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CONTEXT AND POLICY ISSUES

Multiple sclerosis (MS) is a chronic, relapsing, inflammatory condition of the central nervous
system (CNS). It is characterized by destruction of myelin and subsequent deposits of scar
tissue, and results in debilitating physical and cognitive deficits, as well as a substantial burden
on quality of life. Although treatment advances have led to improved longevity, overall MS-
attributed mortality rates have not changed over time.* Further, recent surveillance indicates that
the prevalence of MS is increasing, particularly in women.”* It is the most common
demyelinating condition of the CNS affecting an estimated 2.5 million people worldwide,*® and
an estimated 100 thousand in Canada.” The prevalence of MS in Canada is one of the highest
rates in the world, and nine times higher that of the global average.**™ This is reflected in
substantial direct and indirect healthcare costs,*! with lifetime costs to MS sufferers in Canada
likely exceeding 1.5 million dollars.***®

Diagnosis of MS is commonly made using McDonald criteria, which aims to determine the
presence of demyelinating lesions.'* Alternative criteria are available, and the combination of
clinical assessment, neurological examination (including nerve conduction studies), medical
imaging, and spinal fluid analysis may be implemented.™ Disease presentation varies
substantially depending on the MS phenotype (i.e., relapsing-remitting [RRMS], primary
progressive, secondary progressive, progressive-relapsing, clinically isolated syndrome) in
terms of symptoms, pace, and progression.'® The most common phenotype is RRMS, which is
associated with alternating bouts of relapse and remission. Progressive MS is characterized by
consistently worsening disability. Disability is often quantified using the Kurtzke Expanded
Disability Status Scale (EDSS), which is a standardized measure that considers neurological
and functional aspects of the disease.'’ In Canada, several disease-modifying agents are
currently approved for use in MS including interferon (IFN)-B."* Treatment effectiveness is
difficult to ascertain in MS due to fluctuations in symptoms and frequent relapse and remission
periods. Treatments aim to maximize recovery from relapses, prevent fatigue and infection, and
postpone bedridden stages of disease as no proven treatments exist for changing the course of
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MS. Physical therapy may address functional disabilities, and pharmaceuticals may address
spasticity and immunological symptoms.

The precise cause of MS remains unclear. Minor familial tendencies, geographic susceptibility,
and viral infections (e.g., Epstein-Barr) have been highlighted as potential triggers.™® Multiple
sclerosis is more common in young adults, women, smokers, individuals who have had Epstein
Barr virus, obese individuals, and individuals who live farther from the equator.®>**** Latitude is
inherently tied to sun exposure, and consequently, vitamin D status has also been speculated
as a potential determinant of MS risk as well as a potential therapeutic option.***

Vitamin D is an essential fat-soluble vitamin obtained through exposure to sunlight as well as
dietary sources such as animal protein, fish liver oil, and fortified dairy and cereal products.
Adults are recommended to consume 600 international units (IU) of vitamin D per day to
maintain adequate vitamin D status, which is defined as serum 25 hydroxyvitamin D (25(OH)D)
concentrations greater than 75 nmol/L.** Deficiency is accepted to occur below 30 nmol/L,
though there is considerable debate about these cut-offs.* Vitamin D deficiency manifests as
osteomalacia in adults, which may lead to osteoporosis, falls and fractures. It has also been
associated with an increased risk of certain cancers, autoimmune diseases, cardiovascular
disease, and infectious diseases.”® Conversely, excessive intake can lead to hypervitaminosis
D; elevated serum calcium and phosphorus and the calcification of soft tissues.?® Thus, an
upper limit of 4000 IU is set for adults, despite persistent uncertainty surrounding long-term
impacts of high consumption.”” Vitamin D affects gene transcription through interaction with the
vitamin D receptor (VDR) on cell membranes. Most of these genes are related to mineral
metabolism, reflecting vitamin D’s role in bone mineral homeostasis, but it also performs other
functions including roles in cell differentiation, proliferation, and growth. Specific to the immune
system, vitamin D assumes paracrine hormone functions that support the maintenance of
immunity, and reduce inflammation. The exact mechanism of vitamin D’s potential therapeutic
role in MS remains unclear, but hypotheses suggest it may be tied to the purported immunologic
benefits, and reduced breakdown of nervous system tissue.?®

Patients with MS have been shown to have lower 25(OH)D levels than healthy controls and
vitamin D adequacy has been associated with reduced risk of developing MS and a reduced risk
of relapse.”®*" There is evidence that vitamin D supplementation raises 25(OH)D levels in
patients with MS,*** but it is unclear whether this leads to any direct clinical benefits. Questions
remain regarding whether vitamin D supplementation can help prevent MS, and also whether it
has a therapeutic role in modifying disease activity

This report will review evidence investigating the uncertainty surrounding the clinical

effectiveness of vitamin D supplementation for both the prevention and treatment of MS in
adults.

Vitamin D for Multiple Sclerosis 2
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RESEARCH QUESTIONS

1.  Whatis the clinical effectiveness of vitamin D supplementation for the prevention of
multiple sclerosis?

2. Whatis the clinical effectiveness of high versus low dose vitamin D supplementation for
the prevention of multiple sclerosis?

3.  Whatis the clinical effectiveness of vitamin D supplementation for the treatment of
multiple sclerosis?

4.  Whatis the clinical effectiveness of high versus low dose vitamin D supplementation for
the treatment of multiple sclerosis?

KEY FINDINGS

Four systematic reviews, eight randomized controlled trials, and three non-randomized studies
were identified regarding the clinical effectiveness of vitamin D supplementation for the
prevention or treatment of multiple sclerosis. Due to substantial heterogeneity between studies,
the evidence for most clinical outcomes was limited and often conflicting. Very limited evidence
suggests a potential benefit of vitamin D supplementation for the prevention of MS, but this
needs to be verified by future studies. Results of treatment of MS with vitamin D were
inconsistent, with most evidence suggesting no effect on disability scores, and relapse rates.
There were both positive and negative results for immunologic factors, imaging studies, and
functional outcomes. Safety data suggests that high dose vitamin D is well tolerated and
associated with minimal risk.

METHODS

Literature Search Methods

A limited literature search was conducted on key resources including PubMed, The Cochrane
Library, University of York Centre for Reviews and Dissemination (CRD) databases, Canadian
and major international health technology agencies, as well as a focused Internet search. No

filters were applied to limit the retrieval by study type. Where possible, retrieval was limited to

the human population. The search was also limited to English language documents published
between January 1, 2011 and February 9, 2016.

Rapid Response reports are organized so that the evidence for each research question is
presented separately.

Selection Criteriaand Methods

One reviewer screened citations and selected studies. In the first level of screening, titles and
abstracts were reviewed and potentially relevant articles were retrieved and assessed for
inclusion. The final selection of full-text articles was based on the inclusion criteria presented in
Table 1.

Vitamin D for Multiple Sclerosis 3
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Table 1: Selection Criteria

Population Q1 and 2: Adults at high risk of developing multiple sclerosis
Q2 and 4: Adults with multiple sclerosis
Intervention Q1 and 3: Vitamin D2 or D3 supplementation (any dose) with or

without other MS therapy (e.g., interferon (3)

Q2 and 4: Vitamin D2 or D3 supplementation > 1000 IU? per day with
or without other MS therapy

Comparator Q1 and 3: No vitamin D supplementation with or without other MS
therapy

Q2 and 4: Vitamin D2 or D3 supplementation <1000 IU per day with
or without other MS therapy

Outcomes Clinical benefits including delayed disease progression, relapse rates,
interleukin-17 levels, systemic inflammation, reduction of symptoms
and long-term disability, improved quality of life;

Harms (e.g., hypervitaminosis D, hypercalcemia)

Study Designs Health technology assessments, systematic reviews, meta-analyses,
randomized controlled trials, non-randomized studies

#1000 IU w as designated as the cut-off for high versus low dose supplements based on w hat was observed in the literature for
studies that reported on high versus low dose supplementation32

Exclusion Criteria

Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were
duplicate publications, or were published prior to 2011. Health Technology Assessment reports,
systematic reviews (SRs), and meta-analyses were excluded if there was incomplete reporting
of methods or if they were superseded by more recent and/or rigorous review or an update.
Randomized controlled trials (RCTs) and non-randomized studies (NRSs) were excluded if they
were described within an included SR.

Critical Appraisal of Individual Studies

Key methodological aspects specific to each study design were appraised. The included SRs
were critically appraised using ‘A Measurement Tool to Assess Systematic Reviews’ (AMSTAR)
criteria.*® The methods used when conducting the literature search, study selection, quality
assessment, data extraction, and for summarizing the data were assessed. Primary clinical
studies (RCTs and NRSs) were critically appraised using the Downs and Black checklist.*
reporting quality, external validity, internal validity in terms of bias and confounding, and power
were assessed. Summary scores were not calculated for the included studies; rather, a review
of the strengths and limitations of each included study were described narratively.

SUMMARY OF EVIDENCE
Quantity of Research Available

A total of 579 citations were identified in the literature search. Following screening of titles and
abstracts, 545 citations were excluded and 34 potentially relevant reports from the electronic
search were retrieved for full-text review. No potentially relevant publications were retrieved
from the grey literature search. Of these potentially relevant articles, 19 publications were
excluded. Two SRs were excluded, one due to an inappropriate population,** and one due to an
inappropriate intervention.* Eight RCTs were excluded due to inclusion in a SR included in this
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report.***>***® One secondary analysis of an RCT was excluded due to irrelevant outcomes.*
Two reports were excluded as they were trial protocols,*>" and six NRSs were excluded —
three due to no comparator,®*>* one due to an inappropriate comparator, one due to no
intervention,®® and one due to an inappropriate population.®” After exclusion, 15
publications®**"**"® met the inclusion criteria and were included in this report. Appendix 1
describes the PRISMA flowchart of the study selection.

Additional references of potential interest, including on-going clinical trials, are provided in
Appendix 5.

Summary of Study Characteristics

Detailed study characteristics are presented by study type in Appendix 2.

Four SRs”®®" (one with meta-analysis®), eight RCTs®**"*®*%" (including one reported in two
separate publications®**° and one secondary analysis of an RCT included in several SRs*), and
three NRSs® " were identified regarding the clinical effectiveness of vitamin D supplementation
for MS.

Overlap Amongst Primary Studies in Systematic Reviews

There was some overlap among the studies included in the four SRs.*®®! Seven studies were
commonto at least two SRs. The rest were unique to a single SR. Discrepancies occurred due
to the search timeframes and types of studies included. Two SRs included only RCTs " and
two included both RCTs and NRSs.>**°

Table 2. Overlap Amongst Primary Studies Included in Systematic Reviews®

Systematic Review First Author, Publication Year
Pozuelo-
Primary Study First Author, Ganesh, Moyano,
Publication Year Autier, 2014 | 2013%° James, 2013%° | 2013*
Amezcua 2012 o
Burton 2010 ° °
Demirkaya 2009 *
Disanto 2011 .
Embry 2000 .
Gelfand 2011 .
Grau-Lopez 2012 °
Holmoy2009 .
Norwegian Vitamin D Study
Kampman 2012 . . .
Steffensen 2011
Kimball,2011™ .
Langer-Gould 2011 .
Loken-Amsrud 2012 .
Mosayebi 2011 . .
Mowry 2010 .
Mowry 2012 .
Munger 2006 .
Neau 2011 o
Pakdaman 2012 .
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Table 2. Overlap Amongst Primary Studies Included in Systematic Reviews®

Systematic Review First Author, Publication Year
Pozuelo-
Primary Study First Author, Ganesh, Moyano,
Publication Year Autier, 2014°° | 2013% James, 2013%° | 2013**
Rose 2012 .
Runia2012 . .
Scott 2012 o
Shahbeigi 2012 .
Shayganeedjad 2012% . .
Simpson 2010 .
Smolders 2008 *
Soilu 2005 .
Soilu-Hanninen 2008 .
Hnnish Vitamin D Study
Soilu-Hanninen 2012% . . .
Aivo 2012
Stein 2011 . .
Stewart 2012 .
Tostmann 2010 .
van der Mei 2007 .
Vogelzangs 2012 i
Weinstock Guttman 2011 *
Wium-Andersen, 2013 o

“Not all listed studies meet the inclusion criteria of this report as some systematic reviews had more broad inclusion criteria;
how ever, all studies listed focus on multiple sclerosis patients

Prevention of Multiple Sclerosis

Two primary studies®"®®

prevention of MS.

investigated the effectiveness of vitamin D supplementation for the

Study Design

The RCT was double blind and placebo controlled.** The NRS was a retrospective case-control
study.®®

Country of Origin

The RCT was conducted in Iran® and the NRS was conducted in Norway.®®

Patient Population

The RCT was conducted in optic neuritis patients deemed at risk of developing MS.** The NRS
included patients who were diagnosed with MS for less than 10 years based on McDonald

criteria, and age and sex matched controls randomly selected from a population-based registry
(36% participation rate).®® Both studies were conducted in adults.

Vitamin D for Multiple Sclerosis
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Interventions

The RCT assessed vitamin D3 at a dose of 50 000 IU per week for 12 months,* whereas the
NRS assessed varying supplemental doses of vitamin D as determined through self-reported
cod liver oil consumption during childhood, adolescence and adulthood.®®

Comparators

Both studies compared vitamin D supplementation to no vitamin D supplementation,®® or
placebo.*

Outcomes

The RCT* investigated the effect of supplementation on conversion to MS and changes in
magnetic resonance imaging studies investigating various structural lesions.® The NRS®
investigated the effect of supplementation on the risk of developing MS.

Treatment of Multiple Sclerosis

Study Design

The majority of studies reviewed in this report focused on treatment of patients already
diagnosed with MS. Four systematic reviews,*****° seven RCTs,**3%"49%2036557 ang two
NRSs® " were identified regarding the clinical effectiveness of vitamin D supplementation for
the treatment of MS. The RCTs were primarily double-blind, with the exception of one open-
label study.®® The non-randomized studies included a cross-sectional survey,* and a controlled
before and after study.”

Country of Origin

The SRs were conducted by study authors based in France,*® Canada,* the United Kingdom,®
and Spain.®* The RCTs were conducted in Israel,***° the United States,*” Norway,* Finland,®
and Iran.®**>%" The NRSs were conducted in Australia,*® and Iran.”

Patient Population

All SRs***! included adult patients with MS, in some cases specified as RRMS, determined by a
variety of methods including McDonald criteria. One SR*® was designed to evaluate the role of
vitamin D supplementation in a variety of health conditions, but for the purpose of this review,
only information relevant to MS was assessed. The clinical populations in the reviews included a
combination of patients identified as having RRMS and patients with an unspecified MS
phenotype. The RCTs included patients with RRMS,*3749:6263.06.67 ganq unspecified MS
phenotypes.®® In most RCTs MS status was determined using McDonald criteria,** though some
studies failed to specify their diagnostic Erocess.:"“ﬁ'66 The NRSs included patients with
RRMS," or unspecified MS phenotype,® as determined by a medical doctor® " and McDonald
criteria.’”® The age of patients in all treatment studies and reviews ranged approximately from
early adulthood to middle age.

Vitamin D for Multiple Sclerosis 7
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Interventions

All SRs investigated the use of vitamin D supplements of various doses (2800 IU per day to 40
000 U per day) and formulation (i.e., vitamin D2, D3, and calcitriol) and with>*** or without®
concomitant therapy and calcium supplements. The RCTs all investigated the use of doses of
vitamin D supplements (doses ranging from 2000 U per day [usually delivered weekly] to 10
000 U per day) for a variety of durations (12 weeks to approximately 2 years). Most studies
reported concomitantimmunomodulatory therapy, often interferon-. One NRS assessed a
range of vitamin D supplement doses (i.e., 1 to 5000 IU),* and the other assessed treatment
with 50 000 IU per week. Follow-up was unspecified by one study®® and the other reported a
treatment duration of 6 months.™

Comparators

Of the SRs, three systematic reviews compared vitamin D to no vitamin D treatment®®®* and one
additionally compared high versus low dose vitamin D.*° Five RCTs reported comparing vitamin
D to no vitamin D or placebo.?*®***®" Two RCTs reported comparing high dose (4730 IU per
day® or 10 400 IU per day®") vitamin D to low dose (800 IU per day)®***’ vitamin D.***"*° Both
NRSs®* " compared vitamin D supplementation to no vitamin D supplementation. Concomitant
therapy was always consistent across intervention and comparator groups.

Outcomes

All studies assessed the effect of vitamin D supplementation on 25(OH)D levels. While this
outcome is not directly relevant to the research questions, it is essential for interpretation of the
results and is reported where available. A variety of clinical and surrogate outcomes were

H H H N H 58,59,61,66 .: 36,37,58-61,65
assessed, including disease course, activity or progression, risk of relapse,
disability scores,*****%%% functional measurements,® cognitive functioning,”* quality of
life, 300169 radiological measures,* immunologic activity and inflammation,®">%8%%3¢0.67.70 hone
mineral density,” flu-like symptoms,* and neuroimaging parameters.®* In addition, safety

outcomes were assessed by some studies, but some only reported on serum calcium
IeveIS 36,37,58,60-65

Summary of Critical Appraisal

Specific strengths and limitations of the identified evidence are presented in Appendix 3.

Systematic Reviews

None of the SRs provided a study protocol so it was unclear whether all design aspects were
established a priori. This prevents the assessment of selective reporting of outcomes and data
mining. Two SRs conducted duplicate screening®*®* one of which conducted duplicate
extraction.”® Two SRs**® did not report the number of reviewers at each stage, increasing the
likelihood of potential bias in study selection and errors in data abstraction. All SRs performed a
comprehensive literature search on multiple databases. Three SRs*** performed a thorough
grey literature search to identify additional publications and unpublished studies. One SR only
searched personal files and reference lists,* and one®® only searched reference lists, increasing
the likelihood of overlooking relevant evidence. One®® SR provided a list of included and
excluded studies in a supplementary appendix; however, study characteristics were not
provided. The other three SRs>*®* only provided a list of included studies and study

Vitamin D for Multiple Sclerosis 8
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characteristics. The absence of a list of excluded studies makes it difficult to determine whether
there was any bias in study selection. Two SRs**°®! used formal quality assessment tools to
assess study quality, while one only assessed quality informally,®® and one did not perform any
quality assessment.* Two SRs considered quality in the formulation of conclusions,®”® one
mentioned quality only briefly,>® and one did not mention quality at all.”® Three SRs****°! did not
pool studies and summarized findings narratively, but only one of these reviews provided their
rationale for not pooling studies (heterogeneity of dosing and outcome measures).®* One SR*
formally assessed publication bias both visually and using Egger’s test. An attempt to minimize
publication bias was made by one SR that pursued and included unpublished data,* while the
other SRs**°! did not report an assessment or method of attenuating publication bias. All SRs
reported that study authors had no conflict of interest.

Randomized Controlled Trials

Reporting

All studies reported hypotheses or objectives upfront.**3"%*" All but one study®’ clearly
described outcome measures. Patient characteristics were described by all studies; however,
several studies®*"***>®" did not report on relevant characteristics including but not limited to
ethnicity or skin color, body mass index (BMI), smoking status, and vitamin D intake from food
or supplementation (in addition to that provided in study intervention). Without information about
these potential determinants of vitamin D status, it is unclear whether any factors confounded
the relationship between vitamin D supplementation and the outcomes of interest. All studies
clearly described the intervention and comparators. Distribution of potential confounders was
presented by all studies excluding one;* however, owing to the exclusion of several relevant
patient characteristics mentioned above, this information was often limited. Findings were
clearly described by all studies; however, some did not present direct group comparisons (i.e.,
they only reported changes within treatment groups) or change from baseline values for some
but not all outcomes. In these cases, it was not possible to assess or report the effect of vitamin
D supplementation against the study comparators for all outcomes of interest. No studies
comprehensively reported on adverse events. Some studies reported on limited harm
outcomes,***"%%%4% while some failed to disclose any.®*®*®" Potential harms of excessive
vitamin D intake are well described in the literature,”* so it is unclear why standard outcomes
such as hypervitaminosis D and hypercalcemia were not explored. All studies reported on
losses to follow-up. Characteristics of patients lost to follow-up were reported by two studies.
The remainder may have reported reasons for loss to follow-up, but did not disclose patient
characteristics. It is unclear whether there were potentially meaningful differences between
those who discontinued treatment and those who finished the trials. All except one study®
reported actual probability values.

65,66

External Validity

No studies reported random sampling techniques, but some studies included subjects who were
consecutively enrolled upon diagnosis of MS.**%*%4% The other studies had unclear sampling
procedures and it is not possible to determine whether patients are representative of the
broader population.®”***” No studies commented on whether there were differences between
patients who were willing to participate and those who declined enrolment. One study® was
conducted in a setting (staff, places, and facilities) that is representative of the care most
patients would receive. All other studies had either an unclear setting or were conducted in
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specialty facilities where patients may receive a higher standard of care not generalizable to the
broader MS population.

Internal Validity — Bias

All except one open-label study® blinded patients to treatment. Two studies did not blind
outcome assessors, increasing the risk of ascertainment bias, particularly for subjective
measurements.®®® In two cases®® it was unclear whether secondary analyses were planned a
priori, and data dredging cannot be ruled out. Two studies adjusted for different lengths of
follow-up or did not require adjustment due to complete follow-up data being available for all
participants.®>®’ All studies used appropriate statistical tests based on data distribution. Some
studies assessed patient compliance through pill counting, verbal confirmation, or using
25(0OH)D levels as a surrogate for adherence to the study protocol.*”**®*®" The other four
studies either failed to report on compliance rates or did not assess compliance.**®® The main
outcome measures were accurate in all cases; however, some studies assessed biomarkers or
surrogate outcomes and did not assess meaningful clinical endpoints such as relapse rates,
physical changes as assessed by imaging studies, or disability scores. Relative validity and
reliability of various assays used for some clinical measurements are discussed in Limitations
section.

Internal Validity - Confounding

Patients in all study groups were recruited from the same source population in most
cases.*****"n two cases the source population was unclear.*”*® Three studies did not report
on whether patients were recruited over the same time period.*"*>®” The rest**®® recruited
patients over the same time period, but it was unclear whether the distribution of recruitment
across seasons was equal between groups when recruitment periods were longer. Vitamin D
status is affected by season, especially in countries farther from the equator, as is immune
function. All studies except one®” employed acceptable randomization techniques. In the case of
four studies®®*®>®" it was unclear whether random allocation was concealed. One® study
adequately adjusted for confounding. In many cases, due to the limited reporting on relevant
baseline values, it was unclear whether all confounders were accounted for. One study
accounted for losses to follow-up in analysis.®® The others reported drop-out rates, but did not
employ any analytical techniques to explore the impact of drop-outs on the main study findings.

Power

Some studies reported sample size or power calculations; however, with the exception of one
study®’ all were underpowered or had unclear power to detect differences in clinical outcomes.

Non-Randomized Studies

Reporting

All studies reported clear objectives or hypotheses upfront.®*”® The main outcomes,
characteristics of included patients, and interventions of interest were clearly stated in all cases.
One study did not report the distribution of potential confounders.” One study presented
insufficient primary data to support study results, and interpretation of main findings was
difficult.®® This study® also failed to consistently provide estimates of random variability for the
main outcomes. None of the studies reported on all relevant adverse events. One study
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described characteristics of patients lost to follow-up,* the others did not.®®” Two studies
reported actual probability values® ™ and the other reported them categorically.®®

External Validity

One study sampled patients who are likely representative of Norwegians with MS in the
community as they were drawn from a database of patients with confirmed MS.*® One study
may only be representative of patients who are highly engaged as they were recruited through
online advertising using MS content.®® One study included patients treated at MS clinics, who
may receive a higher standard of care.” Differences between willing and unwilling participants
were unclear in all cases. None of the studies contained sufficient information to judge whether
the context of care was representative of that received by the broader MS population.

Internal Validity — Bias

No studies blinded patients or outcome assessors to the intervention, increasing the risk of
ascertainment bias. Unplanned analyses could not be ruled out for two studies.®® " No
adjustment for potential differences in recall periods or length-of follow-up was conducted. The
statistical tests used to assess the main outcomes were appropriate. No studies assessed
patient compliance with the intervention. As supplemental intake was self-reported in some
cases, the potential for recall bias is high. All studies included accurate outcome measures.

Internal Validity — Confounding

Two studies ensured recruitment of participants from the same source populations.®®" All
studies recruited patients over the same time period. There was no randomization of study
subjects by any study, increasing the risk of selection bias. Two studies conducted regression
analysis to investigate potential confounding factors in the relationship between vitamin D
supplementation and MS-related outcomes.®® " Any losses-to-follow-up, variable recall periods,
and drop-outs were not taken into accounts in analysis.

Power

Two studies recruited large sample sizes, which were likely sufficient to ensure adequately
powered analyses:*®® however, no studies disclosed a sample size or power calculation.

Summary of Findings
A detailed summary of findings is presented in Appendix 4.

All treatment and prevention studies observed a significant increase in 25(OH)D levels following
vitamin D supplementation.

Where results from narrative SRs are reported, all reported trial results are summarized. For
example, where a single trial’s results are shared for a specified outcome, only the results from
one study were reported (and therefore assumed to be measured and available) within the SR.
This does not account for potential selective outcome reporting in the original SRs.

Vitamin D for Multiple Sclerosis 11
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PREVENTION

What s the clinical effectiveness of vitamin D supplementation for the prevention of multiple
sclerosis?

Multiple Sclerosis Risk

One NRS® conducted in MS patients in Norway reported that cod liver oil consumption during
adolescence but not childhood or adulthood showed a significant inverse association with MS
risk when controlling for sun exposure, infectious mononucleosis, smoking, body size, oily fish
consumption and education. When various subgroups of escalating doses of vitamin D
(contained in cod liver oil) were considered, doses in the range of 0 to 200, 201 to 400, and 691
to 800 IU were significantly associated with a reduced odds of developing MS. Doses in the
range of 401-600 and >800 IU trended towards a reduced odds of developing MS but were not
statistically significant. The authors report a dose-response relationship but this is not reflected
in the data.

Clinical Symptoms Indicative of Conversion to Multiple Sclerosis

One RCT* conducted in Iran reported significantly fewer cases of a second demyelinating
attack suggestive of potential MS conversion in the vitamin D-treated group (50 000 U weekly)
versus placebo after 12 months of treatment in patients with optic neuritis at risk for MS.

Imaging Studies

One RCT® conducted in Iran reported that there was a significantly lower incidence of various
lesions (including black holes, cortical, juxtacortical, corpus callosal, new gadolinium-enhanced,
and new T2) in the vitamin D group (50 000 IU weekly) versus placebo in patients with optic
neuritis at risk for MS. Conversely there was no difference in other lesions (including
periventricular or brain stem plaques).®

Adverse Events

One RCT* conducted in Iran reported no incidence of hypercalcemia or vitamin D toxicity in
patients with optic neuritis treated with vitamin D (50 000 IU weekly) or placebo.

Whatis the clinical effectiveness of high versus low dose vitamin D supplementation for the
prevention of multiple sclerosis?

No relevant evidence was identified regarding the clinical effectiveness of high versus low dose
vitamin D supplementation for the prevention of MS; therefore, no summary can be provided.

TREATMENT

What s the clinical effectiveness of vitamin D supplementation for the treatment of multiple
sclerosis?

Vitamin D for Multiple Sclerosis 12
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Disease Activity

One SR reported narratively that one trial in patients with MS observed no changes in disease
activity when vitamin D (20 000 IU per week) was given for 96 weeks.**

Relapse

One SR of six trials®® reported narratively that no studies had results suggestive of a benefit of
vitamin D supplementation for reducing relapse rates. Another SR® reported that there was no
significant difference in the pooled odds of relapse between high dose vitamin D supplements
and low dose or placebo, including in subgroups of patients treated for at least a year,
comparisons only to placebo, and studies only providing vitamin D3. Other SRs**® reported
narratively that some individual trials in patients with unspecified MS phenotypes or RRMS
observed no differences in relapse rates following treatment with 20 000 IU per week or 300 000
IU per month.*®*’

One RCT® conducted in Iran reported that the rate of relapse in pregnant women was
significantly reduced in both vitamin D treated (50 000 IU per week) and routine care groups,
but to a greater extent in the vitamin D group, over 6 months.

One NRS®® conducted in MS patients in Australia reported that ordinal regression models
controlled for various potential confounders did not find an association between vitamin D
supplementation and reduced relapse rate.

Disability

One narrative SR of six trials®® reported that no studies had results suggestive of a benefit of
vitamin D supplementation for improving disability scores. Another SR* reported narratively that
one trial in MS patients demonstrated no significant difference in EDSS scores after 6 months of
treatment with 300 000 IU of vitamin D per month.*® Conversely, they reported that another trial
in RRMS patients showed a trend towards reduced disability accumulation after one year of
supplementation with 20 000 IU per week.”®*>° One SR® reported narratively that one trial in
RRMS patients observed no significant change in EDSS in patients who received low dose
calcitriol (0.25 pg) for one year versus placebo.*’

One RCT® conducted in Iran reported that EDSS scores were significantly lower in pregnant
patients supplemented with vitamin D (50 000 IU per week) versus patients who received
routine care at 6 months.

One NRS® conducted in MS patients in Australia reported that vitamin D supplementation was
not associated with reduced odds of moderate or high disability (versus no or mild disability) in
logistic regression models controlled for potential confounders.

Immunologic Outcomes

Two SRs*® narratively reported mixed results. Individual trials reported that anti-inflammatory
cytokine levels were increased and peripheral blood mononuclear cell (PBMC) proliferative
responses were suppressed, but that there was no significant change in disease-associated
PBMC responses. These reviews also reported that one trial in MS patients observed
reductions in T-cell proliferation after treatment with an escalating dose of vitamin D.*
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One RCT® conducted in RRMS patients in Iran reported no difference in interleukin (IL)-10
levels after 3 months between vitamin D supplemented (50 000 IU every five days) and placebo
groups; however, in multiple linear regression models adjusted for age, sex, and EDSS scores,
there was a positive association between vitamin D consumption and the log of IL-10
measures.® Another RCT® conducted in RRMS patients in Norway reported no difference in
the change from baseline values of various serum markers of inflammation between vitamin D-
treated patients (20 000 IU per week plus 500 mg of calcium per day) and those who received
placebo. The proportion of patients with increased IL-17 levels after 12 weeks of treatment was
not significantly different between treatment (50 000 IU every five days) and control groups in
one RCT conducted in RRMS patients in Iran;®’ however, in the Norwegian trial, vitamin D
supplementation showed a significant positive correlation with the log of IL-17 measures when
adjusted for EDSS score.®®

One NRS" conducted in RRMS patients in Iran reported that the rise in Epstein-Barr Virus
antibodies was significantly lower in the vitamin D-treated group (50 000 IU per week) versus no
vitamin D treatment. At six months, levels of virus capsid antigen (VCA) immunoglobulin G (IlgG)
and Epstein-Barr virus nuclear antigen-1 IgG antibodies were significantly lower in the vitamin
D-treated group. A greater proportion of patients in the vitamin D-treated group displayed a
decline in anti-VCA and anti-Epstein-Barr virus nuclear antigen-1 antibody titers.”

Imaging Studies

Two SRs**® narratively reported on the same trial, which observed fewer new MRI lesions after
a year of supplementation in patients with RRMS who received 20 000 IU weekly.*® These
effects were more pronounced in a secondary analysis of patients with at least one relapse
using the preceding year or enhancing T1 lesions at baseline.* However, another trial in
patients with MS showed no difference in MRI lesions after 6 months of treatment with 300 000
IU per month.*®

Functional Outcomes

One SR reported narratively that one trial in patients with RRMS demonstrated improved
tandem walk time after one year of weekly supplementation with 20 000 IU.** Another SR*
reported narratively that one trial** in patients with MS demonstrated no changes in fatigue
severity scores after 96 weeks of high-dose vitamin D treatment (20 000 IU weekly).

Quiality of Life

One NRS* conducted in MS patients in Australia reported that controlling for potential
confounders, vitamin D supplementation was associated with an improved quality of life as
measured by the MSQOL-54.

Safety

In general, high dose (short-term use of up to 40 000 IU per day) vitamin D supplementation
appears to be well-tolerated versus placebo or routine care.

One SR reported that high dose vitamin D supplementation (2000 to 40 000 IU per day) was

not associated with an increase in serious adverse events, nephrolithiasis, renal dysfunction, or
hypercalcemia. Low rates of mild gastrointestinal symptoms were reported.® Another SR**
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reported narratively that three trials observed no serious adverse events beyond mild
gastrointestinal symptoms, fever, fatigue and headache in patients with unspecified MS
phenotypes or RRMS.***"8

Several RCTs reported on adverse events. Overall there was no concern about, or difference in,
the rates of hypercalcemia®®*®" or respiratory tract infections in RRMS patients treated with 20
000 weekly to 50 000 IU every five days.®* One RCT® reported that there was no incidence of
urinary dysfunction, symptomatic nephrolithiasis, or disturbances of cardiac rhythm frequency in
pregnant women with MS treated with vitamin D (50 000 IU per week) for six months.

One NRS reported that there was no incidence of vitamin D intoxication during high dose
vitamin D supplementation (50 000 IU per week) for 6 months in patients with RRMS.”

Whatis the clinical effectiveness of high versus low dose vitamin D supplementation for the
treatment of multiple sclerosis?

Clinical Symptoms

One RCT* conducted in RRMS patients in Israel reported no significant changes in flu-like
symptoms in high (4370 IU per day) or low (800 IU per day) dose vitamin D groups, and that
there was insufficient power to detect a difference between groups.

Relapse

One SR reported that there was no significant difference in the pooled odds of relapse
between high dose (2000 to 40 000 IU per day) vitamin D supplements and low dose or placebo
(O to 1000 IU per day).

One RCT*® conducted in Israel reported a higher increase in relapse rate in the high-dose (4370
IU per day) group versus the low-dose (800 IU per day) group that was not statistically
significant. One RCT* conducted in the United States demonstrated an identical occurrence of
relapse in high (10 400 IU per day) and low (800 IU per day) dose vitamin D groups after six
months of treatment.

Disability

One SR® reported narratively that a single trial in RRMS patients measured and observed
higher exit EDSS scores in high dose (6000 IU per day) versus low dose (1000 IU per day)
vitamin D2 supplementation groups.®

Immunologic Outcomes

One RCT¥ conducted in RRMS patients in the United States reported a significantly greater
negative change in pro-inflammatory IL-17°CD4" T cells in the high dose (10 400 IU) versus low

dose (800 IU) vitamin D group. There were no significant differences in the levels of IFN-y,
effector memory, central memory, naive, CD161, CD85J positive CD4 T cells, or 51 cytokines.
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Adverse Events

One RCT*® conducted in Israel reported that serum calcium levels remained stable and within
normal range in both high (4370 IU) and low (800 IU) dose groups of patients with RRMS
throughout the follow-up period. High and low dose vitamin D was well tolerated with no reports
of withdrawals due to adverse events, or possible vitamin D-related adverse events.*

Limitations

Confounding by Determinants of Vitamin D Status

Factors such as season, age, latitude, adiposity, physical activity, smoking, and diet can
influence the relationship between vitamin D and health outcomes. Some studies, particularly
NRSs and open-label RCTs, failed to control for these factors or assess baseline imbalance, so
it is unclear whether these factors contributed to a blunted or exaggerated effect of vitamin D on
MS related outcomes. Benefit or lack of benefit observed may to some extent conflate true
treatment effects with differences in outcomes attributable to variations in baseline risk.

Baseline Vitamin D Status

Having sufficient vitamin D status may influence the response to vitamin D supplementation.
That is, if an individual already has sufficient vitamin D status, they may not benefit to the same
extent as someone with vitamin D insufficiency. Studies that included a greater proportion of
individuals with vitamin D sufficiency, or intentionally excluded patients with the lowest vitamin D
status may have been less likely to observe a benefit of treatment.

Comparison of Change from Baseline Values

Change from baseline scores may be more appropriate to reduce potential between-person
variability when assessing an intervention like vitamin D supplementation that has many
potential confounders. Despite many studies having baseline and end line values, many chose
to only assess differences between groups at each time point. As a result, potential confounding
of baseline imbalances (known and unknown) may have affected end line comparisons.

Validity of Outcome Measures

Although most studies employed the most frequently used and accurate outcome measures
available to quantify MS treatment response, they are not without limitations.

Vitamin D Status Assessment

The most commonly used methods of quantification of 25(OH)D levels are the DiaSorin Liaison
and liquid chromatography tandem mass spectrometry (LC-MS/MS) assays, though other
methods such as alternative chemiluminescence immunoassays, radioimmunoassays, and
high-performance liquid chromatography methods are in use. It has been observed that patients
are significantly more likely to be classified as having insufficient vitamin D status using the
DiaSorin Liaison assay versus the LC-MS/MS assay due to the presence of 25(OH) vitamin D2
molecule.” Thus, studies that employed the DiaSorin method may report lower baseline and
end line vitamin D status than those that use the LC-MS/MS method. This may influence the
observed impact of supplementation on vitamin D status, which was used in some cases as a
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covariate in multivariate analyses. Further, results of studies using different quantification
methods may not be comparable, which is of particular concern when results are pooled as it
may increase non-statistical heterogeneity.”

Disability Scales

The EDSS and the Multiple Sclerosis Functional Composite (MSFC) measure are the most
frequently used instruments to assess disability status and monitor disease progression in MS
studies. While these are surrogate outcomes compared to imaging studies, the EDSS is widely
accepted as a relevant clinical endpoint, whereas, the MSFC may be more appropriate as a
secondary outcome due to the absence of a visual dimension and low acceptance by patients.
The EDSS has limited inter-and intra-rater reliability so adequate training of staff and
consistency in outcome assessors is important. Few studies commented on these aspects of
operationalizing the EDSS so it is unclear whether it was scored using a valid and consistent
approach. The MSFC contains additional components such as upper limb function and cognitive
skills, which may provide valuable information not conveyed by the EDSS. However, a learning
effect — meaning patients score higher as they learn about the tests, has been observed, and
physicians may find the scale difficult to interpret.”

Lack of Long-Term Follow-Up

The longest study duration for the studies included in this review was less than two years. As
MS is a progressive disease, this may be insufficient to observe clinical endpoints such as
severe physical or cognitive morbidity, or mortality. Further, in the case of the single prevention
trial, 12 months of observation is likely insufficient to properly observe rates of MS conversion.®*
Trials of longer duration are needed.

Limited Adverse Event Reporting

Vitamin D is a fat-soluble vitamin, meaning that it is concentrated in tissue rather than excreted
when excess is consumed. Vitamin D doses below 10 000 IU/day are noted to be safe and
effective for maintaining sufficient vitamin D status; however, in the context of therapeutic doses
safety is less clear. Doses equal to or above 50 000 IU per day have been associated with
toxicity.” It should be noted that there is not a clear consensus on the dose at which risk
outweighs benefit, with most experts suggesting that the toxicity threshold lies between 10 000
and 40 000 IU per day and serum 25(OH)D levels of 500 to 600 nmol/L. Some studies included
in this review lie within that threshold. Potential adverse outcomes associated with excessive
intake and hypervitaminosis D include hypercalcemia and hypercalciuria leading to soft tissue
and vascular calcification,” and associations with impaired gastrointestinal side-effects, renal
function, cardiovascular risk, falls and fractures, cancer, and all-cause mortality.”>" Further
evidence is needed to determine whether high-dose supplementation precipitates undesirable
outcomes in MS patients.

Type of Multiple Sclerosis Unclear

While some studies specified the stage of MS — usually relapsing remitting, which is the most
common — many studies did not disclose distribution of types of MS or indicate restriction to
one type of MS. Failure to specify the MS phenotype limits the ability to interpret generalizability
of findings to the appropriate patient populations, and does not allow for assessment of
comparative effectiveness across MS phenotypes. For instance, an effective treatment in RRMS
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may not have the same outcome in secondary progressive MS and if so a distinction should be
made. It has been noted that immunomodulatory strategies used for RRMS have not proven
effective when applied in progressive MS,”® suggesting cause for caution when generalizing
results to the greater MS population.

CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING

Four SRs,**®" eight RCTs,***"%*%" and three NRSs** " were identified regarding the clinical
effectiveness of vitamin D supplementation for MS.

Collectively, the evidence is mixed partially owing to substantial clinical and methodological
heterogeneity across studies, small sample sizes and inadequate statistical power, insufficient
follow-up duration, inconsistent outcome measures, and insufficient accounting for potential
confounders.

For prevention, limited evidence from one NRS®® and one RCT® suggests potential benefits of
cod liver oil supplementation during adolescence on MS risk® as well as a reduced risk of
second demyelinating attacks and lower occurrence of various lesions as visualized by MRI,**
with no apparent risks of supplementation in patients with optic neuritis.®**

For treatment with vitamin D versus no vitamin D, there was no evidence to suggest a benefit
for disease activity.** Most studies and reviews reported no change in relapse rates.***"*° One
study in pregnant women suggested a benefit of vitamin D on relapse rates.® A similar pattern
was observed for disability. Several SRs and one NRS reported no effect of vitamin D on
reducing disability,*®®"® or mixed results,*® while the study in pregnant women showed a
potential benefit.*® The effect on immunological outcomes was mixed, with some studies and
reviews reporting mixed results,*>***" namely, two studies reported an association between
vitamin D supplementation and levels of anti-inflammatory cytokines®*®" one study reported
reduced antibodies and titers to the Epstein-Barr virus,’® and another trial showed no difference
in serum markers of inflammation.®® Limited evidence from two trials summarized within two
SRs**® was mixed for outcomes of imaging studies, with one study showing fewer new MRI
lesions, and the other trial showing no effect. This trend persisted for functional outcomes, with
one study summarized in an SR showing improved tandem walk time, and one study showing
no change in fatigue severity scores. One NRS® reported improved quality of life, and no major
short-term safety issues were identified.?* %6677

For treatment with high dose vitamin D versus low dose vitamin D, evidence presented in one
SR*® from one trial reported higher relapse rates in high dose patients, while evidence from
another SR* suggested no difference in the odds of relapse, and one trial*’ suggested no
differences in relapse rates between groups. Flu-like symptoms were not different between
groups as summarized by one SR.*® A single study summarized in a SR®* reported increased
disability scale scores inthe high dose group, and one study reported mixed effects on
inflammatory factors with most factors showing no change with high or low dose treatment. High
and low dose treatment was well tolerated, and no concerning adverse events were reported.

Current guidelines from the National Institute for Health and Care Excellence on the
management of MS in adults state that vitamin D should not be offered solely for the purpose of
treating MS.”® However, MS patients should maintain sufficient intake of vitamin D to ensure
adequate vitamin D status.
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Several large-scale, methodologically rigorous trials are underway (Appendix 5). Completion of
these trials, as well as increased awareness regarding potential subgroup effects including but
not limited to vitamin D dose, form of vitamin D, duration of treatment, background therapies,
MS phenotype, age and duration of disease, and country of residence may help to clarify some
of the uncertainty surrounding the effectiveness of vitamin D supplementation for the treatment
of MS.

Based on the evidence contained in this review, the role of high-dose vitamin D
supplementation in MS treatment and prevention remains unclear.
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APPENDIX 1: Selection of Included Studies

579 citations identified from
electronic literature search and
screened

> 545 citations excluded

v

34 potentially relevant articles
retrieved for scrutiny (full text, if

available)
0 potentially relevant
reports retrieved from
other sources (grey >
literature, hand
search)
v

34 potentially relevant reports

19 reports excluded:

-irrelevant population (2)

-irrelevant or no intervention (2)
-irrelevant or no comparator (4)
-irrelevant outcome (1)

-already included in at least one of
the selected systematic reviews (8)
-other (review articles, editorials, trial
protocols)(2)

v

15 reports included in
review
— 4 systematic reviews
— 8 randomized controlled
trials, (including one
secondary analysis)
— 3 non-randomized studies
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APPENDIX 2: Characteristics of Included Publications

To convert vitamin D supplementation dose from pg to 1U multiply by 40 — to convert from U to ug divide by 40
To convert serum 25(OH)D levels from ng/mL to nmol/L multiply by 2.5 — to convert from nmol/L to ng/mL divide by 2.5

Table Al: Characteristics of Included Systematic Reviews and Meta-Analyses

Inceptionto December

nested-case control
studies,n= oP RCTs,n

with MS

D3 (71to 800 ug/day)
withoutconcomitant

(control group
unspecifiedin

First Author, Types and numbers Population Intervention Comparator(s) Clinical Outcomes,
Publication Year, of primary studies Characteristics® Length of Follow-Up
Country; included
Search dates,
Databases
Autier, 2014, France™;" Prospective and Patients (=18 years) Vitamin D2 or Vitamin Placebo Disease course, risk of

relapse, disability

Medline, Embase, and
Pubmed

including unpublished
studies, conference
abstracts, ongoing
studies, andterminated
studies

2012 PubMed and =6 therapy with the some cases)
Embase exception of calcium
Excluded cross- supplements
sectional and case-
control studies to avoid
reverse causation bias
Ganesh, 2013, Canada™; | Any excluding case Patients diagnosed with | Vitamin D Placebo or MS disease activity (clinical
reports, expert MS supplementation alternative severity [relapserisk,
Inceptionto October 2012 | opinions, orreviews, comparator disability, radiological

measures of MS], and
immunological activity
[levels, proportions, or action
of various inflammatory
markers])

James, 2013, United
Kingdom®;

MEDLINE 1950to
September2012,
EMBASE 1980 to
September2012,
Cochrane Libraryand
Google Scholarin
September2012

RCTs,n=5

Adult patients with MS

Any dose of vitamin D
(D3, D2, or calcitriol)
supplement,m =129

Low dose vitamin D
(n =35) or placebo
(n=90)

Relapse, 26 to 96 week
follow-up;

25(0OH)D levels;
Safety;,

Dropouts
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Table Al: Characteristics of Included Systematic Reviews and Meta-Analyses

Spain®;
PubMed/Medline and

of Controlled Trials in
August 2012

Cochrane Central Register

controlled RCTs,n=5

determined byvarious
methods including
McDonald criteria

months)

supplementation (20000
IU weekly for one year to
300000 IU/month for six

First Author, Types and numbers Population Intervention Comparator(s) Clinical Outcomes,
Publication Year, of primary studies Characteristics® Length of Follow-Up
Country; included
Search dates,
Databases
Pozuelo-Moyano, 2013, Double-blind placebo- Patients with MS Vitamin D Placebo Disease progression (EDSS)

or MS functional composite;
relapse rate, proportion of
relapse-free patients,
cognitive functioning, health-
related quality of life,
neuroimaging parameters;
Adverse effects

“This systematic review investigated the effect of vitamin D status and supplementation on various health conditions, including MS. Only the studies and analyses focused on multiple

sclerosis are reported.

®No intervention; therefore, irrelevant to this report
°A combination of relapsing-remitting and unspecified MS phenotypes w ere included in all review s
25(0OH)D = 25 hydroxyvitamin D; EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; NR = not reported; RCT =randomized controlled trial

Table A2: Characteristics of Included Randomized Controlled Trials

criteria’®, EDSS score <4 and
no relapse 30 days before
inclusion, no pregnancy

interferon-B

supplementation

First Author, Study Patient Characteristics Intervention(s) Comparator(s) Clinical Outcomes,
Publication Year, Design Length of Follow-Up
Country, Study
Name

TREATMENT

Vitamin D versus No Vitamin D

Aivo, 2015, Double Patients (18to 55years) with | Vitamin D3 20 000 IU as Identical placebo capsules Inflammatory cytokines

Finland®® blind RCT | RRMS accordingto cholecalciferol in arachis oil plus interferon-3 (IFN-y, IL-17A, IL-2, IL-
McDonald criteria and (Dekristol) once weeklyfor 12 10, IL-9, IL-22, IL-6, IL-
interferon- B use for at least months plus interferon-f 13,IL-4,IL5, IL-1B,
three months, EDSS score < TNF-alpha),
5, not pregnantand serum
25(OH)D = 85 nmol/L for 12 1 year
months

Ashtari, 2015, Iran™ | Double Patients (18to 55 years) with | Vitamin D3 50000 IU every 5 Interferon- and no SerumIL-10at 3

blind RCT RRMS based on McDonald days for 12 weeks plus restrictions on vitamin D months; calcium and

25(0OH)D
concentrations,

12 weeks
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determined),n=40

containing 400 IU of vitamin D3
and 1000 mg of calcium with
(89%) or without (11%)
immunomodulatorytherapy

containing 400 IU of vitamin
D3 and 1000 mg of calcium
with immunomodulatory
therapy

First Author, Study Patient Characteristics Intervention(s) Comparator(s) Clinical Outcomes,
Publication Year, Design Length of Follow-Up
Country, Study
Name
Etemadifar, 2015, Open-label | Pregnantwomen (20to 40 Vitamin D3 50000 IU per week Routine care from 12to 16 Serum 25(OH)D levels;
Iran® RCT years) with ‘clinicallydefinite™® | from 12 to 16 weeks gestation weeks gestation till delivery, EDSS score; number of
(single MS (phenotype unspecified), | till delivery, patients remained patients remained on any relapse events during
center) n =52 eligible,n-15 on any current medications current medicationsthough pregnancyand within 6
completed though they were unspecified they were unspecified months afterdelivery;
Adverse events
Rgsjg, 2015, Double Patients with RRMS (18 to 50 | Vitamin D3 20000 IU per week Placebo capsulesand no 11 serum markers of
Norway6 blind years) with EDSS score< 4.5 | plus calcium 500 mg/dayand no | restrictions on concomitant inflammation, bone
placebo restrictions on concomitant regular vitamin D mineral density, clinical
controlled regular vitamin D supplementation or disease activity, disease
RCT supplementation or immunomodulatorytreatment | progression,25(OH)D,
immunomodulatorytreatment (i.e., IFN-B, glatiramer
(i.e., IFN-B, glatiramer acetate, acetate, or natalizumab) for 96 weeks
or natalizumab) for 96 weeks 96 weeks
Toghianifar, 2015, Double Patients with RRMS Vitamin D3 50000 IU every 5 Placebo plus interferon-f Serum IL-17 levels,
Iran®’ blind according to McDonald days for 12 weeks plus treatment
placebo criteria, n = 94 interferon-f treatment 12 weeks
controlled
RCT
High-Dose versus Low Dose Vitamin D
Sotirchos, 2016, Double Patients (18to 55 years) with | Vitamin D3 10000 IU for 6 Vitamin D3 400 IU for 6 Baseline, 3 and 6-month
United States blind RCT RRMS (unclear how this was | months plus multivitamin months plus multivitamin measurements of 25-

OH-D levels, adverse
events, relapses, IL-17"
CD4" T cells, central
memoryCD4 Tcells,
naive CD4" Tcells
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Table A2: Characteristics of Included Randomized Controlled Trials

First Author, Study Patient Characteristics Intervention(s) Comparator(s) Clinical Outcomes,
Publication Year, Design Length of Follow-Up
Country, Study
Name
Carmel Golan, | Double Patients with RRMS Vitamin D3 4370 IU plus Vitamin D3 800 IU plus Flu-like symptoms
Medical 2013, blind RCT according to McDonald interferon-B treatmentfor 1 interferon-B treatmentfor 1 assessed monthly;
Centre Israel® criteria, n = 45 year, n = 24 year, n =21
Trial in 25-OH-D levels,
Israel’™ calcium, PTH, cytokine
levels (IL-17, IL-10, and
IFN-y)
EDSS, relapses,
adverse events and
quality of life,
1 year
PREVENTION
Derakhshandi, Double- Patients (20to 40 years) with | Vitamin D3 50 000 IU weeklyfor | Placeboweekly for 12 Optic neuritis
2013, Iran® blind optic neuritis atrisk of 12 months until upper limit of months conversionto MS;
parallel developing MS, n =30 100 ng/mL achieved then
groupRCT maintained atlowerdose Imaging studies:

Changes inthe number
of T1-hypointense and
T2-hyperintense brain
MRI lesions atvarious
sites, the number of
new T2 and gadolinium-
enhancing lesions,

12 months

*MR, clinical or laboratory-supported diagnosis of definite MS, stable neurological functioning for at least 1-monyh pr

and a w ilingness to continue current medications

PSubstudy of Finnish Vitamin D Study*®

“Trial terminated due to low odds for proving primary hypothesis as indicated by interim analysis’’
25(0OH)D = 25 hydroxyvitamin D; EDSS = expanded disability status scale; IL = interleukin; OMS = multiple sclerosis; RCT = randomized controlled trial; RRMS = relapsing remitting

MS
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Table A3: Characteristics of Included Non-Randomized Studies

First Author, Study Patient Covariates Intervention(s) Comparator(s) Clinical Length of
Publication Design Characteristics Qutcomes, Follow-Up
Year,
Country,
Study Name
PREVENTION
Vitamin D versus No Vitamin D
Environmental | Multicenter Adult patients Sun exposure, Self-reported cod liver No cod liver oll Risk of MS No follow-up,
Factors in retrospective | diagnosedwithMS | dietaryintake of oil consumption (vitamin D dose observation
Multiple case-control | for< 10years vitamin D, (vitamin D dose specified) during period from
Sclerosis Study | study (basedon surrogate forBMI, | specified,5mL =400 childhood, childhood
McDonald criteria), infectious IU) during childhood, adolescence and until middle-
Cortese, 2015, n=2670 mononucleosis, adolescenceandearly | earlyadulthood,n = age
Norway™ smoking, adulthood,n= 1479 (n | 1192 (unclearif
education, family =518 (54.4%) cases, patients taking any
history of MS andn = 960 (55.8%) other medication)
controls) (unclear if
patients taking any
other medication)
TREATMENT
Vitamin D versus No Vitamin D
Jelinek, 2015, Cross- Adults (=18 years) Deliberate sun Vitamin D No vitamin D Health-related No follow-up
Australia®® sectional diagnosedwithMS | exposure, latitude, | supplementation (1 to supplementation,n= | quality of life askedto
survey by a medical doctor, | gender, age, >50001U), n=1803 399 (unclearif (MSQOL-54); recall
n=2133 disability, physical | (unclearif patients patients taking any level of behavior
activity, fish taking any other other medication) disability over upto 5
consumption medication) (Patient years
Determined
Disease Steps
scale),relapse
rate
Najafipoor, Controlled Patients with RRMS | No covariates Vitamin D3 50000 IU No vitamin D3 25(0OH)D 6 months
2015, Iran™ before and approved by investigated per weekfor 6 months, | supplementation, levels,
after study neurologists with or withoutdisease | with or without incremental

accordingto the
revised McDonald
criteria, n = 40

modifying treatment
(interferon-B),n = 27

disease modifying
treatment (interferon-
B), n=13

Epstein-Barr
virus antibody
titers

“Additional study details contained in published protocol™
25(0OH)D = 25 hydroxyvitamin D; IU = international units; MS = multiple sclerosis; MSQOL-54 = Multiple Sclerosis Quality of Life-54 Instrument; RRMS = relapsing remitting MS
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APPENDIX 3: Critical Appraisal of Included Publications

Table A4: Strengths and Limitations of Systematic Reviews and Meta-Analyses using

AMSTAR®

Strengths

Limitations

Autier, 2014°%

Comprehensive literature search performed on
multiple databases

Listofincluded and excluded studies provided in
supplementaryappendix

Study authors declared no conflict of interest
Study quality considered in the discussion section

No reference to a priori protocol

Unclear number ofauthors involved in study
selection and data extraction

Limited grey literature search (reference lists only)
Unclear if unpublished data was searched for or
included

Many characteristics ofincluded studies notreported
(e.g., comparators and specific vitamin D doses)

No formal qualityassessment

Explicit discussion of qualitynot made in formulation
of conclusions

No pooling of studies was performed

Narrative synthesis offindings was limited and
lacked context

Likelihood of publication bias notassessed

Ganesh, 2013

Duplicate studyselection and data extraction
conducted

Comprehensive literature search performed on
multiple databases

Grey literature search included reference list
searching, searching for unpublished trials and
conference proceedings

Listofincluded studies and studycharacteristics
provided

Scientific quality of primarystudies assessed using
the Cochrane Risk ofBBias tool

Publication bias notassessed, but unpublished data
includedin the review

Study authors declared no conflict of interest

Review protocol mentioned butnotreferenced
Listof excluded studies notprovided

Quality of studies onlybriefly mentioned in
formulation of conclusions

Studies summarized narratively, no pooling of
results and no explanation given for lack of pooling

James, 2013

Comprehensive literature search performed
Grey literature search included screening for
unpublished trials on multiple trial registration
repositories, hand searching of reference lists
Listofincluded studies and studycharacteristics
provided

Study quality (determined through informal methods)
considered in the formulation ofconclusions

Heterogeneitywas assessed using the 1% statistic

Publication bias assessed visuallyusing a funnel
plot and statisticallyusing Eggers test

Authors declared no conflictof interest

No reference to a priori review protocol
Unclear number ofauthors involved in study
selection and data extraction

Listof excluded studies notprovided

No formal assessmentofstudy quality

Pozuelo-Moyano, 2013

Two authors were involved in study selection
Comprehensive search performed on multiple
databases

Grey literature search included reference list
searches ofincluded articles as well as vitamin D in
MS studies known by the reviewers

Listofincluded studies and studycharacteristics
provided

No reference to a priori review protocol
Unclear number ofauthors involved in data
extraction

Listof excluded studies notprovided

No formal assessmentof publication bias; no
apparentsearch forunpublished data
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Strengths

Limitations

Quality of studies assessed using the Jadad
checklist

Quality considered in formulation of conclusions
Pooling of results deemed inappropriate due to
heterogeneityin dosing and outcome measures
Funding sources acknowledged and no conflict of
interestnoted

“Note that this review assessedthe effectiveness of vitamin D in various health conditions. The observations presented apply
specifically to the information summarized for MS, w here possible. Reporting quality w as variable across disease conditions.
MS = multiple sclerosis

Table A5: Strengths and Limitations of Randomized Controlled Trials using Downs and Black®

Study objectives stated in the methods section
Main outcomes to be measured clearlydescribed in
methods section

Patient characteristics clearlydescribed in primary
study

Interventions of interestclearly described in primary
study

Distribution of principal confounders clearly
described

Main study findings clearlydescribed

Estimates ofrandom variabilitypresented for main
outcomes

Several relevant adverse events assessed
Reasons fordrop-outs reported

Actual probabilityvalues reported

External Validity

Patients representative of population of patients
treated at outpatient polyclinics of various hospitals
across Finland over an unspecified time period
Staff, places and facilities likelyrepresentative of
context of care for patients across Finland

Internal Validity — Bias

Investigator, patients, and staff blinded to treatment
allocation

Statistical tests used to assess the main outcomes
were appropriate

Compliance inferred through pill counting and
measurementofchanges in 25(0OH)D levels

Main outcome measures accurate

Internal Validity — Confounding

Patients in different groups recruited from the same
population

Randomization conducted using software generating
randomlypermuted blocks for within center
randomization

Strengths Limitations
Treatment
Vitamin D versus No Vitamin D
Aivo, 2015”
Reporting Reporting

e Limited patientcharacteristics presented in
secondaryanalysis, several relevantbaseline
characteristics such as smoking and skin color not
disclosed
Not all potential adverse events reported
Characteristics of patients forwhom relevant
measurements were unavailable were unclear

External Validity

e Nodisclosure ofdifferences between willing and
unwilling participants

Internal Validity — Bias

e Unclearifthe analysis was pre-planned

e No adjustmentmade for differentlength of follow-up

Internal Validity — Confounding

e Unclearwhetherall patients were recruited over the
same timeframe

e Randomization lists were concealed from patients
and study staff

e Nointentionto treat analysis conducted, potentially
inadequate adjustmentfor confounding

e Lossestofollow-up nottaken into account

Power

e Authors state that due to the small sample size the
trial was notpowered to detect differences in clinical
outcomes
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Table A5: Strengths and Limitations of Randomized Controlled Trials using Downs and Black®

Strengths

Limitations

Ashtari, 2015

Reporting

e Hypothesis clearlystated in the introduction section

e Main outcomes and demographic characteristics

stated in the introduction and methods sections

Limited baseline patientcharacteristics described

Intervention of interestclearly described

Distribution of principal confounders provided

Main study findings clearlydescribed

Estimates ofrandom variability provided for main

outcomes

e Actual probabilityvalues reported

External Validity

o Staff, places and facilities where patients were
treated likely representative ofthe treatmentpatients
will receive (outpatienttreatment)

Internal Validity — Bias

e Patients and laboratory staff blinded to treatment
allocation

e No unplanned analyses were apparent

e  Statistical tests used to assess the main outcomes
were appropriate and specificto non-normal and
normal data

e Compliance was adequate and assessed by
observing changes in 25(0OH)D levels

e Main outcome measures accurate

Internal Validity — Confounding

e Al participants recruited over the same period of
time

e  Study subjects randomized to intervention groups

e Patients and laboratory staff blinded to treatment
allocation until recruitmentwas complete

e Lossestofollow-up reported

Reporting

e Several key baseline characteristics (i.e., BMI, skin
color, smoking status, vitamin D supplementation)
not disclosed
Several potential confounders notassessed
Rate of adverse events associated with the
intervention not reported

e Patients who did not attend final follow-up visits
were eliminated from the study and their
characteristics were notdescribed —itwas simply
disclosed thatthey did not have any symptoms or
medical problems or medication side effects

External Validity

e Patientsampling method unclear

o Differences between willing and unwilling
participants unclear

Internal Validity — Bias

e Unclearwhetheroutcome assessors (e.g.,
interpreters oflab results) were blinded

e No adjustmentfor difference lengths of follow-up
that occurred due to premature exit from the trial

Internal Validity — Confounding

e Unclearwhethertreatmentallocation was concealed
from staff physician

e Intentionto treat analysis was notconducted despite
dropouts

o EDSS score differed between treatment groups, but
was not adjusted forin analyses

e Unclearwhethervolume of patients lostto follow-up
is large enough to affect main findings

Power

e No sample size or power calculation disclosed

Etemadifor,2015™

Reporting

e Hypothesis clearlystated in introduction section

e Main outcome measures summarized in the

methods section

Limited baseline patientcharacteristics presented

Intervention of interestclearly described

Main findings ofthe study clearly described

Estimates ofrandom variabilityreported for main

outcomes

Limited adverse event reporting

No patients lostto follow-up within the 6 month

observation period

External Validity

e  Subjects representative of patients with clinically
definite MS with intention to become pregnantwho
were treated at outpatientclinics of a University
Hospital in Iran; recruited consecutively

Internal Validity — Bias

o No lossesto follow-up;therefore no adjustment
required
No unplanned analyses were apparent
Statistical tests used to assess the main outcomes

Reporting

e Several key baseline characteristics (i.e., BMI, skin
color, smoking status, vitamin D supplementation)
not disclosed
Distribution of potential confounders notprovided
Several potential adverse events (e.g.,
hypercalcemia) notreported

e p-values reported categorically, rather than by exact
value

External Validity

e Unclearwhethersubjects prepared to participate
were representative of the entire recruitmentpool

e Staff, places and facilities where patients were
treated only representative of outpatientMS clinics;
patients mayreceive higher standard of care

Internal Validity — Bias

e  Study authors reported that “patients who...failed to
attend for follow-up visits...were also excluded”
suggesting possible follow-up exclusions thatwere
not reported

e No blinding of study subjects or outcome assessors
(openlabel)
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aple A eng and atlo

Strengths

ed Co olled a 0 Do anad
Limitations

were appropriate

e Compliance assessed byinquiring aboutmissed
doses and counting unused supplements

e Main outcome measures accurate

Internal Validity — Confounding

e Patients indifferentintervention groups were
recruited from the same hospital population

e Patients were recruited over an 18 month period

e Patients randomized according to a computer-
generated list

e Nolossestofollow-up; no adjustmentrequired

e  Outcome of compliance assessmentnotreported

Internal Validity — Confounding

e Seasonaldifferencesintime of recruitment of
patients were not taken into account

e Concealmentofrandom allocation unclear

e Adjustmentfor potential confounders was insufficient

Power

e  Study authors stated that the trial was notpowered
to properly address clinical outcomes

Rosjg, 20157

Reporting

e Study aims and reference made to a priori study
protocol made in introduction and methods section

e Main outcome measures summarized in methods
section

e Characteristics of patients included in the study
clearly described
Intervention of interestclearly described
Main findings ofthe study clearly described

e Estimates ofrandom variabilityprovided for main
outcomes

e The numberof patients missing from analysis
reported

e Actual probabilityvalues reported

External Validity

e Patients representative of adult patients with RRMS

Internal Validity — Bias

e Patients and assessorsblinded to allocation
throughoutthe study

o No apparentdatadredging

e  Statistical tests used to assess the main outcomes
were appropriate

e Main outcome measures accurate

Internal Validity — Confounding

e Patientsinall treatmentgroups recruited from the
same population

e Patients inall treatmentgroups recruited over the
sametime period of 25 months

e Patients wererandomized and allocation was
concealed from studypersonnel

e Adjusted analysis was performed for potential
confounding factors that could affect the relationship
between vitamin D supplementation and
inflammation

Reporting

o Noreporting on adverse events

External Validity

e Nodisclosure ofdifferences between willing and
unwilling participants

Internal Validity — Bias

e No adjustmentfordropouts

e Compliance with supplementation protocol not
assessed

Internal Validity — Confounding

e Asmallnumberofpatients were lostto follow-up,
but this was not taken into account in analysis

Power

e No poweror sample size calculation disclosed

Toghianifar,2015™

Reporting

e  Study aim described clearlyin introduction

e Main outcomes described clearlyin introduction and
methods section
Limited baseline patientcharacteristics presented
Intervention of interestclearly described

e Distribution of potential confounders presented
Main findings clearlydescribed
Estimates ofrandom variabilityprovided alongside

Reporting

e Several key baseline characteristics (i.e., BMI, skin
color, smoking status, vitamin D supplementation)
not disclosed

o No adverse events apart from aggregate serum
calcium levels (notrate of hypercalcemia) reported

e Lossesto follow-up reported butit was only
commented that“They did not have any symgtom or
medical problem or medication side effects”

External Validity
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Strengths

ed Co olled a 0 Do anad
Limitations

main outcomes

e Actual probabilityvalues reported for main outcomes

Internal Validity — Bias

e Patientand laboratory staff were blinded to
intervention
No apparentdata dredging
Length of follow-up the same for all study groups

e  Statistical tests used to assess the main outcomes
were appropriate

e Compliance assessed byobserving serum 25(0OH)D
levels over course ofintervention

e Main outcome measures accurate

Internal Validity — Confounding

e Patients inall study groups recruited from the same
population

e Patients were randomized to intervention groups

Power

e Authors declared that80% powerwas established
for all analyses

e Insufficientinformation aboutsource population
provided to judge how representative subjects were

o Nodisclosure ofdifferences between willing and
unwilling participants

o Noinformation provided regarding staff, places, and
facilities where patients were treated

Internal Validity — Bias

o Timeframe for recruitmentof study participants is
unclear

Internal Validity — Confounding

e Concealmentofrandom allocation from study
physicians, personnel and patients unclear

e Minimal adjustmentfor confounding conducted using
multivariate regression with EDSS measuresas a
covariate; many other potential confounders not

considered

e Lossestofollow-up nottaken into accountin
analysis

Power

e Unclearwhetherdropouts critically affected study
power;no sample size calculation disclosed

High-Dose versus Low Dose Vitamin D

Sotirchos, 2016>"

Reporting

e  Study objectives, a study protocol and trial
registration including a priori study design were
reported in the introduction and methods sections
Baseline patientcharacteristics reported
Interventions of interestclearly described
Distribution of potential confounders clearly
described

e Estimates ofrandom variabilityprovided for main
outcomes

e Mostimportantadverse events captured

e Actual probabilityvalues reported

Internal Validity — Bias

e Patients and outcome assessors blinded to study
intervention dose, though they were aware of the
study intervention

e Patients interviewed by telephone monthlybetween
Visits to assess compliance
No apparentdata dredging
Statistical tests used to assess main outcomes were
appropriate

e Main outcome measures accurate

Internal Validity — Confounding

e Participants stratified by sexand randomized by
blocks of four to reduce sex differences inresponse
to vitamin D supplementation

e Random allocation concealed from patients and staff

e Distribution of confounders balanced across groups;
unnecessaryto adjust

e Lossestofollow-up reported butnot accounted for

Power

e Sample size and power calculation disclosed

Reporting

e Main outcomes contained, butnot explicitly stated in
the methods section

e Somerelevant baseline patientcharacteristics
missing (e.g., BMI, smoking status)

e Characteristics of patients lostto follow-up not
described

External Validity

e Source population and sampling method unclear

e Nodisclosure ofdifferences between wiling and
unwilling participants

e Generalizabilityof staff, places, and facilities where
patients were treated unclear as only location
(hospital) was disclosed

Internal Validity — Bias

e No adjustmentofdifferent lengths of follow-up due
to discontinuation, dropouts, or change in treatment

Internal Validity — Confounding

e Unclearwhether patients in each group were
recruited from the same population or over the same
time period

e Patients were aware that they were receiving vitamin
D in both groups, may have been compelled to
increase theirown dose

e Intentionto treat analysis notused

e Notall potential confounders considered atbaseline
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Table A5: Strengths and Limitations of Randomized Controlled Trials using Downs and Black®

Strengths

Limitations

Golan, 2013*®

Reporting

e Primaryand secondaryobjectives presented in
introduction section

e Main outcomes to be measured clearlydescribed in
methods section

e Limited patientcharacteristics presented
Interventions of interestclearly described
Distribution of principal confounders clearly
described

e Estimates ofrandom variabilityprovided for main
outcomes

e Some adverse events reported

e Reasons for drop-outs atvarious follow-up time
points presented

e Actual probabilityvalues reported for main outcomes

External Validity

e Subijects likelyrepresentative of entire population of
patients with RRMS who attended the clinicat an
MS center in Israel during a five-month period

Internal Validity — Bias

e Participants, outcomes assessors, and investigators
were blinded to treatmentallocation

e  Statistical tests used to assess main outcomes were
appropriate

e Main outcome measures accurate

Internal Validity — Confounding

e All study patients recruited from the same sources
population overthe same five month period of time

e “Assignmentto groups was randomlysetin advance
according to recruitmentorder.”*®

e Random allocation concealed from patients and staff

e Proportion of patients lostto follow-up reported

Reporting

e Somerelevant baseline characteristics (e.g., BMI,
smoking status, skin color, vitamin D
supplementation) notreported
Not all relevant adverse events were reported on
Characteristics of patients lostto follow-up not
described

External Validity

e Nodisclosure ofdifferences between wiling and
unwilling participants

e Staff, places and facilities onlyrepresentative of
specific MS care facilities; patients mayreceive
higher standard of care

Internal Validity — Bias

e No apparentadjustmentfor different lengths of
follow-up

e Compliance assessed verballyduring phone
conversations and clinic visits, butdrop invitamin D
levels at 12 months thatwas observed may indicate
poor compliance

Internal Validity — Confounding

e Potential confounding was identified as anissue by
authors, no adjustments made for seasonal variation
despite a potential influence on the outcomes

e Unclearwhetherloss to follow-up affected the main
findings as no adjustments were performed

Power

o Insufficientpowerto detect difference in the main
outcomes based on the targets set by initial power
analysis

Prevention
Vitamin D versus No Vitamin D

Derakhshandi, 2013>*

Reporting

e Hypothesis clearlystated inintroduction

e Main outcomes clearlydescribed in methods section

e Limited patientcharacteristics presented

e Intervention of interestclearly described
Main findings of study clearly described
Estimates ofrandom variability provided for main
outcomes

e Somerelevant adverse events were reported on

e Reasons forloss to follow-up presented

e Actual probabilityvalues reported

External Validity

e Subjects representative of patients diagnosed with
optic neuritis atophthalmologyreferral centers
during a 6 month periodiniran

Internal Validity — Bias

e Patients and outcome assessorswere blinded to
intervention
No apparentdata dredging
Statistical tests used to assess main outcomes were

Reporting

e Some potentiallyimportant patientcharacteristics
such as BMI, ethnicity and skin color, smoking
status, EDSS, number ofrelapses were not
discussed

e Very limited comparison of principal confounders
between groups
Not all relevant adverse events reported on
Characteristics of patients lostto follow-up not
described

External Validity

e Nodisclosure ofdifferences between wiling and
unwilling participants

o Staff, places, and facilities where patients are
treated only representative of the care patients
would receive at specialized ophthalmology centers;
may not be generalizable to broader optic neuritis
patients or patients at risk of MS

Internal Validity — Bias

e No adjustmentfor different lengths offollow-up
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Strengths Limitations
appropriate e Patients with poor compliance were excluded from
e Main outcome measures accurate analysis after 3 months
Internal Validity — Confounding Internal Validity — Confounding
e Patients in both groups recruited from the same e Some patients were recruited during summer
population overthe same period oftime months and some during fall/winter months; effect
e Randomization of patients was conducted using on baseline vitamin D status unclear
permuted-block randomization in blocks of two e Randomizationresults concealed from patients and
staff
e Inadequate adjustmentfor confounding
e Lossestofollow-up reported butnot accounted for
Power
o No poweror sample size calculation disclosed

“Both primary and secondary analyses critiqued together
BMI = body mass index; EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; RRMS = relapsing remitting multiple
sclerosis

Table A6: Strengths and Limitations of Non-Randomized Studies using Downs and Black™®

Strengths Limitations
Cortese, 2015™
Reporting Reporting
e  Study objectives clearly stated in introduction e No adverse events reported
e Main outcomes clearlydescribed in methods section | External Validity
Patient characteristics clearlydescribed e More women were willing to participate than men;no
Intervention of interestclearly described other characteristics ofwilling versus unwilling
e Distribution of potential confounders presented for participants were reported
cases and controls e Patients onlyrepresentative of MS patients in
Main findings clearlydescribed Norway with a disease duration shorterthan 10
e Estimates ofrandom variabilityprovided years )
No lossesto follow-up as the survey was cross- Internal Validity - Bias ,
sectional; however, recall bias is a risk e No blinding of study subjects or outcome assessors
e Probabilityvalues reported categorically e Doses ofvitam_in D were derived from self-reported
External Validity intake of cod-liver oil and may not be exact
e Context of vitamin D treatmentis likely o Nodirectevidence of data-dredging; however, with
representative of intake of vitamin D as cod liver oil absence of protocol and the variety of analyses
that occurs in the Norwegian community presented, excessive analysis mayhave been
Internal Validity — Bias conducted
e Statistical tests used to assess main outcomes were | ® N0 measures ofcompliance with cod liver oil
appropriate consumption over time were recorded
e Main outcome measures were accurate Internal Validity — Confounding
Internal Validity — Confounding e Norandomization of study subjects
e Al participants were recruited from the same e Adjustmentfor potential confounding factors was
Norwegian MS-registryand Biobank during 2008 made using multiple linear regression

Power
e Authors commented thatthe study mightbe
underpowered to observed “subtle” differences

Jelinek, 2015™

Reporting Reporting

e Study aims and hypotheses presented in e Distribution of potential confounders in each group
introduction not described

e Main outcomes to be measures clearlydescribedin | ¢  Main findings ofthe study underreported —
methods section regression coefficients, levels of significance not

e Patient characteristics clearlydescribed presented for all findings

e Intervention of interestclearly described e Adverse events notreported

e Cross-sectional survey, no losses to follow-up External Validity

e  Actual probabilityvalues reported e Samplingincluded web-based advertising, may

External Validity reduce generalizabilityto MS patients not engaged
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Strengths Limitations
e Useofintervention of interestlikely generalizable to online

use of vitamin D supplements in the community

Internal Validity — Bias

e No apparentdatadredging based on analyses
presentedin the study protocol

e Statisticaltests usedto assess the main outcomes
were appropriate

e Main outcome measures accurate

Internal Validity — Confounding

e Al patients recruited from the same broad
population overthe same 15 week period

e Adjustmentfor confounding performed for each main
outcome using regression analysis

e No lossesto follow-up due to study design

Power

e The samplesize was large and all analyses were
likely sufficientlypowered

Survey limited to English speakers
Differences between willing and unwilling
participants unclear

e Context of care may not extend to patients with
more severe disease orthose who are treated with
vitamin D on the advice of a healthcare practitioner

Internal Validity — Bias

e No blinding of study participants or outcome
assessors

e Temporalityof vitamin D supplementation and
developmentofMS could not be determined

e Compliance with intervention could notbe assessed
as it was self-reported

o Notall potential covariates were considered in the
regression models

Internal Validity — Confounding

e Norandomization of study subjects

Power

e No poweror sample size calculation disclosed

Najafipoor,2015™

Reporting

e  Study objective stated in introduction

e Main outcomes clearlydescribed inintroduction and
methods section

e Intervention of interestclearly described

e Characteristics of patients included in study
described

e Main studyfindings clearlydescribed
Estimates ofrandom variabilitypresented for main
outcomes

e Actual probabilityvalues reported

Internal Validity — Bias

e No apparentdatadredging

e Statisticaltestused to assess main outcomes were
appropriate

e Main outcome measures accurate

Internal Validity — Confounding

e Patients in both groups recruited from the same
population

e Recruitmentwas staggered over two periods
(Autumn and winter, and spring and summer) to
reduce potential bias ofa narrow recruitment period

Reporting
e Distribution of potential confounders was not
reported

e \Very limited adverse event reporting

e Numberofpatients lostto follow-up unclear

External Validity

e  Sampling method unclear, notcertain whether
participants are representative ofall RRMS patients

e Nodisclosure ofdifferences between willing and
unwilling participants

e Patients were recruited from an MS clinicin Iran,
therefore, context may not be generalizable to the
treatmentall MS patients receive, may be a higher
standard of care

Internal Validity — Bias

e Blinding of patients and outcome assessors unclear

e Lossestofollow-up notreported on, unclear whether
adjustmentrequired

e Compliance with intervention unclear

Internal Validity — Confounding

e Authors state that patients in the intervention group
were ‘randomlyselected’; however, no method of
randomization is described

o Insufficientand unclear adjustmentfor potential
confounding factors

e No apparentlosses to follow-up so they were not
taken into accountin analyses

Power

o No poweror sample size calculation disclosed

MS = multiple sclerosis; RRMS = relapsing remitting MS
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APPENDIX 4: Main Study Findings and Author’s Conclusions

Table A7: Summary of Findings of Included Systematic Reviews and Meta-Analyses

Outcome itamin D Comparator Effect Author’s Conclusions
estimate
Autier, 2014™
Effectiveness Outcomes
Vitamin D Placebo or N/A
without unspecified
concomitant comparator
therapy
Relapse or NR NR NR None of the sixintervention studies
disability that reported on the effect of vitamin D
supplementation on clinical endpoints
in multiple sclerosis had results that
were suggestive ofa benefit
James, 2013™
Effectiveness Outcomes
High dose Placebo or low OR
vitamin D dose vitamin D
Relapse,n=5 30/129 29/125 0.98 (9,44t0 | There was no significantdifference in
studies 2.17), I° = the odds of relapse between high dose
36% vitamin D and placebo or low-dose
vitamin D-treated patients
Subgroup analyses
Relapsein patients | 20/83 25/80 0.71 (0.35t0 | Subgroup analyses oftrials focused on
treated for = 52 1.44), 1 = long-term follow-up (= 52 weeks),
weeks,n =3 2% placebo only comparison, and use of
studies vitamin D3 only were consistentwith
Relapse intrials 22/94 20/90 1.08 (0.53to | the overall findings ofno significant
restricting to 2.19), 1’ = difference in the odds ofrelapse
placebo 0% between groups
comparison,n=3
studies
Relapse invitamin | 18/93 20/88 0.82 (0.33t0
D3 only studies, n 2.02), P =
=3 32%

Safety Outcomes®

Serious adverse
events

Nephrolithiasis

Renal dysfunction

Hypercalcemia

No incidence of serious adverse events, nephrolithiasis, renal dysfunction or hypercalcemia

were reported

Constipation

Low rates of constipation were reported by two primarystudies

Ganesh, 2013™"

Efficacy and Safety Outcomes

Inflammation
markers

Evidence from two double-blind placebo controlled trials suggests that:

e 6 months of supplementation with modestdoses (1000 IU per day) of vitamin D
significantlyincreases serum levels of TGF-1 (an anti-inflammatory cytokine)

e Increasingdosesofvitamin D over one year resulted in suppressed PBMC proliferative
responses to neuron antigens, with no significantchange in disease -associated PBMC
responses.

The authors noted that changes in surrogate biomarkers maynottranslate to actual clinical

benefit.

Clinical outcomes

Twelve randomized controlled trials observed:

¢ Non-significantreductionsinrelapse event, reductions in T-cell proliferation, no safety
concerns with escalating supplementation for one year79
e No significantdifference in EDSS scores or MRI lesions after 6 months*
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Table A7: Summary of Findings of Included Systematic Reviews and Meta-Analyses

Outcome

Vitamin D Comparator Effect Author’s Conclusions
estimate

e No significantdifferencesin clinical outcomes (though one studywas not properly
powered,* and the other used a relatively low dose of vitamin D)*

e One year of supplementation with 20 000 IU perday resulted in fewer new MRI lesions
and a trend towards reduced disabilityaccumulation and improved tandem walktime*®

e Further unpublished ongoing studies likelyto contribute further evidence regarding
therapeutic vitamin D supplementation in MsS™

e NNT to prevent a relapse ranged across comparative studies from 4.76 to 25

e Authors noted thatissues such as the wide range of doses, small sample sizes,and
varying comparators and severity of disease impede the abilityto make conclusions
regarding the effectiveness of vitamin D supplementation in MS

44,47,52,79

Pozuelo-Moyano, 2013

Overall findings

35,7876, 57

Four studies showed no effect of vitamin D on MS-related outcomes, while one showed
potential benefits 3% The authors commented thatthere is very limited evidence speaking to
the effectiveness of vitamin D supplementation in MS. Further, they raised concerns regarding
variable dosing, type of vitamin D provided, outcome measures,and small sample sizes.
Studies were likely underpowered to detectan effect; therefore, itis unclear whetherwell-
designed large-scale RCTs would produce differentoutcomes than the studies reviewed. The
authors anticipate thatresults from two ongoing studies (SOLAR® and EVIDIMS®) will
contribute valuable evidence to this line of inquiry.

Imaging studies

¢ No significantdifference in the mean number ofbrain gadolinium-enhancing lesions with
300000 IU per month injections *°, 6000 IU per day versus 1000 IU per day,™

e No significantdifference in the total volume of T2 lesions with 6000 IU per day versus 1000
IU per day™

e Statisticallysignificantreductionin the quantity of T1 enhancing lesionsand T2 lesion
volume with 20 000 IU per week for 1 year48 — Effects more pronounced in subgroup of
patients with at leastone relapse during the year preceding orenhancing T1 lesions at
baseline®

Relapserates

¢ No significantdifference in relapse rates between groups with 300 000 IU per month
injections

e Significantlyhigher proportion of relapse in patients receiving high dose (6000 IU) versus
low dose (1000 IU) vitamin D2, p = 0.04%

¢ No significantdifference in relapse rate in patients who received low dose calcitriol for 12
months versus placebo®

T cellfunction

e Lymphocyte proliferation significantlydecreased in vitamin D-treated patients with 300 000
IU per month injections “

EDSS

e Higher 3e5><it EDSS (p =0.05) in high dose vitamin D2 (6000 IU) versus low dose (1000 IU)
groups

¢ No significantchange in EDSSin patients who received low dose calcitriol for 12 months
versus placebo®

Disease activity

. WeekIXAZO 000 IU doses ofvitamin D3 for 96 weeks did not resultin changes in disease
activity

Fatigue severity
score

e Weekly 20000 |U doses ofvitamin D3 for 96 weeks did not resultin changes in fatigue
severity score

Adverse Events

Three studies reported on adverse events, which were deemed relatively mild in severity and comprised of
gastrointestinal side effects such as diarrhea, constipation, dyspepsia, fever, fatigue and headache.

44,47,48

“Results presented narratively

PResults on treatment w ith vitamin D analogues, or studies w ithout comparators not presented

EDSS = Expanded Disability Status Scale; IU = international units; PBMC = peripheral blood mononuclear cell; MS = multiple
sclerosis; MRl = magnetic resonance imaging; OR = odds ratio; RCT = randomized controlled trial
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Table A8: Summary of Findings of Included Randomized Controlled Trials

Outcome Vitamin D | Comparator | Effect Author’s Conclusions
estimate
Treatment
Vitamin D versus No Vitamin D
Aivo, 2015™
Adverse Events
D3 20000 U Identical N/A
for 12 placebo tablets
months
Hypercalcemia 0(0) NR NR No incidence of hypercalcemiainthe
treatmentgroup
Respiratorytract NR NR NS The rate of respiratorytract infections
infections and other mild infections did notdiffer
Other mild NR NR NS significantlybetween groups
infections
Ashtari, 2015
D3 50000 IU Placebo p-value
every 5 days
for 12 weeks
Serum 25(0OH)D, 28.27+29.03 | 39.6+20.97t0 <0.001 Significantlyhigher concentrations at
ng/mL (median, to 84.67 28.66 £ 25.34 3 months were observed in the
IQR) at 3 months 42.87 intervention group
Serum IL-10, 12.58+11.97 | 10.97+9.97 to 0.158 No differences between IL-10 levels
pag/mL (median, to 13.76 + 11.31+19.63 were observed between groups at3
IQR) at 3 months 18.96 months
Multiple linearregression analysis
suggested a positive association
between vitamin D consumption and
the log of IL-10 measures (3= 0.737,
p =0.015, and R* = 0.91) when
controlling forage, sex, and EDSS
scores
Adverse Events
Calcium, mg/dL 9.41+047t0 [ 9.40+£04to 0.302 No significantdifferencesin serum
(mean, SD) at3 9.53+0.60 9.34+0.46 calcium between groups atbaseline
months or after 3 months;
Calcium levels did notcross the upper
limits ofnormal
Etemadifar,2015™
Effectiveness Outcomes®
D3 50000 U Routine care p-value
weekly from
12to 16
weeks
gestation
until delivery
Serum 25(0OH)D 153+2.9 183+1.9 <0.05 Vitamin D supplemented patients had
level at baseline, significantly lower 25(OH)D levels at
ng/mL baseline and significantly higher
Serum 25(0OH)D 33.7+15.2 146+1.3 <0.01 levels at 6 months;
level at 6 months,
ng/mL “Six months after delivery, average
increase in serum 25(0H)D levels
between vitamin D3 and routine care
groups was 19.1 (0.3 to 29.9)™°
EDSS atbaseline | 1.2+0.3 1.3+04 NS | MD=- EDSS was significantly lower in
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Table A8: Summary of Findings of Included Randomized Controlled Trials

Outcome Vitamin D | Comparator | Effect Author’s Conclusions
estimate
0.6 (-1.2 | vitamin D supplemented patients at 6
EDSS 6 months 1.1+0.2 1.7+0.6 <0.05 | to -0.1), months versus routine care
after treatment p=NR
Relapse events at 1.3+05 11+04 NS MD =- | The mean number of relapses within
baseline 0.4 (-0.9 | 6 months was significantly decreased
Relapse events 6 0.0 0.0 04+05 NS to 0.2); in both study groups (data not
months after p shown); the average number of
treatment <0.060 relapses within 6 months was
reduced to a greater extentin the
vitamin D group versus routine care
despite no differences in the baseline
or end line rate of relapse events
between groups
Adverse Events
Urinary 0 (0) 0 (0) NR Vitamin D supplementation well
dysfunction, tolerated; no adverse events reported
frequency (%)
Symptomatic 0 (0) 0 (0) NR
nephrolithiasis,
frequency (%)
Disturbances of 0(0) 0(0) NR
cardiac rhythm,
frequency, (%)
Rasjg, 2015>
Effectiveness Outcomes
D3 20 000 IU Placebo Group
per week for capsules difference, p-
2 years value
Serum 25(0OH)D 67.6 (37.7) 6.2 (15.7) Group 25(0OH)D levels increased significanty
levels (change difference =60, in patients receiving vitamin D3
from baseline),n p =<0.001 supplementation versus placebo over

mol/L

96 weeks

Mean change of inf

ammation mark

ers from baseline t

o end line, change

(SD)

ALCAM (ng/mL) 4 (31) 9(22) 0.130 No differences in change from
CCL21 (pg/mL) 66 (129) 30 (115) 0.284 baseline values for markers of
CXCL16 (pg/mL) 42 (224) 47 (242) 0.763 inflammation between groups
IL-1Ra (pg/mL) 90 (478) -10 (115) 0.175
MMP-9 (ng/mL) 170 (464) 84 (529) 0.719
OPG (pg/mL) 43 (307) -33 (228) 0.390
OPN (ng/mL) -1.4(3.1) -2.0(2.5) 0.252
PTX3 (pg/mL) -39 (566) -95 (458) 0.638
sFRP3 (pg/mL) 13 (3775) 129 (736) 0.995
sSTND-r1 (pg/mL) 107 (164) 83 (139) 0.589
TGF-B1 (ng/mL) 0.0 (2.9) 0.1(2.2) 0.717
Toghianifar,2015™
Effectiveness Outcomes

D3 50 000 IU Placebo p-value

every 5 days

for 12 weeks
Baseline serum 28.27 £29.03 39.6 + 20.97 0.412 After 12 weeks, vitamin D treated
25(0OH)D, ng/m individuals had significantly higher
12 week25(0OH)D, | 84.67 +42.87 28.66 £ 25.34 <0.001 vitamin D status than controls
ng/m, baseline
Baseline IL-17, 56.75 +28.72 30.31+£78.85 0.338 No difference in baseline or end line
pg/mL IL-17 levels, or the proportion of
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Table A8: Summary of Findings of Included Randomized Controlled Trials

Outcome Vitamin D | Comparator | Effect Author’s Conclusions
estimate
12 weekIL-17, 58.93+67.93 46.13£94.70 0.960 patients with increased IL-17 levels
pg/mL after 12 weeks between vitamin D
Proportion with 60% 67% 0.567 treated individuals and controls;
increaseinIL-17
levels In multiple linearregression analysis,
vitamin D consumption showed a
significantpositive correlation with the
log of IL-17 measures in the
intervention group (3 =1.719;p =
0.002, R?= 0.91) when adjusted by
EDSS measures; thus, a large
amount of the variation in IL-17
measures may be attributed to
vitamin D supplementation
Baseline calcium, 9.41 +£0.47 9.40+04 0.980 No difference in baseline or end line
mg/dL calcium levels between vitamin D
12 week calcium, 9.53+0.60 9.34 + 0.46 0.302 treated individuals and controls
mg/dL
High versus Low Dose Vitamin D
Sotirchos, 2016™
Effectiveness Outcomes
D3 10400 IU D3 800 IU every p-value
every day for day for 6
6 months months
Serum 25(0OH)D 34.9 ng/mL 6.9 ng/mL (1.0 <0.0001 25(0OH)D levels were not significantly
(ng/mL), mean (25.0t0 44.7) to 13.7) different between baseline and mid-
change from study visits, or mid and end-study
baseline® visits, but were significantly different
between baseline and end-studyvisits
in the low-dose group
25(0OH)D levels were significantly
higherthan baseline atmid and end-
study visits, but not between mid and
end-studyvisits in the high dose
group.
Baseline 25(OH)D levels were not
significantlydifferentbetween low-
dose and high-dose groups, butwere
significantlyhigherin the high-dose
group at mid and end-studyvisits
Relapse,n 1 1 NR One relapse occurred in each

treatment group over the course of
the study

Immune cell subtype changes,
ge during study between groups, mean difference, % (95% Cl)

Comparison ofchan

IL-17"CD4" Tcells, | -3.70(-0.80t0 | -0,44 (-1.89 to 2.68(0.13to Greater negative change in IL-

proportion -6.58) 1.01) 5.23) 17°CD4" T cells observed in the high-
dose group compared to low-dose

group

IFN-y'CD4™ T -7.50 (017.16 -2.27 (-9.87 to 5.32(-2.89to Numerically greater negative change

cells t0 2.16) 5.33) 13.53) in high-dose group compared to low-

IFN-y 7 IL-177 -1.70 (-4.03to | -0.15(-0.99to 1.21 (-0.66 to dose group, not statisticallysignificant

CD4'T cells 0.65) 0.69) 3.07)

Effector memory -9.87 (-18.05 -0.80 (-11.37 to 8.24 (-2.19to
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Table A8: Summary of Findings of Included Randomized Controlled Trials

Outcome Vitamin D | Comparator | Effect Author’s Conclusions
estimate

CD4™ T cells to -1.69) 9.76) 18.67)

Centralmemory 10.89 (2.09 to 1.45(-8.29to0 -8.08 (-19.23 to Numerically greater positive change

CD4" T cells 19.67) 11.18) 3.07) in high-dose group compared to low-

Naive CD4™ T cells | 3.26 (0.10 to 1.82(-1.31to -1.99 (-6.0to dose group, not statistically significant
6.41) 4.95) 2.02)

CD161°CD4™ T -0.81(-1.54t0 | -0.41(-1.28+10 0.48 (-0.57 to Numerically greater negative change

cells -0.08) 0.46) 1.52) in high-dose group compared to low-

CD85°CD8™ T -3.19 (-5.91to -0.54 (-2.57to 2.64 (-0.18 to dose group, not statisticallysignificant

cells -0.48) 1.49) 5.46)

51 cytokines NR NR NR No differences in the levels of 51

cytokines measured at baseline and
end line in either group

Golan, 2013%

Effectiveness Outcomes, Mean (SD) at baseline and 1 year unless otherwise specified

D3 75 000 IU D3 800 IU/day p-value
every 3
weeks plus
800 IU daily
(4730 IU/day
total) forl
year
Serum 25(OH)D>* NR NR p <0.001 Significantly higher 25(OH)D levels
achieved by the high-dose group
versus low dose group throughout
follow-up at 3 months and 1 year
Flu-like NR NR NS No significant change in flu-like
symptoms** symptoms was observed in either
group, and there were no significant
differences between study groups,
insufficient power to detect a
difference between groups
Adverse Events
Hypercalcemia™ 0 (0) 0(0) NR Treatment with high and low dose
Possible vitamin D 0(0) 0 (0) NR vitamin D was well tolerated with no
related adverse reports of treatment-attributable
events® adverse events, or withdrawals due to
WDAE™ 0 (0) 0 (0) NR adverse events
PREVENTION
Derakhshandi,2013™
Efficacy Outcomes
D3 50 000 U Placebo p-value unless
weekly for 12 otherwise
months specified
Serum 25(OH)D
levels
Incidence of 0 (0%) 5 (45%) Absolute risk Significantly fewer cases of second
second reduction = demyelinating attack occurred in the
demyelinating 45.5%, treatment versus placebo group;
attack, frequency NNT =2
(%) 0.007

Magnetic Resonance Imaging Outcomes at 1-year follow-up, mean (SD)

Black holes 0.15+0.55 164+211 0.001
In final MRI

New gadolinium 0x0 1.36+2.24 0.002
enhancing lesions

Cortical plaques in 1.08+3 3.36+4.29 0.001

Incidence of black holes, cortical,
juxtacortical, corpus callosal, new
gadolinium-enhanced and new T2
lesions were significantly lower in the
vitamin D group versus placebo,
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Table A8: Summary of Findings of Included Randomized Controlled Trials

Outcome Vitamin D | Comparator | Effect Author’s Conclusions
estimate

final MRI whereas there was no difference in

Periventricular 4.62+4.29 591+6.12 0.16 the incidence of periventricular or

plaguesinfinal brain stem plaques and the difference

MRI in cerebellum plaques could not be

Juxtacortical 0.69+1.10 2.82+3.94 0.001 computed

plaques infinal

MRI

Corpus callosum 0.15+0.55 1.27 £1.90 0.005

plaques infinal

MRI

Brain stem plaques 0.15+0.55 0.27 £ 0.46 0.84

in final MRI

Cerebellum 0+0.0 0.18 £0.40 Not computable

plaques infinal

MRI

New plaques in T2 0.64 + 0.65 2.63+3.31 0.001

Adverse Events

Hypercalcemia 0(0) 0 (0) NR No incidence of hypercalcemia or

Vitamin D toxicity 0 (0) 0 (0) NR vitamin D toxicity reported in either

group
“Change frombaseline values not reported

PDeseasonalized and calculated as the predicted level on January 1%

°Data presented in afigure (exact values not presented), see Figure 2% for details
Data presented in a figure (exact values not presented), see Figure 3% for details

ALCAM = Activated leukocyte celladhesion molecule; CCL21 = Chemokine (C-C motif) ligand 21; Cl = confidence interval; CXCL16
= Chemokine (C-X-C motif) ligand 16; EDSS = Expanded Disability Status Scale; IFN = interferon; IL = interleukin; IL-1Ra =
Interleukin-1 receptor antagonist; MD = mean difference; MMP-9 = Matrix metalloproteinase 9; N/A = not applicable; NR = not
reported; NS = not significant; OPG = osteoprotegerin; OPN = osteopontin; PTX3 = pentraxin 3; SD = standard deviation; sSFRP3 =
secreted frizzled-related protein 3; sSTND-r1 = soluble tumor necrosis factorreceptor 1; TGF-B1 = transforming grow th factor § 1

Table A9: Summary of Findings of Included Non-Randomized Studies

Outcome itamin D Comparator Effect Author’s
estimate | Conclusions
Cortese, 2015
Efficacy Outcomes
Cod liver oil No cod liver oil OR, unless
otherwise
specified
Association between cod NR NR NR There was a significant
liver oil supplementation at association between cod
different ages and MS risk liver oil supplementation (a
source of vitamin D) during
adolescence and reduced
MS riskin unadjusted
models as well as models
adjusted for sun exposure,
infectious mononucleosis,
smoking, bodysize, oily
fish consumption and
education, but not during
childhood or adulthood
Association | Cod liver Cases,n (%) Controls, n (%) OR Cod liver oil consumptionin
between oil dose per (adjusted the range of equivalent
average month; for age and | vitamin D doses of0 to 200
daily intake equivalent sex), 95% U, 201to 400 IU, and 601
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Table A9: Summary of Findings of Included Non-Randomized Studies

Outcome Vitamin D Comparator Effect Author’s
estimate | Conclusions
ofvitamin D | vitamin D Cl to 800 IU was associated
and MS risk | dose per with a reduced odds of
day developing MS, while
doses intherange of 401-
No vitamin 525 (66.0) 784 (56.1) 1.00 600 and >800 trended
D towards areduced odds of
1to 15 79 (9.9) 160 (11.5) 0.74 (0.55 MS but this association was
teaspoons; to 0.99) not statisticallysignificant.
<200 IU While the authors claim a
dose-response relationship,
16 to 30 55 (6.9) 125(9.0) 0.68 (0.48 | andageneralpatternis
teaspoons, to 0.95) observed, the outcome
201to 400 does notprovide
9] compelling evidence for
311045 14 (1.8) 38(2.7) 058 (0.31 | this.
teaspoons, to 1.08)
401to 600
U
46 to 60 32(4.0) 104 (7.4) 0.46 (0.31
teaspoons, to 0.70)
601to 800
U
> 60 90 (11.3) 186 (13.3) 0.77 (0.58
teaspoons, to 1.02)
>800 IU
Jelinek, 2015
Effectiveness Outcomes
Vitamin D No vitamin D p-value,
supplementation supplementation | unless
otherwise
specified
Quality of life (MSQOL-54) NR NR NR In a regression model that
included deliberate sun
exposure, latitude, and
vitamin D supplementation
and evaluated the effect on
HRQOL, as wellas a
further adjusted model
including gender, age,
disability, physical activity
and fish consumption,
vitamin D supplementation
was associated with
improved quality of life,
though the association was
when additional covariates
were added
Level of Disability Patients taking 2000 to
5000 IU per day were more
No supplementation likelyto be in the mild
Mild 207 (52.4) NR disabilitygroup andless
Moderate 140 (35.4) likelyto be in the high
High 48 (12.2) disabilitygroup;those

1-20001U

taking 1 to 2000 IU per day
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Table A9: Summary of Findings of Included Non-Randomized Studies

Outcome Vitamin D Comparator Effect Author’s
estimate | Conclusions
Mild | 293 (48.0) were less likelyto be in the
Moderate | 243(39.8) mild disabilitygroup and
High | 74 (12.1) more likely to be inthe
2001 to 5000 IU moderate disabilitygroup (p
Mild | 439(59.9) >0.001);
Moderate | 236 (32.2)
High | 58 (7.9) Based on logistic
>5000 U regression modelling,
Mild | 257 (57.5) vitamin D supplementation
Moderate | 138(30.9) was not associated with the
High | 52 (11.6 odds of beingina
moderate disabilityor high
disabilitycategory
comparedto the no or mild
disabilitycategories when
controlled for a variety of
confounders including
latitude
Relapse Rate Significantlylower
annualized relapseratein
1-20001U 0.63 0.92 <0.001 patients receiving all
2001 to 50001V 0.61 <0.003 ranges ofvitamin D doses
>50001U 0.62 <0.001 versus those taking no
supplements, butthere
were no significant
differences between
varying ranges ofvitamin D
supplements;
Ordinal regression models
did not find an association
of vitamin D
supplementation with
relapse rate when
controlled for latitude,
gender, age, physical
activity, fish consumption,
and deliberate sun
exposure
Najafipoor,2015™
D3 50000 IU per No vitamin D N/A
week for 6 plus interferon-g
months plus
interferon-p
25(0OH)D levels mean (SD) 66.7 (53.5)t0 61.7 (42.8)t0 NR Vitamin D status improved
113.4(28.3) 61.46 (23.1) numericallyin
supplemented butnotnon-
supplemented group
VCA IgG, mean (SD) 212.14(168.5)to 182.07 (126.5)to NR All MS patients were
274.11 (193) 453.61 (221) seropositive for anti-VCA
EBNA1 IgG, mean (SD) 235.59(238.9)to 159.92 (26.4) to NR IgG and anti-EBNAL IgG at

250.07 (193.9)

339.53(209.6)

the onsetof disease;

Risein EBV antibodies
were significantlylowerin
vitamin D group than
control group; significant
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Table A9: Summary of Findings of Included Non-Randomized Studies

Outcome

Vitamin D

Comparator

Effect
estimate

Author’s
Conclusions

difference between
supplemented and control
groups after 6 months in
levels of both antibodies
(see Figure 1)

Decline in anti-VCA titers

6 (15%)

0 (0%)

NR

Decline in anti-EBNAL titers

6 (15%)

0 (0%)

NR

The proportion of patients
with a decline in both
antibody titers was 15%in
the supplemented and 0%
in the control group

Adverse Events

Vitamin D intoxication
defined as 25(OH)D > 250
nmol/L

0(0)

0(0)

NR

No evidence of vitamin D
intoxication in intervention
or control groups

25(0OH)D = 25 hydroxyvitamin D; EBNA1 = Epstein Barr virus nuclear antigen 1; EBV = Epstein Barr virus; HRQOL = health related
quality of life; IgG = immunoglobulin G; IU = international units; MS = multiple sclerosis; MSQOL-54 = Multiple Sclerosis Quality of
Life-54; NJA = not applicable; NR = not reported; NS = not significant; OR = odds ratio; VCA = Epstein Barr virus viral-capsid antigen
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APPENDIX 5: Additional References of Potential Interest

Ongoing Systematic Reviews

1.

Hempel S, Estrada E, Chen A, Miake-Lye |, Beroes J, Shanman R, et al. Modifiable risk factors in
the progression of multiple sclerosis. 2015 [cited 2016 Feb 25]. In: PROSPERO: International
prospective register of systematic reviews [Internet]. York (UK): University of York, Centre for
Reviews and Dissemination. Available from:
http://www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42015016461.

Ongoing Trials or Trials with Pending Publications

Treatment

2.

Bhargava P, Cassard S, Steele SU, Azewedo C, Pelletier D, Sugar EA, et al. The \itamin D to
ameliorate multiple sclerosis (VIDAMS) trial: study design for a multicenter, randomized, double-
blind controlled trial of vitamin D in multiple sclerosis. Contemp Clin Trials. 2014 Nov,39(2):288-93.

Dorr J, Ohlraun S, Skarabis H, Paul F. Efficacy of vitamin D supplementation in multiple sclerosis
(EVIDIMS Trial): study protocol for a randomized controlled trial. Trials [Internet]. 2012 [cited 2016
Mar 3];13:15. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3298796

AlQuaiz AM. Role of vitamin D in reducing the relapse rate in patients with multiple sclerosis. 2012
Dec 17 [cited 2016 Mar 10] . In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library
of Medicine. Available from: https://clinicaltrials.gov/show/NCT01753375 Identifier: NCT01753375.

Abedini M. Vitamine D in multiple sclerosis (MSVit). 2013 Jan 11 [cited 2016 Mar 10] . In:
ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available from:
https://www.clinicaltrials.gov/ct2/show/NCT01 768039 Identifier: NCT01768039.

Merck KGaA. A Multicentre study of the efficacy and safety of supplementary treatment with
cholecalciferol in patients with relapsing multiple sclerosis treated with subcutaneous interferon
Beta-1la 44 pg 3 times weekly (CHOLINE). 2010 Sep 8 [cited 2015 Mar 7; last updated 2015 Sep 8;
]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available from:
https://www.clinicaltrials.gov/ct2/show/NCT01198132 Identifier: NCT01198132.

Prevention

7.

Thouvennot E. Efficacy of cholecalciferol (Vitamin D3) for delaying the diagnosis of MS after a
clinically isolated syndrome (D-Lay-MS). 2013 Mar 20 [cited 2015 Mar 7; last updated 2016 Jan
18]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available
from:

https://www.clinicaltrials.gov/ct2/show/NCT0181 716 6?term=vitamin+d+multiple+sclerosis&rank=13
Identifier: NCT01817166.

O'Connell K, Kelly S, Kinsella K, Jordan S, Kenny O, Murphy D, et al. Dose-related effects of
vitamin D on immune responses in patients with clinically isolated syndrome and healthy control
participants: study protocol for an exploratory randomized double- blind placebo-controlled trial.
Trials [Internet]. 2013 [cited 2016 Feb 16];14:272. Available from:
http://www.ncbi.nlm.nih.govpmc/articles/PMC3844318
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