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Multiple sclerosis (MS) is a chronic demyelinating disease of central nervous system and is caused
by an aberrant immune response to myelin sheath. Disease-modifying medications, which mainly
aim to suppress such aberrant immune response, have signiﬁcantly improved MS treatment.
However, the disease severity continues to worsen. In contrast, progressively more data suggest
that 1,25-dihydroxyvitamin D or 1,25(OH)2D, i.e., the active vitamin D, suppresses the
diﬀerentiation of potentially pathogenic T cells associated with MS, enhances the diﬀerentiation of
regulatory T cells that suppress the pathogenic T cells, and promotes remyelination. These novel
1,25(OH)2D functions have encouraged investigators to develop vitamin D as a potential therapy
for MS. However, because of the hypercalcemia that is associated with high 1,25(OH)2D
concentrations, supplementation of native vitamin D has been a major focus in clinical trials for
the treatment of MS, but such trials have produced mixed data. In this article, we will review
current progress in the supplementation of diﬀerent vitamin D forms for the treatment of
experimental autoimmune encephalomyelitis (i.e., an MS animal model) as well as MS.
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1. Role of Vitamin D Supplementation in MS
1.1. Eﬀects of Supplementation of Native Vitamin D on Disease Activity in MS
Patients:
Based on previous animal studies, 1,25(OH)2D supplementation can readily cause hypercalcemia,
whereas supplementation of native vitamin D is relatively safe. Therefore, while assessing native
vitamin D supplementation in MS animal models, investigators also studied supplementation of
native vitamin D in MS patients. In as early as 1986, such vitamin D supplementation, in
combination with calcium and magnesium, was initially evaluated for the treatment of MS [1].
Because of the ﬁndings that 1,25(OH)2D has at least three biological functions that are potentially
beneﬁcial to MS patients, recent clinical investigations began to focus on randomized, placebocontrolled studies to assess the role of supplementation of native vitamin D in the treatment of
MS. In one study, using the data from a 96-week randomized and placebo-controlled trial that was
initially designed to assess the eﬀect of oral vitamin D3 supplementation (20,000 IU/week) on
bone mineral density in MS patients, Kampman et al. reported a modiﬁed analysis. This modiﬁed
post hoc analysis included 35 patients in the vitamin D3 group and 33 in the placebo group. The
goal of this analysis was to evaluate potential therapeutic eﬀect of the vitamin D3
supplementation on MS [2]. The results showed that there was no signiﬁcant diﬀerence between
groups in annualized relapse rate, expanded disability status scale, MS functional composite
components, grip strength, or fatigue

[2].

In another study, Soilu-Hanninen et al. performed a one-

year study of vitamin D3 supplementation as an add-on treatment to IFN-b1b in MS patients

[3].

The study compared 34 MS patients who received an oral supplementation of vitamin D3 (20,000
IU once a week) with 32 MS patients who received a placebo. Their data showed that the vitamin
D supplementation reduced the numbers of T2 lesions (p = 0.286) and T1 enhancing lesions (p =
0.004). In addition, the vitamin D supplementation reduced disability accumulation (p = 0.071)

and improved timed tandem walk (p = 0.076). However, there were no signiﬁcant diﬀerences in
adverse events and annual relapse rate. The authors concluded that vitamin D3 supplementation,
as an add-on treatment to IFN-b1b, reduced magnetic resonance imaging (MRI) disease activity in
MS patients [3]. In the third study, Stein et al. performed a six-month clinical trial [4]. This trial
included 11 MS patients who received oral supplementation of vitamin D2 (an initial dose of 6000
IU twice daily and subsequently adjusted to maintain 25[OH]D levels at 130-175 nM) and 12 MS
patients who received a placebo. In addition, all patients received 1000 IU vitamin D daily. Their
data showed that no signiﬁcant treatment diﬀerences were detected in the primary MRI endpoints
[4].

In the fourth study, Mosayebi et al. performed a six-month trial in which 26 MS patients

received 300,000 IU/month of vitamin D3 via intramuscular injection and 33 MS patients received
a placebo. This trial showed no signiﬁcant treatment diﬀerences in terms of expanded disability
status

scale

and

number

of

gadolinium-enhancing

lesions

[5].

Hence,

these

earlier

randomizedï¼placebo-controlled clinical trials do not provide reproducible data in support of the
use of vitamin D supplementation for the treatment of MS.
The above-described earlier randomized, placebo-controlled trials may have several drawbacks
such as relatively small sample size, insuﬃcient dose, or short length. In this regard, recently
published clinical trials tried to overcome these insuﬃciencies. For instance, Camu et al. studied
63 relapse-remitting MS (RRMS) patients who received an oral vitamin D supplementation
(100,000 IU every other week) for 96 weeks and 66 RRMS patients who received a placebo
(CHOLINE)

[6]

. This intervention did not meet the primary outcome, i.e. mean annualized relapse

rate. However, for the patients who completed the 2-year follow-up (45 with vitamin D and 45 with
placebo), the vitamin D treatment led to signiﬁcant reductions in annualized relapse rate (p =
0.012), new hypointense T1-weighted lesions (p = 0.025), volume of hypointense T1-weighted
lesions (p = 0.031), and progression of expanded disability status scale (p = 0.026) [6]. In a
multicenter randomized controlled clinical trial (EVIDIMS)

[7],

Dorr et al. compared high dose

vitamin D supplementation (20,400 IU, every other day) with those of low dose vitamin D (400 IU,
every other day) as an add-on treatment to IFN-b1b in patients with RRMS or clinically isolated
syndrome. Fifty-three patients were randomized (28 in high dose group and 25 in low dose group)
and 41 patients completed the 18-month study. The data showed that there were no diﬀerences
between the two groups regarding relapse rates, disability progression, T2-weighted lesion
development, contrast-enhancing lesion development, and brain atrophy [7]. In another study
(SOLAR)

[8]

, Hupperts et al. investigated an oral supplementation of high dose vitamin D as an

add-on treatment to IFN-b1a in RRMS patients for 48 weeks. This study randomized 229 patients
in which 113 patients received a daily supplementation of 14,007 IU vitamin D and 116 patients
received a placebo. The data showed that there were no signiﬁcant diﬀerences between the two
groups in âno evidence of disease activityâ (primary outcome). However, patients in the vitamin D
group had better MRI outcomes for combined unique active lesions (p = 0.0045) and change from
baseline in total volume of T2 lesions (p = 0.035) [8]. Notwithstanding the MRI results, data from
previous comprehensive randomized, placebo-controlled clinical trials fail to show positive eﬀects
on the symptomatology of MS, which is the required endpoint for a successful therapy.

1.2. Role of Supplementation of Native Vitamin D in Potentially Pathogenic T
cells in MS Patients
While being evaluated for its potential role in MS disease activity, vitamin D supplementation has
also been investigated for its eﬀects on the control of potentially pathogenic T cells. Since IL17+CD4+ T cells have been shown to be the major pathogenic cell subset in EAE, IL-17 has been
intensively studied in MS patients. In a study of 94 RRMS patients in which 47 patients received a
supplementation of 50,000 IU vitamin D3 every ﬁve days for 12 weeks and 47 patients received a
placebo, Toghianifar et al. reported that, the vitamin D3 supplementation appeared to abrogate
the non-signiﬁcant increase of serum IL-17 levels observed in the placebo group

[9]

. Similar results

were seen in another study reported by Golan et al. in which 21 MS patients received 800 IU/day

of vitamin D3 (low dose) and 24 MS patients received 4,370 IU/day (high dose). At 3 months after
the intervention, a signiﬁcant increase in serum IL-17 levels was observed in the low dose group,
which was not seen in the high dose group [10]. In addition, this study did not observe a signiﬁcant
diﬀerence in the serum levels of IFN-g between the low dose and the high dose vitamin D groups.
In this respect, Th1 cells, which secrete IFN-g, are also an important pathogenic T cell subset in
MS patients [11]. In contrast, in a study in which 30 RRMS patients received 20,000 IU/week of
vitamin D supplementation and 29 received a placebo for 12 months. Aivo et al. reported that
there was an increase in the serum IL-17A levels compared to baseline in the vitamin D group (p =
0.0666) while the serum IL-17 levels remain similar in the placebo group (p = 0.5243) [12]. In
another study, 19 MS patients received 10,400 IU/day of vitamin D supplementation (high dose)
and 21 received 800 IU/day (low dose) for 6 months

[13]

. From this study, Sotirchos et al. reported

that the high dose vitamin D supplementation signiﬁcantly reduced the percentages of IL17+CD4+ T cells (p = 0.016), CD161+CD4+ T cells (p = 0.03), and eﬀector memory CD4+ T cells (p
= 0.021), but increased the percentages of central memory CD4+ T cells (p = 0.018) and naÃ¯ve
CD4+ T cells (p = 0.04). These eﬀects were not seen in the low-dose group [13]. In the SOLAR trial
in which 30 RRMS patients received 7000 IU/day of vitamin D for 4 weeks followed by 14,000
IU/day up to week 48 and 23 received a placebo, Muris et al. reported no diﬀerences in the
percentages of IL-17+CD4+ T cells between the vitamin D3 (p=0.59) and placebo (p = 0.96)
groups

[14]

. In an earlier study in which 15 RRMS patient were supplemented with 20,000 IU/day

vitamin D3 for 12 weeks
+

+

percentages of CD4 IL-17

[15],

Smolders et al. did not observe signiﬁcant diﬀerences in the

and CD4+IFN-g+ cells before and after the treatment. These results,

while not dramatic, are suﬃciently positive to justify further exploration into the eﬀects of vitamin
D supplementation on potentially pathogenic T cells at local levels such as in the immune system
and CNS of MS patients.

1.3. Eﬀects of Supplementation of Native Vitamin D on Potentially Immune
Regulatory Mechanisms in MS Patients
Treg cells and their associated cytokines (e.g. TGF-b and IL-10) are critical in the control of MS
[16][17][18][19]

. In one study mentioned above, Golan et al. showed that there were no diﬀerences in

the serum levels of IL-10 between the high dose (4,370 IU/day) and the low dose (800 IU/day)
vitamin D groups

[10]

. In another study mentioned above, Avio et al. reported a signiﬁcant increase

in the serum levels of latency activated peptide of TGF-b (p = 0.0249) in MS patients who were
treated with vitamin D but not those who were treated with placebo (TGF-b is a cytokine used by
Treg cells to execute immune regulatory functions)

[12]

. In addition, this study also showed a mild

increase in serum IL-10 levels in the vitamin D-treated patients, which was however not signiﬁcant
(p = 0.1466). In contrast, serum IL-10 levels were non-signiﬁcantly decreased in the placebotreated patients (p = 0.2503) [12]. In the SOLAR trial mentioned above, Muris et al evaluated the
eﬀects of the high vitamin D supplementation on various regulatory cell subsets

[14]

. In both

vitamin D and placebo groups, the authors did not see signiﬁcant increase in the percentages of
various

regulatory

CD4+CD25+FoxP3+

cell
nTreg,

subsets

including

CD4+CD25+CD127-

CD4 +CD25+CD127-FoxP3+

nTreg,

natural

Treg

CD4 +CD25+CD127-CD39+

(nTreg),
nTreg,

CD4+CD25+CD127-CD45RA- memory nTreg, CD4 +IL-10+ induced Treg (iTreg), CD19+IL-10+
regulatory B cells (Breg)

[14]

. Finally, in the earlier study mentioned above in which 15 RRMS

patients were supplemented with 20,000 IU/day vitamin D3 for 12 weeks

[15]

, Smolders et al.

reported that the vitamin D supplementation led to a signiﬁcant increase in the percentage of
CD4+IL-10+ cells. These results are again suﬃciently interesting to warrant the pursuit of the
eﬀects of vitamin D supplementation on immune cells at local levels such as in the immune
system and CNS of MS patients.

1.4. Role of Metabolic Disorders in the Supplementation of Native Vitamin D
for the Treatment of MS

Increasing amount of evidence suggests that disordered lipid metabolism in both peripheral
tissues and CNS is associated with MS pathogenesis

[20][21]

. One report showed that serum levels

of low-density lipoprotein and total cholesterol inversely correlated with cognitive function of MS
patients

[22]

. Although we did not ﬁnd any studies that investigated the eﬀects of vitamin D

supplementation on lipid metabolism in MS patients, it is worth discussing this type of studies in
other settings such as diabetes. We reason that ﬁndings of these studies in other settings may
shed light on future similar studies in MS patients. One study investigated blood lipid levels in
type
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diabetes

patients

at

baseline,

3

months,

and

6

months

following

vitamin

D

supplementations at a daily dose of either 4,000 IU or 6,000 IU. This study reported signiﬁcant
decrease in total cholesterol and triglycerides in the patients who received 6,000 IU vitamin D for
6 months

[23]

. However, when adjusted for the confounders, the observations were not signiﬁcant

anymore. In another study, Ponda et al. performed a randomized, placebo-controlled trial in which
151 vitamin D insuﬃcient adults (deﬁned as serum 25[OH]D levels < 20 ng/mL) received either
50,000 IUs of vitamin D3 weekly or placebo for 8 weeks. Data from this study showed that the
vitamin D supplementation did not improve lipid proﬁle

[24]

. In the third study, Kane et al

performed an eighteen-week randomized, double-blind, placebo-controlled clinical trial among 26
individuals who had insuﬃcient serum 25(OH)D levels (<25 ng/mL). All the individuals, when
entering the study, received daily supplementation of 1,000 IU vitamin D. Subsequently, the
vitamin D doses was ﬁrst adjusted at week 6 to 2,000 IU/day if serum 25(OH)D levels were not
greater than 25 ng/mL for those individuals whose baseline serum 25(OH)D levels were less than
20 ng/mL or if serum 25(OH)D levels were not increased by at least 25% for those individuals
whose baseline serum 25(OH)D levels were 21-25 ng/mL. The dose was further adjusted at week
12 if the above-mentioned 25(OH)D levels were still not met. As a result, vitamin D3 was titrated
to 1000 IU/day in 15/26 (58%), 2000 IU/day in 10/26, and 3000 IU/day in 1/26 individuals. Data
from the above study showed that serum levels of free but not total 25(OH)D levels inversely
correlated with serum levels of triglycerides and low density lipoproteins cholesterol (LDLC)

[25]

. In

the fourth study, Schwetz et al performed a post hoc analysis of a single-center, randomized
double-blind, placebo-controlled clinical trial in which two hundred individuals who had arterial
hypertension and serum 25(OH)D levels less than 75 nmol/L were randomized to 2,800 IU/day of
vitamin D or placebo for 8 weeks. Among the two hundred patients, one hundred sixty-three
patients (79 in vitamin D group and 84 in placebo group) had lipid data and these individuals were
included in the analysis. The analysis showed that the vitamin D supplementation signiﬁcantly
increased total cholesterol, triglycerides, very low density lipoproteins (VLDL), low density
lipoproteins (LDL), high-density lipoprotein (HDL), triglycerides, apolipoprotein B (ApoB), LDLApoB, ApoCII, ApoCIII, phospholipids, and ApoE

[26].

Considering the diﬀerent impacts of vitamin D

supplementation on lipid metabolism that were observed under diﬀerent pathological settings,
impact of vitamin D supplementation on lipid metabolism in MS patients should be carefully
evaluated.

1.5. Role of HLA in the Supplementation of Native Vitamin D for the
Treatment of MS
In the past, genome-wide association studies (GWAS) have revealed over 200 genetic loci that are
ﬁrmly associated with MS susceptibility [27]. Among all these association studies, the major
histocompatibility (MHC) gene, HLA-DRB1, has been consistently observed across all populations
studied [27]. Additional ﬁndings suggest that the genetic association is aﬀected by environmental
factors

[27]

. To understand the inﬂuence of vitamin D on the genetic association of MS,

Ramgopalan et al analyzed the entire genomic sequence of the HLA-DRB1, HLA-DQA1, and HLADQB1 genes as well as 5 Kb upstream from the transcriptional start sites of these genes that
contained promoter regions. Their analysis revealed only one potential vitamin D-responsive
element (VDRE) that was located in the proximal promoter region immediately 5â to the
transcriptional start site of HLA-DRB1. Further experiments conﬁrmed that the identiﬁed VDRE
element was functional and that addition of 1,25(OH)2D led to a signiﬁcant increase in the cell

2

surface expression of HLA-DRB1 speciﬁcally and only in HLA-DRB1*15-bearing cells

[28]

. This data

provides strong evidence that 1,25(OH)2D can directly modify the expression of HLA-DRB1*15
molecule that has linkage to MS

[29]

. However, the implication of 1,25(OH)2D-mediated

modiﬁcation of HLA-DRB1*15 expression requires further investigation.

1.6. Role of Microbiota in the Supplementation of Native Vitamin D for the
Treatment of MS
The role of microbiota in the pathogenesis and treatment of paralytic disease has been
investigated in animals. In one study, microbiota was modulated through antibiotic treatment in
mice that spontaneously developed EAE. The data showed that microbiota modulation before
disease onset prevented the disease development. However, microbiota modulation after disease
onset did not aﬀect the ongoing disease

[30]

. In another study, Cignarella et al reported that

animals with intermittent fasting, when compared to those with a normal diet, showed
ameliorated paralytic disease following EAE induction

[31].

In addition, in the fasting animals, there

was an enrichment of Lactobacillaceae, Bacterioidaceae, and Prevotellaceae families in gut
microbiota. Subsequently, the author transplanted fecal microbiome from intermittent fasting
mice or normal diet mice into recipient mice that were depleted of microbiota. The mice were
then induced for EAE. Their data showed that the fecal microbiome from intermittent fasting mice,
but not that from normal diet mice, signiﬁcantly meliorated paralytic disease in the recipient mice
[31]

. In summary, the above-mentioned data suggest that the alteration of microbiota changes the

susceptibility to EAE induction but has minimal eﬀect on ongoing paralytic disease in animals.
In humans, a recent systemic review suggests that there is no signiﬁcant diﬀerence in microbiota
diversity between MS patients and normal healthy controls

[32]

. However, taxonomic diﬀerences in

microbiota were noticed. These taxonomic diﬀerences indicate a potential role of gut bacteria in
MS pathogenesis. In addition, the potential impact of vitamin D supplementation on microbiota in
humans was also investigated. In one randomized, placebo-controlled study, 26 vitamin Dinsuﬃcient (deﬁned as serum 25[OH] levels < 50 nmol/L), overweight or obese (BMI â¥ 25 kg/m 2)
otherwise healthy adults were recruited

[33]

. Among the 26 adults, fourteen adults received

vitamin D (100,000 IU of loading dose followed by 4000 IU/day for 16 weeks) and 12 adults
received placebo. Fecal microbiota at baseline and 16 week were collected for analysis. The
analysis did not see signiﬁcance in microbiome a-diversity between the two groups at baseline and
16 week. However, adults in the vitamin D group had a higher abundance of genus Lachnospira
and lower abundance of genus Blautia. Furthermore, adults with 25(OH)D > 75 nmol/L, when
compared to those with 25(OH)D < 50 nmol/L, had a higher abundance of genus Coprococcus and
had a lower abundance of genus Ruminococcus

[33]

. In another study in which 20 adults with

vitamin D insuﬃciency (deﬁned as serum 25[OH]D levels < 30 ng/ml) were provided with 600,
4,000, or 10,000 IU/day of oral vitamin D3. Stool samples at baseline and week 8 were collected
for the analysis of gut microbiota. The data showed that the vitamin D supplementation led to
dose-dependent increase in bacteria associated with amelioration of inﬂammatory bowel disease
activity

[34]

[34]. In addition to healthy subjects, the impact of vitamin D supplementation (5,000

IU/day for 90 days) on microbiota in MS patients was also studied

[35].

Data from this study

showed a lower abundance of otherwise operational bacterial unit Faecalibacterium in MS patients.
The vitamin D treated MS patients had an increase in the Akkermansia, Faecalibacterium, and
Coprococcus genera. The authors hence concluded that vitamin D supplementation was
associated with diﬀerences or changes in the microbiota

[35]

. In summary, recent studies show

that vitamin D supplementation has eﬀects on the composition of microbiota. However, future
studies are warranted to understand how the microbiota changes aﬀect the therapeutic outcome
of vitamin D supplementation in MS patients.
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