpreted inversely, due to the re-
verse causation bias that may have happened because
of the study design. Eventually, sunlight exposure was
measured using a questionnaire, while more precise
methods like actinic damage may result in different find-
ings. Despite these limitation, we tried to minimize the
recall bias by conducting the study, prospectively. Also,
we tried to include all MS types, while previous studies
mostly focused on RRMS.
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