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Abstract

D on the levels of IL-10, IL-17, and IFN-y in MS patients.

in MS patients.

Context: Numerous studies have indicated that vitamin D can modulate the immune system and plays an important role in regu-
lating immune cells’ functions. Some clinical studies have assessed the effect of vitamin D supplementation on cytokine markers
in multiple sclerosis (MS) as a disease in which the immune system’s function is disrupted.

Evidence Acquisition: This study was designed to assess randomized clinical trial studies evaluating the overall effect of vitamin

Methods: We searched PubMed and Scopus online databases up to November 2020 for relevant randomized clinical trial studies by
using certain keywords. Eight studies from 273 articles, with a total sample of 443 participants, were considered

Results: The meta-analysis indicated that vitamin D consumption did not significantly change the levels of IL-10 (WMD :-174.56, 95%
CI:-373.10 t0 23.98), IL-17 (WMD : -0.11, 95% Cl:-0.54.10 to 0.33), or IFN-y (WMD : 61.47, 95% CI: 43.96 to 78.98) in MS patients.
Conclusions: Further clinical trials are warranted to evaluate the effects of vitamin D supplement on IL-10 and IL-17, and INF~ levels
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1. Context

Multiple sclerosis (MS) is described as an immune sys-
tem hemostasis disorder (1), in which widespread demyeli-
nation occurs in the central nervous system (2). The main
mechanism of MS includes an autoimmune inflammatory
reaction of the immune system to neurons of the cen-
tral nervous system (3). Extensive research has been con-
ducted recently to control this inflammatory response in
MS patients, but it is still impossible to completely control
MS progression (4). Numerous research studies have indi-
cated that nutritional factors are involved in the progres-
sion of MS (4, 5). One of the main nutritional factors in MS
is vitamin D (6).

Vitamin D is known as a vitamin that can maintain
and improve the immune hemostasis (7). A large body of
evidence shows that 1,25-Dihydroxy vitamin D deficiency
is directly related to the prevalence and severity of many
autoimmune diseases (7, 8). Vitamin D can affect T-cell
proliferation and functions and can regulate the immune
system function to decrease inflammatory markers in the
serum of patients with autoimmune diseases (7, 9).

2. Evidence Acquisition

There is a broad range of clinical studies that have as-
sessed the effect of vitamin D supplementation with differ-
entregimensand durations of treatment on inflammatory
markers in MS patients (9-12). However, there are contra-
dictory results regarding the effect of this vitamin on MS
patients,and only in some studies vitamin D treatment has
been able to improve inflammatory marker levels. Gen-
erally, there is a need for a comprehensive systematic re-
view and meta-analysis to summarize all the available data
from clinical trials. Therefore, the current meta-analysis
was conducted to encapsulate the current evidence on the
effects of vitamin D supplementation on the inflammatory
markers in MS patients.

3. Methods

3.1. Search Strategy

We performed a systematic review and meta-analysis
of the randomized clinical trial studies (RCTs) that assessed
the effects of vitamin D supplementation on inflammatory
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markers of MS. For this purpose, we searched PubMed and
Scopus databases up to November 2020, using the follow-
ing search terms: ("Multiple Sclerosis" OR "MS") AND ("vi-
tamin D supplementation" OR "vitamin D" OR "cholecalcif-
erol" OR "ergocalciferol" OR "Calcitriol") AND ("Inflamma-
tion" OR "inflammatory") AND (There was no restriction for
time or publish language. Also, the references lists of sim-
ilar articles were screened to avoid missing data. In addi-
tion, duplicate articles were excluded.

3.2. Inclusion Criteria

Studies with the following characteristics were en-
tered into the study: (1) RCTs that assessed the effects of vi-
tamin D supplementation on inflammatory markers (i.e.,
IL-10, IL-17, and IFN-y) of multiple sclerosis disease; (2) stud-
ies that reported mean =+ SDs for inflammatory markers,
or any other effect sizes according to which the calcula-
tion of mean + SDs was possible; and (3) studies that in-
cluded placebo and intervention groups, where the only
difference between the two groups was vitamin D intake.

3.3. Exclusion Criteria

In this meta-analysis, we did not include letters, com-
ments, short communications, reviews, meta-analyses,
and animal studies. In our initial search, we retrieved 324
articles from PubMed and Scopus databases. However, 51
studies were duplicates and were excluded. In addition, of
the remaining 273 articles, 264 studies were removed from
the study after screening the full text. Only eight studies
were eligible to enter the study (Figure 1). Five studies had
provided data for IL-10 (11,13-16), three studies for IL-17 (12, 13,
17), and three studies for [FN-y (14, 16, 18). The flow diagram
of the selection process has been shown in Figure 1.

3.4. Data Extraction

The data collected in electronic sheets (Excel, Microsoft
Office) comprised of authors’ first names, year of pub-
lication, place of measurement of inflammatory mark-
ers, number, sex, and mean age of participants in each
groups, sample size, duration of treatment with vitamin
D or placebo, duration of MS disease, treatment status
with IFN-3, study design, dosage of vitamin D, methods
of measuring outcomes, and finally, mean + SD changes
of desired variables. Data were collected by two indepen-
dent reviewers. When the data were reported in different
units, we converted them to the most frequently used unit.
Lastly, data from graphical figures were extracted by Get-
Data Graph Digitizer 2.24 (19). The summary of our data is
available in Table 1.

3.5. Quality Assessment

Each study was assessed for the quality assessment of
the risk of bias based on the Cochrane risk of bias assess-
ment tool (20). For this purpose, each study was screened
by two reviewers for the following items: (1) random se-
quence generation, (2) allocation concealment, (3) selec-
tive reporting, (4) blinding of participants and personnel,
(5)incomplete outcome data, and (6) other sources of bias.
Based on Cochrane method, studies were ranked as low
risk of bias (L), high (H), and unclear (U) for each part of
bias assessment. The assessment of risk of bias of each
study is presented in Table 2.

3.6. Statistical Analysis

Mean changes of IL-10, IL-17, and IFN-y were used to
calculate effect size. Statistical analysis was performed by
STATA Version 13.0 (TX, USA). We used the random effect
model for inverse variance. To determine heterogeneity,
we used inconsistency (I?). I> > 50% was significant for het-
erogeneity. For the assessment of items which have roles
in heterogeneity, subgroup analysis was performed for the
method of measurement (ELISA or Real-time PCR) with re-
stricting observation for the measurement route of inflam-
matory markers (serum or PBMC). When we performed
subgroup analysis, we use the fixed model of inverse vari-
ance. The effect sizes were expressed as weighted mean dif-
ference (WMD) and 95% confidence interval (CI).

4. Results

4.1. Findings from Systematic Review

The summery of characteristics of the eight RCTs as-
sessed in thisreview is presented in Figure 2. The eight RCTs
were published between 2003 and 2018 and were from Iran
(11, 13, 14, 17), the USA (18), Israel (12), and the Netherlands
(15, 16). Just one study was performed only among female
patients (11), while other studies were performed among
both genders. In two studies, it was not clear how many
patients were treated with IFN- (13, 18), but other studies
determined the percentage of patients that used IFN-3 dur-
ing vitamin D intake. Four studies used PBMC for measur-
ing inflammatory marker levels (14-16, 18), and four stud-
ies used serum (11-13, 17). The mean age of the participants
ranged between 27 and 45 years old. A total of 443 patients
had participated in these studies.

The sample size of the studies was between 15 and 45
participants. Multiple sclerosis in all the participants was
confirmed by clinical symptoms. Seven studies included a
control or placebo group and an intervention group. In the
study of Hashemi et al. 2018 (13), there were three groups:
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Search found (n=324)

Title and abstracts identified and
screened (n=273)

Eliminating duplicates
> (n=51)
> Did not meet our inclusion
criteria (n=260)

Full text articles assessed for eligibility
(n=13)

Studies Included in qualitative synthesis
(systematic review) (n=13)

Studies excluded due to

assessing other end points

] (n=5)
Studies Included in quantitative
synthesis (meta-analysis) (n = 8)
Figure 1. Flow diagram of how to select studies and enter to our assessment (Abbreviation: RCT, randomized clinical trial).
Table 1. General Characteristics of Included Studies
Author Name and Place of Measure Intervention Age Control Age Mean Duration of Duration of Dose of Vitamin Duration Outcome Outcome
Year Mean (y) (y) Disease Control Disease D/day Assessment
Mean (y) Intervention Method
Mean (y)
Ashtari etal. 2015 Serum 315 346 41 4.46 5000 1UJ5 day 3month ELISA 1L-10
(11)
Hashemi et al. Serum 32.6 317 8.1 (] 50000 IU[7 days 8 weeks Real time PCR IL-10, IL17
2018 (13)
Hashemi etal. Serum 274 317 Not clear 0 50000 IU[7 days 8 weeks Real time PCR 1L-10, 117
2018(13)
Mahon etal. 2003 PBMC Not clear Not clear Not clear Not clear 1000 IU/day 6 month Real time PCR IFN-~y
(18)
Mosayebi et al. PBMC 37 35 4.15 6.4 300000 U/ 30 day 6 month ELISA IL-10, IFN-y
2011(14)
Golan etal. 2013 Serum 431 44.7 6 93 75000 IU[ 21day 3month ELISA 117
(12)
Toghianifar et al. Serum 315 34.6 4.1 4.46 50000 IU[5day 12 week ELISA 17
2015(17)
Rolfetal. 2017 (15) PBMC 385 37.6 5.7 75 14000 IU/day 48 week ELISA 110
Muris et al. 2016 PBMC 37.7 372 73 73 14000 IU/day 48 week ELISA IL-10,IEN-y

(16)

(1) multiple sclerosis, (2) first-degree relative participants,
and (3) healthy participants. Also, in Golan et al. 2013 (12)
study, the effects of short- and long-term consumption of
vitamin D on inflammatory markers was assessed just in
the intervention group. The dosage of vitamin D supple-
mentation varied from 14000 IU/day to 300000 IU[30 days,

] Arch Mil Med. 2021; 9(1):e112426.

and the duration of intervention spanned from 8 to 48
weeks across the selected RCTs. All the studies had used the
parallel method.

In the study of Mahon et al. 2003 (18), participants in
the vitamin D and control groups received calcium in addi-
tion to the main intervention. Just one study used the Real-
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Table 2. Assessment of Risk of Bias of Each Included Study

Author Name Random Allocation Selective Blinding Blinding Incomplete Other Sources

and Year Sequence Concealment Reporting (Participants (Outcome Outcome Data of Bias
Generation and Personnel) Assessment)

Ashtari et al. L U H L L L H

2015 (11)

Hashemi et al. L H L 1L H L H

2018 (13)

Mahon et al. L H L L U L H

2003 (18)

Mosayebi et al. L U 0] L U L L

2011 (14)

Golan et al. L U H L U H L

2013 (12)

Toghainfar et L U L L U L 1L

al. 2015 (17)

Rolfetal. 2017 L H H U U L L

(15)

Muris et al. L H H U 0] L L

2016 (16)

time PCR method to measure inflammatory markers (13),
while others used the ELISA method. No study was marked
as high-quality based on the Cochrane risk of bias assess-
ment tool. Seven RCTs were marked as moderate-quality,
and those studies with one or more fields of risk of bias
had an unclear mark. One study had low quality since it
had a high risk of bias for three more fields (Table 2). In five
studies assessing IL-10 marker, four studies showed a signif-
icantincreasein the level of [L-10, whereas one study (16) re-
vealed no significant change in the level of IL-10. Hashemi
etal. 2018 (13) reported a significant decrease in the level of
[L-17expression, but in Toghianfar et al. 2015 (17) study, IL-17
rised after the trial in the control group and in the interven-
tion group, IL-17 decreased in comparison to the baseline
level. In Golan et al. 2013 (12) study, treatment with vitamin
D declined IL-17 marker in three months, but in continuing
treatment with vitamin D, IL-17 surged significantly in the
intervention group. IFN-y level did not improve in Muris et
al. 2016 (16), and Mosayebi et al. 2011 (14) studies after treat-
mentwith vitamin D, and the level of IFN-y increased in the
placebo and intervention groups. In the study of Mahon et
al. 2003 (18) also the results were inconclusive and the level
of IFN-y did not change significantly in the placebo and vi-
tamin D supplementation groups.

4.2. Findings from Meta-analysis
4.2.1. The Effect of Vitamin D Supplementation on IL-10 Level in
MS Patients

Overall, two studies with a total population of 139
adults analyzed the impact of vitamin D supplementation

on IL-10 in MS patients. Our meta-analysis showed no sig-
nificant effect of vitamin D on IL-10 level in these two stud-
ies [WMD:-174.56,95% CI:(-373.10 t023.98)]. Also, there was a
significant heterogeneity between the studies (I*: 98.7%, P=
0.000) (Figure 2). We performed subgroup analysis for the
measurement method (ELISA or Real-time PCR) and route
of measurement (serum or PBMC) separately to determine
the cause of heterogeneity. Our results showed no signifi-
cant alteration in the serum level of IL-10 in the two meth-
ods of measurement [WMD: -0.10, 95% CI: (-0.44 to 0.24), I
= 0.000%, P = 0.495; Figure 2]. Also, our subgroup analy-
sis showed no significant change in IL-10 level while using
PBMC [WMD: 722.32, 95% CI: (634.05 to 810.60), I = 98.5%,
P =0.000; Figure 3]. Our data displayed that the route of
measurement of IL-10 (serum or PBMC) and the measuring
methods affect heterogeneity.

4.2.2. The Effect of Vitamin D Supplementation on IL-17 Level in
MS Patients

Overall, three studies with a total population of 169
adults analyzed the impact of vitamin D supplementation
on the serum level of IL-17in MS patients. Our meta-analysis
showed that vitamin D had no significant effect on IL-17
level in these studies [WMD:-0.11, 95% CI: (-0.54.10 to 0.33)].
Also, there was a significant heterogeneity between the
studies (I*: 67.2%, P= 0.048). We carried out subgroup anal-
ysis for measurement method (ELISA or real-time PCR) to
determine the cause of heterogeneity. All the measure-
ments were performed using serum. Our results showed
nosignificantchange in IL-17level while using the real-time

J Arch Mil Med. 2021; 9(1):e112426.
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D WMD (95% CT) Weight
Measurement of IL-10 in Serum

ELISA

Ashtari et al (2015) 1.27 (-1.99, 4.53) 1.06

Subtotal (I-squared= %, p=.) = = 127(199.45) 1.06

Real Tme PCR

Hashemi et al (2018) —_ 0.09 (-0.49, 0.67) 3347

Hacherni et al (2018) —.r -0.22 (-0.64, 0.20) 65.47

Subtotal (I-squared = 0.0%, p = 0.395) <} -0.12 (-0.45, 0.22) 98.94

Heterogeneity Between Groups: p = 0.408

Overall (I-squared = 0.0%, p = 0.495) <> -0.10 (-0.44,0.24) 100.00

T
-4.53

T

0 4.53

Figure 2. Forest plots for the effect of vitamin D supplementation on IL-10 level in serum analysis in MS patients with subgroup for the method of measurement. Data is ex-
pressed as mean differences between the control and vitamin D supplementation groups. The inverse of the variance of the weighted mean difference (WMD) is the area of each
square. Horizontal lines represent 95% Cls. Diamonds show pooled mean estimates from fixed-effects analysis. Subgroup analysis was used for the method of measurement.

PCR method of measurement [WMD: -0.04, 95% CI: (-0.48
to 0.4)]. With the ELISA method, a significant decrease in
the serum level of IL-17 following vitamin D supplementa-
tion was noted (WMD: -4.51, 95% CI: (-8.04,-0.98), I*: 0.0%, P
= 0.891]. Our findings indicated that method of measure-
ment affects heterogeneity (Figure 4).

4.2.3. The Effect of Vitamin D Supplementation on IFN-y Level in
MS Patients

Three studies with a total population of 149 adults an-
alyzed the impact of vitamin D supplementation on IFN-
~ level in MS patients. Our meta-analysis indicated that
vitamin D had no significant effect on the pooled mean
level of IFN-v in these three studies [WMD: 35.90, 95% CL:
(19.50 to 52.31)]. Also, there was significant heterogeneity
between these studies (I*: 97.1%, P = 0.000). We performed
subgroup analysis for the measurement method (ELISA or
real time PCR) to determine the cause of heterogeneity. All
the measurements were carried out using PBMC. Our re-
sults showed no significant change in IL-17 level with the
real-time PCR method of measurement [WMD: 61.47, 95%

] Arch Mil Med. 2021; 9(1):e112426.

CI: (43.96 to 78.98)]. With the ELISA method, a significant
decrease in the level of IFN-y in PBMC was noted [WMD: -
147.99, 95% CI:(-194.95,-101.03), I*: 61.2%, P= 0.108]. Our find-
ings exhibited that the method of measurement impacts
heterogeneity (Figure 5).

5. Discussion

In this systematic review and meta-analysis of clinical
trial studies, we noted thatvitamin D does not significantly
affect IL-10, IL-17, and IFN-y in MS patients. Three studies
evaluating the level of IL-10 reported that the level of this
marker increased as a result of treatment with vitamin D
supplementation (11, 13, 14). But other studies reported no
significant change in IL-10 level (15, 16). IL-10 is an anti-
inflammatory cytokine in MS patients (20). An upturn in
the level of IL-10 can modulate the immune system and in-
hibit the progression of encephalomyelitis in MS patients
(21). Studies showed a significant decrease in the level of IL-
10 in MS patients (20, 22). Subgroup analysis did not reveal
asignificantalteration in the pooled mean of IL-10 in MS pa-
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o]

Measurement of IL-10 in PBMC with ELISA Method

Mosayebs et al (2011)

Muns et al (2016)

Roff et a1 (2017)

WMD (95% CI)

* 103000 (927.08, 1132.92)

~174.56 (-373.10, 23 98)

13,00 (-354.76, 328.76)

Overall (I-squared =98 5%, p=0.000)

722,32 (634.05, $10.60)

Weight

7356

19.77

6.67

100.00

T T
-1133 0 1133

Figure 3. Forest plots for the effect of vitamin D supplementation on IL-10 level in PBMC in MS patients with the ELISA method. Data is expressed as mean differences between
the control and vitamin D supplementation groups. The inverse of the variance of the weighted mean difference (WMD) is the area of each square. Horizontal lines represent
95% Cls. Diamonds show pooled mean estimates from fixed-effects analysis.

D
Measurement of IL-17 inSerum
ELISA
Golan et al (2013)
Toghainfar et al (2015)
Subtotal (I-squared = 0.0%, p = 0.891)

RealTime PCR
Hashemi et al (2018)
Subtotal (I-squared = %, p=.)

Heterogeneity betweenGroups: p = 0.014

Overall (I-squared = 67.2%, p = 0.048)

WMD (95% CI)

-4.58 (-8.24, -0.92)
-3.62 (-16.89, 9.65)
-4.51 (-8.04, -0.98)

-0.04 (-0.48, 0.40)
-0.04 (-0.48, 0.40)

-0.11 (-0.54, 0.33)

Weight

1.41

0.11

98.48

98.48

100.00

T
-16.9 0

T
16.9

Figure 4. Forest plots for the effect of vitamin D supplementation on IL-17 level in serum of MS patients expressed as mean differences between the control and vitamin D
supplementation groups. The inverse of the variance of the weighted mean difference (WMD) is the area of each square. Horizontal lines represent 95% Cls. Diamonds show

pooled mean estimates from fixed-effects analysis.
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D WMD (95% CI) Weight
i
ELISA |
1
1
Mosayebi et al (2011) —_— ! -160.00 (-209.19, -110.81) 11.12
1
Mouris et al (2016) I -24.70 (-182.30, 132.90) 1.08
1
1
Subtotal (I-squared =61.2%. p=0.108) <> H -147.99 (-194.95, -101.03) 1221
1
1
|
1
Real Time PCR :
1
Mahon et al (2003) E-o- 61.47 (43.96, 78.98) 87.79
1
Subtotal (I-squared=%.p=.) :O 61.47 (43.96,78.98) 87.79
1
1
1
i
Heterogeneity Between Groups: p = 0.000 :
1
Overall (I-squared = 97.1%, p = 0.000) @ 35.90(19.50, 52.31) 100.00
1
1
|
T ! T
=209 200

Figure 5. Forest plots for the effect of vitamin D supplementation on IFN-y level in PBMC of MS patients expressed as mean differences between the intervention and control
groups. The inverse of the variance of the weighted mean difference (WMD) is the area of each square. Horizontal lines represent 95% CIs. Diamonds show pooled mean
estimates from fixed-effects analysis. Subgroup analysis was applied for the method of measurement.

tients. This finding could be due to variation in the dosage
and duration of treatment with vitamin D, difference be-
tween methods of measurement, difference between the
route of IL-10 measurement, and the limited number of
studies included in the meta-analysis.

Also, our meta-analysis showed that the level of IL-17
did not alter significantly following treatment with vita-
min D supplementation. However, subgroup analysis ex-
hibited a significant decrease in the serum level of IL-17
using the ELISA methods. IL-17 is known as an inflamma-
tory marker, which can stimulate releasing many cytokine
factors and proceed demyelination in MS (23, 24). IL-17
plays an essential role in several autoimmune diseases (25).
Analysis of the level of IFN-y demonstrated no significant
change in the level of this marker, but subgroup analysis
based on measurement method proved a significant de-
crease in the level of IFN-y when using PBMC and the ELISA
method. There is a massive immune response in MS pa-
tients and many factors are involved in MS; however, there
is limit data as to the effects of environmental factors like
nutrition and intake of different vitamins on MS.

] Arch Mil Med. 2021; 9(1):e112426.

5.1. Conclusion

To evaluate the effect of vitamin D supplementation
further clinical trial studies are required. A limitation of
this meta-analysis was the limited number of articles per-
forming subgroup analysis for the dosage of vitamin D, du-
ration, and patients who received treatment with IFN-3 or
not in duration of intervention to determine the effects of
these items in the final results. These factors are highly im-
portant in the final results of systematic reviews and meta-
analyses. In sum, based on the available data, there is a lack
of strong evidence corroborating the impact of vitamins
on immune factors in MS.
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