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A B S T R A C T

Background: Vitamin D supplementation is recommended for patients with multiple sclerosis (MS). However, a
recent meta-analysis based on low-quality trials suggested no evidence of supplementation benefit. A systematic
review and meta-analysis of high-quality observational cohort studies should provide us further evidences.
Methods: MEDLINE, EMBASE, and WEB-of-SCIENCE databases were systematically searched to identify eligible
studies published before October 2018. Prospective cohort studies assessing the associations of serum 25(OH)D
levels with MS relapses, radiological inflammatory lesions, or changes in expanded disability status scale in
adults (≥18 years) with MS were included. Pooled RRs were calculated using fixed-effect or random-effects
model depending on heterogeneity.
Results: Thirteen studies and 3498 patients were included. Each 25 nmol/L increase in serum 25(OH)D levels
was associated with a reduction in (1) clinical relapse rate [RR=0.90; 95% confidence interval
(CI)= 0.83–0.99], (2) gadolinium-enhancing lesions (RR=0.69; 95% CI=0.60–0.79), (3) new/enlarging T2
lesions (RR=0.86; 95% CI= 0.77–0.95), and (4) new active lesions (RR=0.81; 95% CI= 0.74–0.89) in the
magnetic resonance imaging(MRI).
Conclusions: Serum 25(OH)D levels are associated with a modest decrease in relapse rate and radiological in-
flammatory activities in patients with MS. The association with disability worsening remains inconclusive.

1. Introduction

Multiple sclerosis (MS) is an inflammatory and neurodegenerative
disorder of the central nervous system. Although the cause of MS re-
mains unknown, both genetic and environmental factors have been
implicated in the development and severity of the MS course [1].
Among odifiable environmental factors, sunlight exposure has been
hypothesized as a protective factor in the attempt to explain geographic
variations in MS prevalence and changes in risk pattern among mi-
grants [2]. The main mechanism underlying protective effect of sun-
light exposure is likely immunomodulatory effects of vitamin D [2,3].

Following evidence from observational studies suggesting a lesser

severe MS course among subjects with adequate serum vitamin D levels
[4,5], most neurologists have adopted the recommendation of pre-
scribing vitamin D supplementation as an add-on therapy. Nevertheless,
the Cochrane systematic review and meta-analysis recently published in
2018 found that current evidence for vitamin D supplementation for MS
patients was inconclusive. Authors highlighted the low-quality of ran-
domized controlled trials (RCT) they cited [6]. Most of the trials did not
have appropriate sample size and length of follow-up, caveats that
might be overcome in ongoing trials [7,8]. In the meantime, well de-
signed and conducted systematic review and meta-analysis from high-
quality observational studies may ameliorate the uncertainty and help
the clinical decision-making about vitamin D supplementation for
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patients with MS.
The objective of this systematic review and meta-analysis is to ad-

dress the association between serum 25-Hydroxyvitamin D [25(OH)D]
levels and disease outcomes in patients with clinically isolated syn-
drome (CIS) or MS by analyzing high-quality prospective cohort stu-
dies.

2. Methods

2.1. Data sources and search strategy

This review was conducted using a predefined protocol and in ac-
cordance with PRISMA [9] and MOOSE [10] guidelines. Three elec-
tronic databases (Ovid MEDLINE, EMBASE, and WEB of SCIENCE) were
searched until October 19th, 2018, without length of follow-up and
language restrictions. The computer-based searches combined con-
trolled vocabulary and free terms related to [1] vitamin D including
different names and metabolites and [2] MS including all phenotypes as
well as demyelinating diseases as a general disease ontology. Ad-
ditionally, we checked the website of National Multiple Sclerosis So-
ciety (NMSS) and reference lists of identified articles published in
2017–2018 for potentially relevant studies. We also contacted the au-
thors to ask for additional or English information as needed. Details
about terms and strategies for different databases are displayed in Ap-
pendix A.

2.2. Eligibility criteria and study selection

Studies were eligible if they were prospective cohort studies and
assessed the effect of serum 25(OH)D levels on at least one of the fol-
lowing MS outcomes: relapses, gadolinium-enhancing lesions(GEL),
new or enlarging T2 lesions, or disability assessed by expanded dis-
ability status scale (EDSS). Study population included adults
(≥18 years) with CIS or MS according to the McDonald criteria
[11,12]. Pregnant women, adults with pediatric onset MS or familial
MS were excluded.

2.3. Data extraction and study quality assessment

Two independent reviewers (EHMLP and JPH or RM and PC)
screened the titles and abstracts of all studies initially identified by
using Covidence (Covidence systematic review software, Veritas Health
Innovation, Melbourne, Australia). Any disagreement was resolved
through consultation with a third independent reviewer. We used
Endnote X7 library (Clarivate Analytics, USA) to remove duplicates. Full
texts were retrieved from studies that met study criteria. Finally, studies
that satisfied all eligibility criteria were included for the final analyses
while the others were excluded with specified reasons.

Two reviewers (EHMLP and JPH or RM and PC) independently
extracted relevant data using a predesigned form. We extracted the
characteristics of each included study, including first author's last
name, year of publication, study name, location of study, study popu-
lation, length of follow-up, serum 25(OH)D levels, relapses rate, GEL,
new or enlarging T2 lesions, EDSS, adjusted estimates with 95% con-
fidence interval(CI) and confounding variables.

Two authors (RM and PC or EHMLP and JPH) independently rated
the quality of studies, and any disagreement was resolved by a third
reviewer's evaluation. The Newcastle-Ottawa Scale (NOS) [13] for co-
hort studies was used for quality assessment and risk of bias at in-
dividual study. The maximum NOS for each study is 9, while studies
having less than 5 points are identified as at high risk of bias.

2.4. Data analysis

Exposures were evaluated as continuous [change per 25 nmol/L
serum 25(OH)D levels] and categorical [above versus below 50 nmol/L

serum 25(OH)D levels] variables.
In order to get a consistent interpretation, units of serum 25(OH)D

measurement were converted to nmol/L. For studies using continuous
exposures with a definition other than change per 25 nmol/L serum
25(OH)D, we calculated new beta coefficients and standard errors by
applying the following formula (β25nmol/L= β reported unit x conversion
factor; for instance, β 25nmol/L= β 50nmo/L x 0.5). For studies reporting
categorical exposures, we selected the risk/rate ratio reported for the
highest level of serum 25(OH)D compared to the lowest one. Subgroup
analysis using estimates without unit transformation were performed as
well. Summary of estimates were presented as mean risk differences for
continuous outcomes. For dichotomous outcomes, we calculated pooled
relative risk and 95% confidence Intervals(CI).

We quantified heterogeneity using I2 and the I2 statistic with a
value> 50% indicates substantial heterogeneity [14]. The inverse
variance-weighted method was used to combine measures using
random-effects models to address within and between studies varia-
bility if there was evidence for heterogeneity [15]. Otherwise, a fixed
effects model was used.

We evaluated publication bias by using funnel plots and Egger re-
gression symmetry tests [16]. Additionally, we defined two post-hoc
analyses using random-effects meta-regression [17] to evaluate how the
effect changed according to disease duration and length of follow-up.
We specified at least two years as the optimal length of follow-up be-
cause it is the length of follow-up for most randomized clinical trials
adopted. Sensitivity analyses were performed to investigate the effect of
a single study on the overall risk estimated by removing one study in
each turn. Results are displayed as forest plots showing relative risk and
the corresponding 95% CI for each individual study and the pooled
result. A qualitative synthesis was performed for studies that could not
be quantitatively synthetized. All tests were two-tailed and a p-value
≤.05 was considered statistically significant. Statistical analyses were
performed using Stata version 14.0 (StataCorp, College Station, TX).

3. Results

3.1. Study identification and selection

We identified 11,996 relevant articles. After removing duplicates,
we screened titles and abstracts for 6896 articles and selected 143 ar-
ticles for evaluation of their full texts. Of those, 13 studies [18–30] met
our eligibility criteria and were included in the review. Three articles
were not included in the quantitative synthesis [28–30]. We did not
calculate the pooled estimates from Loken-Amsrud et al., which used
odds ratios while other studies computed either risk or rate ratios [29].
Fig. 1 displays the flow-diagram of literature search.

3.2. Features of included studies

The 13 prospective cohort studies [18–30] reported results from
3498 patients. Study population included adults with average age of
38.5 years (interquartile range [IQR]= 35.2–40.7) and disease dura-
tion of 4.85 years (IQR=1.5–7.8), mostly females (70.2%
[IQR=67–73%]) and White Caucasians (≈90%). All subjects were
diagnosed as CIS or relapsing-remitting MS(RRMS) and mostly were
treated with disease modifying drugs and followed over 2 years
(IQR=1.25–4.65). Most studies evaluated associations between serum
25(OH)D levels as a continuous exposure with different outcomes. The
relapse rate is the most frequently reported endpoint. Table 1 shows the
summary of study population and findings of the studies.

3.3. Serum 25(OH)D levels and relapses

Eight [18,20–23,25–27] studies assessed the association between
continuous serum 25(OH)D levels and rate of a new relapse. The po-
pulation of the included studies were similar in terms of gender
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distribution, age and disease duration. However, there were geographic
differences which may be a marker of different genetic background, a
variable that was not considered in our study and may at least partially
explained the significant statistical heterogeneity across the studies
(I2= 52%, 95% CI=0–78; p-value= .044), which justified the use of
random-effects models. We found the relapse rate decreased by 10%
(IQR=1–17%) per 25 nmol/L increase in serum 25(OH)D levels
(Fig. 2A). The effect neither significantly changed with each year of
disease duration (RR=0.98, 95% CI=0.94–1.01; p-value= .188), nor
was significantly different in those with follow-up ≥2 years compared
to those with shorter follow-up (RR=1.01, 95% CI= 0.93–1.11; p-
value= .714). We did not have enough studies to test publication bias.
Three studies addressed the association using serum 25(OH)D levels as
categorical exposures [24,25,28]. We pooled two of them with the same
cut-off value (50 nmol/L) and used below 50 nmol/L as the reference. A
protective association between vitamin D and relapses was found
(RR=0.47, 95% CI=0.19–1.17, p-value of 0.105) [24,25]. The other
study used serum 25(OH)D levels above 100 nmol/L as reference also
obtained a protective effect of serum 25(OH)D levels in relapses [28].

3.4. Serum 25(OH)D levels and radiological inflammatory activities

Eight studies assessed the association between serum 25(OH)D le-
vels and radiological inflammatory activities measured as: [1] GEL

(n=6) [19–21,23,29,30]; [2] new/enlarging T2 lesions (n=4)
[21,23,29,30]; [3] new active lesions(either a GEL or a new/enlarging
T2 lesion)(n=3) [18,22,29]. The pooled effect estimates were only
obtained from studies using serum 25(OH)D levels as a continuous
exposure.

We found the rate of GEL decreased by 31% (95% CI= 21–40%)
per 25 nmol/L increase in serum 25(OH)D levels using fixed-effect
models (I2= 21%; p-value= .282) [19–21,23] (Fig. 2B). Effect size did
not significantly change with each year of disease duration (RR=0.97,
95% CI=0.80–1.17; p-value= .565). We could not analyze publica-
tion bias due to small sample size. Finally, each 25 nmol/L increase in
serum 25(OH)D was associated with a 14% (95% CI= 5–23%) lower
rate of new or enlarging T2 lesions [21,23] (Fig. 2C), and 19% (95%
CI= 11–26%) decrease in new active lesions [18,22] (Fig. 2D). The
pooled effect estimates were calculated using the fixed-effect model as
well (I2= 0% for both models). The features of the included popula-
tions in these studies were similar with a more homogeneous geo-
graphic origin (North America and Europe) as compared to the more
diverse geographic distributions in the pooled studies for relapses.

3.5. Serum 25(OH)D levels and disabilities

Four articles interrogated relationship between serum 25(OH)D and
disability worsening based on change in EDSS score [18,20–22].. All

Fig. 1. Flow-diagram of literature search in the meta-analysis.
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studies showed inverse association between serum 25(OH)D levels and
disability worsening but only one study reached statistical significance.

3.6. Heterogeneity, study quality, assessments of bias, and sensitivity
analyses

To explore the source of heterogeneity of the included studies,
sensitivity and subgroup analyses were conducted. We pre-specified the
subgroup analysis between serum 25(OH)D levels and MS outcomes
according to different types of MS (RRMS and progressive MS) and
different NOS(> 4 or≤ 4). However, the subgroup analyses to evaluate
sources of heterogeneity were not applicable because no study recruited
patients with progressive MS and all studies were ranked with
NOS > 4. We carried out a sensitivity analysis excluding one study at a
time, showing that no single study substantially affected the pooled
estimates(Appendix B, Figs. B.1 and B.2). We repeated analyses using
the original estimates without unit transformation of serum 25(OH)D to
test the robustness of the pooled estimates and found similar results
(Appendix B, Figs. B.3). Additionally, we defined two post-hoc analyses
using random-effects meta-regression [17] to evaluate how the pooled
estimates changed according to disease duration and length of follow-
up. The post-hoc analyses revealed neither disease duration nor length
of follow-up significantly changed the pooled estimates.

Overall, the quality of the included studies was good (median
NOS=9). Detailed information on the assessment of study quality was
provided as supplementary materials (Appendix C). Because of the

insufficient number of studies, neither Funnel Plot nor Egger Test [16]
could be used to assess publication bias.

4. Discussion

4.1. Main results

In this systematic review and meta-analysis, we found that each
25 nmol/L increase in serum 25(OH)D levels is associated an average
10% decrease in new relapses and a 14–31% reduction in the risk of
new radiological inflammatory activity in the middle-aged, pre-
dominantly White Caucasian population with early relapsing MS.
Relationship between serum 25(OH)D levels and disability worsening
remains inconclusive.

4.2. Strengths and limitations

This meta-analysis has some strengths. First, population was
homogeneous in terms of demographic and baseline MS-related fea-
tures, which helped interpretation of the results. Second, most of the
studies had an appropriate good quality and low risk of bias. These
studies consisted of adequate assessment of exposures and blinded as-
sessment of outcomes that are consistent with the standard care of MS
patients.

This meta-analysis also has some caveats. First, the low number of
studies in each assessment category prevented us from exploring

Fig. 2. Rate of new inflammatory activity markers per 25nmol/L increase in serum 25(OH) D levels. Forest plots from quantitative synthesis of the association
between serum 25(OH)D levels and rate of new inflammatory activity marker.
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publication bias. Second, the population in this meta-analysis only
consisted of patients with CIS or early MS and the results should not be
applied to progressive MS, which has remarkable differences in radi-
ological inflammatory activity and pathology. Similarly, nearly 90% of
the study population were White Caucasians, which limited the ap-
plicability of results toward other races and ethnicities. Third, the in-
cluded studies assessing disability worsening, which is the most re-
levant outcome in MS, were sparse and heterogeneous. Lastly, we
evaluated the association between serum 25(OH)D and new radi-
ological inflammatory activities by baseline serum 25(OH)D level under
the assumption that serum 25(OH)D levels were stable throughout the
entire follow-up of MS course.

4.3. Applicability, implications for clinical health practice and future
research

The Cochrane systematic review and meta-analysis concluded that
evidence from current RCT had very low quality and provided incon-
clusive results [6]. Our meta-analysis included high-quality observa-
tional prospective cohort studies and supported that vitamin D might
have a modest protective effect on MS course. Findings from this meta-
analysis support the current recommendation of routine assessment of
serum 25(OH)D levels in patients with MS. Nevertheless, this associa-
tion cannot be translated to modifying serum 25(OH)D levels is bene-
ficial to MS patients since the number of studies are still limited and
publication biases cannot be excluded. Future studies should focus on
establishing the guideline of adequate serum 25(OH)D levels in MS
patients. The effects of serum 25(OH)D levels in progressive MS and
non-White patients deserve further investigation as well.

5. Conclusions

This meta-analysis suggests that serum 25(OH)D levels are asso-
ciated with a modest decrease in relapse rate and radiological in-
flammatory activities in patients with relapsing MS at early stage. The
association with disability worsening remains inconclusive.
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