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Introduction

Multiple sclerosis (MS) is the most common
demyelinating disease of the central nervous sys-
tem and the most common cause of nontraumatic
disability among young adults [1, 2]. The inci-
dence and prevalence of MS are increasing, and
the medical, social, and economic burden of the
disease is significant [3]. While the precise etiol-
ogy of MS remains to be completely elucidated,
it appears to arise from a combination of genetic
and environmental factors. Vitamin D, “the sun-
shine vitamin,” and sunlight have been impli-
cated among several other environmental factors
thought to contribute to an individual’s risk of
developing MS, others including smoking, obe-
sity, and Epstein-Barr virus infection. The inter-
action between vitamin D and MS has been the
subject of significant investigative efforts, and
much has been learned. This chapter will discuss
the role of vitamin D in the pathophysiology of
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MS and review the evidence related to clinical
outcomes in patients with MS who have vitamin
D deficiency.

Background
Source and Metabolism of Vitamin D

Vitamin D is technically a prohormone that is
synthesized in the skin from 7-dehydrocholesterol
as a result of exposure to solar ultraviolet-B radi-
ation (UVB) or obtained through ingestion. UVB
radiation photolysis of 7-dehydrocholesterol to
pre-vitamin D3 which is subsequently isomer-
ized by a nonenzymatic membrane enhanced
catalysis to vitamin D3 [4]. Although sun expo-
sure is capable of yielding substantial amounts of
vitamin D, a number of individual factors (e.g.,
age, increased skin pigmentation, use of sun-
screen, time spent indoors) and environmental
factors (e.g., time of day, latitude, climate) limit
sunlight as a source of vitamin D [5]. Dietary
sources of vitamin D such as salmon, tuna, egg
yolk, shiitake mushrooms, and other mushrooms
exposed to sunlight for UVB radiation as well as
fortified milk, orange juice, and some cereals can
provide modest amounts (between 100 and 200
international units (IU) per day) of vitamin D in
the form of vitamin D3 (cholecalciferol, animal
sources) or vitamin D2 (ergocalciferol, yeast,
mushrooms, and plant sources) [6—8] (Fig. 10.1).
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Fig. 10.1 Metabolism and immunomodulatory effects of vitamin D

Although vitamin D2 and vitamin D3 have no
known intrinsic biological activity on calcium
metabolism or on non-calcimimetic genomic
activities, there is some evidence that vitamin D3
itself may play a fundamental role in stabilizing
endothelial membranes reducing inflammatory
activity. Vitamin D (D represents D2 or D3) is
weakly bound to the vitamin D-binding protein
and transported via the bloodstream to the liver
for enzymatic conversion to 25-hydroxyvitamin
D [25(OH)D]. This is subsequently hydroxylated
to 1,25-dihydroxyvitamin D [1,25(OH),D] in the
kidneys for regulating calcium, phosphate, and
bone metabolism [7, 8]. 1,25(0OH),D interacts
with its nuclear vitamin D receptor (VDR) in the
small intestine resulting in the enhancement of
dietary calcium and phosphate absorption. In the
bone, this hormone interacts with its receptor in
osteoblasts resulting in the increased expression
of receptor activator of NFkB (RANKL), which
in turn interacts with monocytes to become
mature osteoclasts. These cells are responsible

for removing calcium from the skeleton to help
maintain calcium homeostasis.

There are a variety of tissues and cells that
also have the capacity to convert 25(OH)D to
1,25(0OH)2D including macrophages, monocytes,
breast, colon, brain, and prostate among other tis-
sues. It is believed that the local production of
1,25(0OH),D acts in an autocrine or paracrine
fashion to regulate a wide variety of genes con-
trolling DNA synthesis, apoptosis, and cellular
maturation among many other activities. In addi-
tion to these genomic activities, locally produced
1,25(0OH),D initiates its own destruction by
markedly enhancing the expression of the
25-hydroxyvitamin =~ D-24-hydroxylase. = This
enzyme causes oxidation of the side chain pro-
ducing a water-soluble inactive vitamin D metab-
olite calcitroic acid. When healthy adults ingested
2000 IUs/day of vitamin D for 12 weeks, 291
genes responsible for regulating more than 100
different metabolic processes were altered in
their peripheral white blood cells [8]. These
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non-calcemic genomic activities may be respon-
sible for the importance of vitamin D in such
diverse roles as cancer prevention [9], as well as
immune [10], and cardiovascular disease [11].

Immunomodulatory Effects
of Vitamin D

The role of vitamin D in immune function has
been the subject of extensive investigation since
the discovery of VDRs in activated human T and
B lymphocytes [12, 13]. VDRs have now been
identified on virtually all immune cells, many of
which are also capable of converting 25(OH)D
into 1,25(0OH),D [12-17], allowing 1,25(OH),D
to modulate immune function at sites of inflam-
mation [18]. Vitamin D modulates the response
of both innate and adaptive immune cells [18].
Vitamin D does not appear to be immunosup-
pressive, but rather immunomodulatory, with
pleotropic effects on immune function. The
immunomodulatory mechanisms of vitamin D
have been recently reviewed extensively [18-20],
so we will only discuss a few key findings perti-
nent to MS and experimental autoimmune
encephalomyelitis (EAE).

Treatment with the active form of vitamin D,
1,25(0OH),D, promotes a tolerogenic state among
dendritic cells, characterized by decreased pro-
duction of inflammatory cytokines (e.g., interleu-
kin-12 [IL-12]) and increased production of
anti-inflammatory cytokines (e.g., IL-10, trans-
forming growth factor-f) [21]. These tolerogenic
dendritic cells are less capable of activating allo-
reactive T-cells and promote the differentiation of
regulatory T-cells [21, 22]. The effects of
1,25(0OH),D on macrophages are more complex.
Early in the course of an inflammatory stimulus,
1,25(0OH),D produced by macrophages promotes
inflammatory and antimicrobial mechanisms
essential for pathogen clearance [23, 24].
However, 1,25(0OH),D also attenuates toll-like
receptor-mediated inflammation through enhanc-
ing negative feedback [25] which promotes
decreased production of inflammatory cytokines
such as IL-6 and TNF, increases production of
IL-10, and impairs macrophage activation of

T-cells [18]. Thus while 1,25(OH),D promotes
the inflammatory M1 macrophage phenotype, it
also abrogates inflammation through favoring the
anti-inflammatory M2 macrophage phenotype.

Historically, vitamin D was thought to modu-
late adaptive immunity through its effects on
innate immune function as outlined above. More
recently, however, the role of vitamin D in
directly modulating adaptive immunity has
attracted interest and is beginning to be eluci-
dated [20]. The effects of vitamin D on B-cells
remain incompletely understood. 1,25(OH),D
reduces the proliferation of B-cells, inhibits
immunoglobulin class switching, induces B-cell
apoptosis, and decreases antibody production
[20]. However, 1,25(OH),D also stimulates ter-
minally differentiating B-cell to become plasma
cells and promotes B-cell migration to sites of
inflammation [20].

T-cells are directly and indirectly affected by
vitamin D, although the effects of 1,25(OH),D
differ between different T-cell subsets [26]. For
example, 1,25(OH),D inhibits the differentiation
and activity of Th17 cells, and impairs the devel-
opment of experimental autoimmune encephalo-
myelitis (EAE) by MOG-specific Th17 cells in a
VDR-dependent fashion [27, 28]. 1,25(0OH),D
reduces T-cell production of IL-2, IL-17, and
IFNy and abrogates the cytotoxic activities of
CD4+ and CD8+ T-cells [29]. In vivo 1,25(0OH),D
has been found to enhance the development of
IL-10-producing T-cells, reduce the number of
IL-6- and IL-17-secreting cells, and increase the
number of CD4+CD25+ T-regulatory cells [30].

While 1,25(0OH),D is capable of preventing
EAE in either male or female mice, even at high
doses, vitamin D3 supplementation was only pro-
tective in female mice (in a 17-B-estradiol-
dependent manner) [31, 32]. A sex-specific effect
of vitamin D has not been observed in key epide-
miological studies, however, as discussed below.
In North America it is well documented that liv-
ing below an approximate latitude equivalent to
Atlanta, Georgia, for the first 10 years of life
reduces risk of developing MS substantially,
regardless of where the person locates after this
time, suggesting that sun exposure possibly
through the action of vitamin D has some benefit
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[5]. UVB exposure also appears to inhibit the
development of EAE [33], although it remains
unclear whether vitamin D or other effects of
UVB on immune function mediate this observa-
tion [34, 35]. In addition, neither UVB nor
25(OH)D appear capable of altering the course of
EAE after the development of initial symptoms,
while 1,25(0OH),D is capable of exerting immu-
nomodulatory effects even after EAE onset [36].

One pilot study including 40 patients with MS
randomized to 800 or 10,400 IU daily vitamin D3
noted pleotropic immunomodulatory effects of
high-dose supplementation [37]. High-dose vita-
min D3 reduced the proportion of IL-17-
producing CD4+ T-cells, and reductions in IL-17
production correlated with increases in serum
25(0OH)D levels. CD4+IL-17+ T-cells (Thl7)
have been implicated in the immune pathogene-
sis of EAE and MS and IL-17 gene expression is
increased in MS lesions [38]. The study also
noted a reduction in the proportion of effector
memory CD4+ T-cells and an increase in central
memory CD4+ cells and naive CD4+ T-cells in
the high-dose group. No differences were noted
in the serum levels of 51 other cytokines evalu-
ated in the study.

Measuring Vitamin D Status

The renal production of 1,25(OH),D is tightly
regulated and has a relatively short half-life (4 h),
while 25(OH)D has a longer half-life (20—
60 days) [39, 40]. As an integrated measure of
vitamin D produced by solar UVB exposure,
dietary intake, and release from adipose tissues,
serum levels of 25(OH)D are the best indicator of
an individual’s overall vitamin D status [41]. The
1,25(0OH),D levels in circulation are 1000 times
lower than 25(OH)D levels, and they are often
normal or elevated in patients with vitamin D
deficiency because of the renal production of this
hormone in response to increasing blood levels of
parathyroid hormone. Thus the measurement of
1,25(0OH),D is of no value in determining a per-
son’s vitamin D status but is helpful in the dif-
ferential diagnosis of acquired and inherited
disorders in calcium, phosphate, and bone metab-

olism [7]. It should also be noted that extrarenal
production is not tightly regulated. This is the
reason why patients with granulomatous disor-
ders developed hypercalciuria and hypercalcemia
due to the unregulated production of 1,25(OH)D
by activated macrophages and its release into the
circulation [7]. The 25(OH)D serum levels are
reported in ng/mL or nmol/L with 1 ng/mL equal
to 0.4006 nmol/L.

Vitamin D Deficiency
and Insufficiency

Nutritional rickets associated with vitamin D
deficiency was widespread from the industrial
age until the mid-twentieth century. Age of onset
determines clinical manifestations but generally
includes short stature, bone pain, bowing defor-
mities of the legs and widening of the joints
(epiphyseal plates), and severe proximal muscle
weakness. In the 1920s, the value of cod liver oil,
which contains adequate levels of vitamin D3,
was recognized. At the same time, it was demon-
strated that sun exposure could cure rickets, and
initially the precursor of vitamin D2 was added to
milk and then exposed to ultraviolet radiation,
which imparted antirachitic activity. In the 1930s
when vitamin D was commercially produced,
this process was eliminated and vitamin D2 was
added directly to the milk [5]. As a consequence,
nutritional rickets was virtually eliminated in the
United States by the 1940s. The importance of
vitamin D in bone health and calcium homeosta-
sis is now well-recognized and has been recently
reviewed [42].

In 2011, the Institute of Medicine released
guidelines for the general population which rec-
ommended a dietary vitamin D intake of 600 U/
day for those aged 1-70, and 800 IU/day for
those >70 years old, corresponding to serum lev-
els of 25(OH)D of 16 ng/mL [43]. The report did
not recommend that all individuals attempt to
achieve levels of 20 ng/mL or higher; rather it
emphasized that most (97.5%) individuals’ nutri-
tional needs would be met at serum levels of
25(OH)D <20 ng/mL. However, the Endocrine
Society whose guidelines were for the treatment
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and prevention of vitamin D deficiency in chil-
dren and adults defined deficiency as <20 ng/mL,
insufficiency as 21-29 ng/mL, and sufficiency as
>30 ng/mL for maximum musculoskeletal health
[44]. The definitions proposed by these two
groups have been debated in the literature and
will not be explored in detail herein [45-47].

Vitamin D Status and Risk
of Developing MS

Several key observations form the foundation for
the hypothesis that hypovitaminosis D is an MS
risk factor [48]. First, the prevalence of MS has
been observed to increase with greater distance
from the equator, which is strongly inversely cor-
related with duration and intensity of UVB expo-
sure and 25(OH)D levels [5, 49-53]. Second,
populations at high latitudes but with higher con-
sumption of vitamin D-rich fatty fish have a
lower than expected prevalence of MS [49, 52].
And third, the risk of MS appears to decrease
with early migration from higher to lower lati-
tudes [54, 55]. The final observation appears to
have decreased in recent decades, possibly related
to increasing tendency to avoid sun exposure and
stay indoors for greater portions of the day even
in warmer climates [56]. MS risk varies by lati-
tude. Vitamin D status is inversely related to lati-
tude [5], but other potentially involved factors
also have a latitudinal gradient. For example,
Epstein-Barr virus prevalence shows a direct lati-
tude gradient, whereas parasite infections show
an inverse relationship. How each of these factors
contribute to overall risk of MS requires further
characterization.

Serum Levels of 25-Hydroxyvitamin D

If hypovitaminosis D has an effect on MS risk,
we should observe MS incidence to increase with
lower serum levels of 25(OH)D. Longitudinal
studies examining 250H(D) levels before the
onset of MS are crucial because it is well estab-
lished that serum 25(OH)D levels decrease after
the onset of MS [57, 58]. Studies that only look at

vitamin D status after the development of MS
leave open the potential for reverse causation as a
confounder.

Although controversial [59], the risk of MS
appears to be higher for individuals born in the
spring (serum vitamin D status are lowest over
the winter and early spring) than autumn, an
observation that is most prominent in high-risk
areas (higher latitude/less sunlight) and does not
hold true in areas with higher sunlight exposure
[60, 61]. Higher milk intake, dietary vitamin D
consumption, and maternal predicted 25(OH)D
were all associated with a decreased risk of MS
in children of mothers from the Nurses Mother’s
Study, a prospective, longitudinal cohort study
[62]. This suggests that maternal hypovitamino-
sis D during pregnancy may contribute to risk in
the offspring. Further corroborating these results,
a prospective, nested case-control study evalu-
ated whether maternal serum 25(OH)D levels in
early pregnancy are associated with MS risk in
offspring [63]. The authors found that offspring
of mothers with serum 25(OH)D <12 ng/mL dur-
ing early pregnancy had a nearly twofold
increased risk of MS compared to offspring from
mothers with normal 25(OH)D levels. Another
study found that low concentrations of neonatal
25(0OH)D were associated with an increased risk
of MS, with the greatest risk in the lowest quin-
tile (<8.3 ng/mL) and lowest in the highest quin-
tile (>19.6 ng/mL) suggesting a dose-response
effect [64]. Taken together these studies suggest
that low levels of vitamin D in utero and in neo-
nates may increase the risk of MS.

Hypovitaminosis D also appears to increase
risk of MS in adulthood. A prospective, nested
case-control study of US military personnel
found that high levels of serum vitamin D were
associated with a decreased risk of MS [57]. A
nested case-control study from another group
including individuals in northern Sweden noted
similar decreased risk of MS with higher vitamin
D levels [65]. Munger and colleagues recently
reported the results of a nested case-control study
of 1092 women diagnosed with MS in the Finnish
maternity cohort [66]. 25(OH)D was quantified
in serum obtained prior to MS diagnosis, and
subjects were matched with up to three controls



202

M. J. Bradshaw et al.

on date of birth and area of residence. Conditional
logistic regression adjusted for year of sample
collection, gravidity, and parity were used to esti-
mate relative risks and 95% confidence intervals.
They found that women with 25(OH)D levels
<12 ng/mL had a 43% higher risk of MS com-
pared to those with levels >20 ng/mL.

Genetic Studies

Several recent studies have utilized Mendelian
randomization to estimate the effect of vitamin D
on the risk of MS. This is a method that uses
measured variation in genes with known function
to estimate the association of modifiable expo-
sures in the risk of disease. Studies using this
approach reduce the chance of reverse causation
because inherited alleles are not affected by most
confounding variables or disease status. In one
study, genome-wide data of genetic variants
shown to predict levels of serum 25(OH)D were
applied to the International MS Genetics
Consortium [67]. The authors found that alleles
known to decrease levels of serum 25(OH)D pre-
dicted an increased susceptibility to MS. Another
study found similar results in two separate popu-
lations, including white, non-Hispanic Americans
and members of a Swedish population study [68].
A study of patients with pediatric-onset MS
found independent effects of low vitamin D and
high BMI [69]. These data further support the
hypothesis that low levels of vitamin D exert
independent causal effects on MS.

There are, however, a few studies with dis-
crepant results worth considering. A population-
based, multicenter, case-control study in Sweden
investigated the link between vitamin D status at
birth and the risk of MS using stored neonatal
dried blood [70]. This study included 459 per-
sons with MS and 663 controls and found no
association between neonatal serum 25(OH)D
quintiles and the risk of MS. Results were not
appreciably different when adjusted for con-
founding factors such as month of birth, latitude
of birth, breastfeeding or adult sun exposure,
vitamin D intake, smoking, etc. The results of
this study were viewed critically on several

grounds, including that blood samples were not
well preserved with degradation of 25(OH)D
noted in the study. Additionally, the range of
25(OH)D levels was narrow and mostly low
(mean 11.9 ng/mL, median 10.3, interquartile
range 6.8—-15.4 ng/mL) [71].

Vitamin D Status MS Disease
Activity

Several studies have shown a correlation
between relapse rates and vitamin D status.
Although these are confounded by the possibil-
ity of reverse causation, they lend support to the
possible role of vitamin D supplementation in
MS. A retrospective study of pediatric patients
with MS, after adjusting for several factors
including age, race, ethnicity, disease duration,
and treatment, found that every 10 ng/mL
increase in 25(0OH)D levels was associated with
a 34% decrease in relapse rate [72]. Similar
results were seen in adult-onset MS, where one
study observed relapse rate to decrease by 27%
for every doubling of 25(OH)D levels [73], and
another noted that every increase in 25(OH)D
by 4 ng/mL was associated with up to 12%
reduction in relapse rate [74].

A 5-year longitudinal cohort study did not find
a statistically significant correlation between
vitamin D status and relapse rate in patients with
relapsing-remitting multiple sclerosis (RRMS) or
clinically isolated syndrome (CIS), but did
observe a 15% lower risk of new T2 lesions and a
32% lower risk of new enhancing lesions on MRI
for every 10 ng/mL increase in 25(OH)D [75]. A
follow-up study found a tendency for an inverse
relationship between average 25(OH)D levels
and the composite endpoint of >3 new brain T2
lesions or >1 relapse within a year in patients
with CIS [76]. A retrospective study of 100
patients with CIS from another group found that
lower levels of serum 25(OH)D were associated
with an increased risk of conversion to clinically
definite MS, an association that was even stron-
ger when controlling for additional risk factors
for conversion [77]. Multiple studies have also
correlated lower vitamin D status with greater



10 Vitamin D and Multiple Sclerosis

203

disability and disease severity, although reverse
causation remains a concern in such studies.

Two MS treatment trials examined 25(OH)D
levels and risk of MS progression. A possible
advantage to these studies is that clinical out-
comes such as relapses and MRI activity were
more systematically ascertained than in observa-
tional cohorts. The BENEFIT (Betaferon/
Betaseron in Newly Emerging Multiple Sclerosis
For Initial Treatment) study was a randomized
trial designed to evaluate the effect of early vs.
delayed treatment with interferon beta-1b
(IFNB-1b) in patients with CIS. As part of the
study, serum 25(OH)D levels were tested at 0, 6,
12, and 24 months from randomization. Ascherio
and colleagues analyzed the relationship between
serum 25(OH)D levels and MS activity/progres-
sion using clinical and radiological data [78].
Low 25(OH)D levels were found to be a strong
risk factor for long-term MS activity and progres-
sion with increased hazard of conversion to clini-
cally definite MS (by radiologic or clinical
criteria), higher rate of new lesion formation on
MRI, higher rate of clinical relapses, and higher
rate of brain atrophy on MRI with lower levels of
25(0OH)D.

The BEYOND (Betaferon/Betaseron Efficacy
Yielding Outcomes of a New Dose) study
included measurements of 25(OH)D every 6
months, and a post hoc analysis of the data dem-
onstrated that higher levels of 25(OH)D were
associated with lower rates of MS activity on
MRI; however, there was no significant associa-
tion between serum 25(OH)D levels and rate of
brain atrophy or clinical outcomes [79]. The
association between 25(OH)D and MS activity
was stronger in the early treatment (with
IFNB-1b) group than in the delayed treatment
group, suggesting that there may be an additive
effect of IFNB-1b with vitamin D.

The aforementioned studies demonstrating
that individuals with higher vitamin D levels
experienced more MS disease control with
IFNB-1b led to further exploration of possible
immunomodulatory mechanisms [80]. Enhanced
regulation of genes involved in immunomodula-
tion was advanced as a possible explanation [81].
Lending support to this finding, an independent

team of investigators observed a greater produc-
tion of vitamin D from sunlight in patients treated
with IFNB [81]. In that study, every 10 ng/mL
increase in 25(OH)D was associated with a 10%
decrease in relapse rates, and interestingly IFNB
was only protective against relapse in patients
with higher levels of 25(OH)D. Patients with
inadequate levels were at increased risk of
relapse, despite IFNB treatment. However,
another prospective cohort study of 88 patients
with RRMS in Norway found that pre-IFN treat-
ment, higher levels of 25(OH)D were associated
with less radiologic disease activity, but this
effect was no longer detected after IFNB treat-
ment [82]. No associations were noted for
relapses or EDSS progression.

The relationship between vitamin D status and
other disease-modifying therapies was explored
in the CLIMB (Comprehensive Longitudinal
Investigation of Multiple Sclerosis at Brigham
and Women’s Hospital) study, a prospective
cohort study that began enrolling patients in 2000
[83]. Rotstein and colleagues investigated the
effect of vitamin D status on clinical and MRI
outcomes in patients treated with IFN (n = 96),
glatiramer acetate (GA) (n = 151), or fingolimod
(n = 77) [84]. Serum 25(OH)D Ilevels were
adjusted for season and patients were divided
into subgroups based on 25(OH)D tertile. The
primary endpoint was time to first inflammatory
event, defined as either clinical relapse or
gadolinium-enhancing lesion on MRI. The
authors found that higher 25(OH)D levels were
associated with longer time to the combined end-
point for patients on IFN or fingolimod, but not
glatiramer. There was a significant association
with gadolinium-enhancing lesions in both the
IFN and GA groups, although the effect was
greater for the IFN group, but no significant asso-
ciation with relapses was seen in either group. In
the fingolimod group, there was a significant
association for the combined endpoint and
relapses, but not for gadolinium-enhancing
lesions. These results suggest that patients with
robust vitamin D status might experience a
greater benefit from this with some disease-
modifying therapies than others. It makes sense
in theory that some medications may duplicate
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many of vitamin D’s effects and show less benefit
when combined, while others might work pri-
marily on separate pathways with an additive
effect. Further research is necessary to better
understand the interactions between MS drugs
and vitamin D.

Vitamin D Supplementation

Vitamin D Supplementation
as a Means to Preventing MS
Development

Prospective non-randomized studies investigat-
ing whether vitamin D supplementation may
lower the risk of developing MS are limited and
have been conflicting. One study that included
two large cohorts of women (the Nurses’ Health
Study with 92,253 women followed from 1980
to 2000 and Nurses’ Health Study II with 95,310
women followed from 1991 to 2001) found a
decreased pooled, age-adjusted relative risk of
MS for subjects in the highest quintile of total
vitamin D intake compared to the lowest quintile
(RR = 0.67) [85]. The same study noted a
reduced relative risk with vitamin D intake
through supplements. Women who took
>400 IU/day had a relative risk of 0.59 com-
pared to those who did not take supplementa-
tion; however, no association was observed
between MS incidence and vitamin D intake
from food sources. Another study using the data
from both the Nurses’ Health Study and Nurses’
Health Study II study examined the association
of vitamin D intake specifically during adoles-
cence with risk of MS and found no significant
effect associated with vitamin D intake, includ-
ing through supplementation [85, 86]. However,
there was a non-statistically significant trend
toward decreased risk of MS with supplementa-
tion >400 IU/day. Some have advocated for a
more proactive approach consisting of vitamin D
supplementation in hopes of preventing MS, at
least for individuals at high risk including smok-
ers, the obese, and those with a family history of
MS [87].

Vitamin D Supplementation
as a Means to Decreasing MS Disease
Severity

Studies investigating the role of vitamin D sup-
plementation in MS are conflicting and no con-
sensus has been reached regarding the use of
vitamin D. A systematic review of randomized,
controlled trials published in 2013 noted prob-
lems with small sample sizes (23—-68 patients),
heterogeneity in dosing, form of vitamin D
(cholecalciferol vs. ergocalciferol), and out-
come clinical measures [88]. Four of the five tri-
als demonstrated no effect of vitamin D in MS,
while one showed a reduction of the number of
enhancing lesions only. The authors concluded
that the evidence for vitamin D supplementation
in MS is inconclusive and that larger studies are
warranted [88]. A meta-analysis also from 2013
was only able to include 129 high-dose vitamin
D-treated patients and 125 controls and found
no correlation between high-dose vitamin D
treatment and clinical relapses and similarly
concluded that the existing studies were meth-
odologically limited and further investigation
was warranted in the form of larger, more pro-
longed studies [89]. Below we comment on
some particular studies, attempting to offer
some perspective about trials that have been
conducted to date.

Two studies explored the effect of a 20,000 TU/
week (equivalent = approximately 3000 IU daily)
of vitamin D3 on clinical and MRI outcomes. A
1-year randomized controlled study including 66
patients with MS randomized patients to a weekly
dose of 20,000 IU vitamin D3 or placebo. Eighty-
four percent of patients in the treatment arm
achieved levels of 25(OH)D >34 ng/mL and had
fewer enhancing lesions on MRI. However the
study was not powered to assess clinical out-
comes. A 96-week trial originally designed to
assess the effects of high-dose vitamin D3 sup-
plementation on bone density in patients with
MS found that a weekly dose of 20,000 IU of
vitamin D3 was also not powered to assess clini-
cal outcomes, but did not appear to affect the
course of the disease [90].
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One study randomized patients with clinically
active RRMS to either a dose of 6000 or 1000 IU
ergocalciferol daily in patients with clinically
active RRMS [91]. The authors found no differ-
ence between groups in MRI-based outcome
measures. A higher exit EDSS and a higher pro-
portion of relapse were noted in the high-dose
arm. A few methodologic limitations are worth
mentioning, however. Only 23 patients were
enrolled initially and 3 patients withdrew from
the study. A patient in the high-dose group
included in the analysis had 38 enhancing lesions
at baseline, while all others had 2-5, and the low-
dose group was on average 5—10 years younger
than the high-dose group. Another study includ-
ing 50 patients randomized to 8000 IU vitamin
D3 or placebo daily found no effect on clinical or
MRI metrics [92]. Mosayebi and colleagues ran-
domized 62 patients to 300,000 IU (equiva-
lent = 10,000 IU daily) once monthly to either
vitamin D3 injection or placebo and no differ-
ence in clinical or radiological measures of dis-
ease activity, although lymphocyte proliferation
rates were lower in the treatment arm [93].

The SOLAR study, another randomized,
double-blind, placebo controlled phase 2 study
including patients who were on subcutaneous
IFNB-1a with 25(OH)D levels <60 ng/mL, did
not find significant differences in clinical out-
comes between groups, but was technically lim-
ited by poor recruitment [94, 95]. The study did
note differences in MRI findings. The study
included 229 patients who were randomized to
treatment with 14,000 IU/day cholecalciferol or
placebo. The primary endpoint was freedom
from disease activity as measured by relapses,
progression on EDSS, or new unique enhancing
or T2 lesions. Only available in abstract format,
the primary endpoint was changed due to delayed
recruitment, allowing for reductions in study size
and duration. Compared with placebo, vitamin D
supplementation did not affect freedom from dis-
ease activity, but did reduce the number of new
active lesions overall and new T1 hypointense
lesions in patients aged 18-30 years. Another
randomized, placebo-controlled phase 2 study
included 129 patients with MS on IFNB-1a who

were randomized to either 100,000 IU vitamin
D3 twice monthly (daily equivalent of 7143 IU)
or placebo noted no effect on clinical parameters,
but did observe a protective effect of vitamin D
on MRI parameters. The authors found no statis-
tically significant effect on clinical parameters in
the intention-to-treat analysis, but the study may
have been underpowered as a consequence of an
unexpectedly low relapse rate among the control
patients [96].

Ongoing Studies

Three ongoing studies are registered with www.
clinicaltrials.gov. The Efficacy of Vitamin D
Supplementation in Multiple Sclerosis (EVIDIMS)
study is a randomized, controlled, double-blind
stratified phase 2 clinical trial of patients with CIS
or MS on IFNB-1b in Germany [97]. Patients are
randomized to high-dose (average 10,200 IU
daily) or low-dose (average 200 IU daily) chole-
calciferol for 18 months. The primary outcome
measure is the number of new T2 lesions on brain
MRI. Secondary endpoints include other MRI and
OCT parameters, clinical metrics, and patient-
reported outcomes such as quality of life and
fatigue. Results are anticipated in 2018 or 2019.

Another ongoing study, the Vitamin D to
Ameliorate Multiple Sclerosis (VIDAMS) study,
is a randomized, controlled phase 3 study with a
target recruitment of 172 patients with MS in the
United States [98]. Patients will be randomized
to high-dose (5000 IU daily) or low-dose (600 TU
daily) vitamin D3 as add-on therapy to glatiramer
acetate. The primary outcome is proportion of
patients experiencing a relapse, and secondary
outcomes include additional clinical and radio-
logical metrics. The study will terminate in 2018.
Finally, an actively recruiting, double-blind, ran-
domized, controlled trial including 100 patients
with MS will randomize patients to 1000 or
4000 IU vitamin D3 daily for 4 months. The pri-
mary outcome is the change in 25(OH)D levels,
with goals including improving the understand-
ing of immunomodulatory effects of vitamin D
in vivo.
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Translating Data into Clinical
Practice

Offering Vitamin D Supplementation
to Patients

Although substantial evidence has demonstrated
the safety and tolerability of even relatively high
doses of vitamin D, the absence of definitive data
from large randomized controlled trials has lim-
ited the application of vitamin D supplementa-
tion for patients with MS. Similarly, the role of
vitamin D supplementation for the prevention of
MS in the general public, as well as for higher-
risk individuals, such as family members of per-
sons with MS, remains incompletely defined.

It is unclear whether D2 or D3 might perform
better as a supplement or if they are equivalent.
In a meta-analysis of seven randomized trials
evaluating serum 25(OH)D concentrations in
patients requiring supplementation with D2 vs.
D3, D3 increased serum 25(OH)D more effi-
ciently than D2 [99]. This result should be inter-
preted cautiously given different dosing
frequencies, doses, and time periods used in this

study. It is also unclear how this might apply to
patients considered to be at a normal level who
are supplemented to further increase their serum
vitamin D 250H [99].

Despite the limitations in our current under-
standing of whether vitamin D supplementation
might alter MS disease course, we routinely eval-
uate the vitamin D status of patients with radio-
logically isolated syndrome (RIS), CIS, and MS
and provide supplementation to target a level of
40-70 ng/mL with oral cholecalciferol, if neces-
sary (Fig. 10.2). We choose 40 ng/mL as the lower
bound based on an increased risk of disease devel-
opment observed in the military nested case-con-
trol cohort [57] and worsening of MS observed in
the post hoc analysis of the BENEFIT trial [78] in
individuals with levels <40 ng/mL. We recheck
serum levels 3—6 months after making any adjust-
ments to supplementation, and once serum levels
have been relatively stable on a consistent regi-
men, we check levels every 6—12 months for mon-
itoring. Patients with a BMI >30 require 2-3
times more vitamin D to satisfy their requirements
[100]. Similarly, those who are treated chronically
with steroids or who have gut absorption prob-

Patient with RIS, CIS, MS or a
first degree relative

'

Serum 25(OH)D levels

{ i g i

<20 ng/mL 20-35 ng/mL 35-40 ng/mL 40-70 ng/mL 70-80 ng/mL 80-90 ng/mL >90 ng/mL
50,000 IU Continue
ag:tlsy iﬁ;?} Increase by Increase by rg;{;?:; Decrease by Decrease by Discontinue
3000 1U daily 3000 IU daily 1000 IU daily recheck in 6 1000 U daily 2000 IU daily cholecalciferol
thereafter months
[ | | | J l
¥

Re-check serum
25(0OH)D levels after 3
months

Recheck levels in
3 months; reduce
prior vitamin D

supplementation

Adjust cholecalciferol dosage as

needed. Once levels have been

relatively stable for 6-9 months,
monitor twice per year

Fig. 10.2 Suggested daily vitamin D3 supplementation based on serum levels of 25(OH)D. CIS clinically isolated
syndrome, /U international units, MS multiple sclerosis, RIS radiologically isolated syndrome
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lems or are treated with antiepileptic medications
such as phenytoin or phenobarbital may require
higher supplemental doses [101].

Offering Vitamin D to Those at Risk
for MS

The evidence supporting a preventative effect of
vitamin D is more compelling than the evidence
suggesting a therapeutic effect. In addition to
correcting low levels of 25(OH)D for patients
with RIS, CIS, or MS, we generally recommend
that first-degree relatives of persons with MS
have their vitamin D status evaluated and cor-
rected with oral supplementation if needed [87].

Safety and Toxicity

When considering supplementation, an under-
standing of the safety profile of vitamin D and
signs of intoxication are important. A double-blind,
randomized pilot study demonstrated the safety
and tolerability of high-dose vitamin D in MS
patients over a 6-month study period [37]. The
authors randomized 40 study participants to receive
supplemental cholecalciferol at doses of 10,400 U
daily and 800 IU daily for 6 months. Adverse
events were minor and did not differ between treat-
ment groups. Three patients (one in the low-dose
and two in the high-dose group) developed nausea
that resolved after discontinuing supplementation.
Baseline serum 25(OH)D levels did not differ
between treatment groups, but increased to a
greater extent in the high-dose than the low-dose
group: the mean change from baseline was 34.9 ng/
mL in the high-dose and 6.9 ng/mL in the low-dose
group. One patient in the high-dose group was
found to have a serum calcium level of 10.6 mg/dL
(reference range 8.4—10.5 mg/dL; the participant’s
baseline level was 10.0 mg/dL) with a normal urine
calcium. That participant completed the study, and
at the 6-month follow-up, after stopping
supplementation, the serum calcium level had nor-
malized. Dosing frequency was reduced to every
other day in one patient from each treatment group
for elevated urine calcium/creatinine ratio.

An open-label, phase I/II dose-escalation trial
of vitamin D found that high-dose vitamin D did
not significantly increase serum calcium levels
compared to patients not on high doses. Patients
with MS were matched for demographics and
disease characteristics and randomized to control
or treatment with vitamin D [102]. Treatment
arm patients were given escalating doses up to
40,000 IU daily. The study was not statistically
precise enough nor designed to assess clinical
outcomes, but did provide class II evidence that
high-dose vitamin D given to patients with MS
for 52 weeks does not significantly increase
serum calcium levels compared to patients not on
high-dose supplementation.

Toxicity from vitamin D is most often related
to hypercalcemia, and associated serum 25(OH)
D levels are typically well above 150 ng/mL in
these patients [44]. Doses above 10,000 IU daily
are generally required to achieve these levels
[103]. A study in Canada reported that healthy
adults taking as much as 20,000 [Us of vitamin D
per day maintain blood levels of 25(OH)D in the
range of 60-80 ng/mL without any evidence of
toxicity [104]. The effects of long-term relatively
high-dose vitamin D have not been well studied,
however. A few reports suggest a correlation
between serum levels of 25(OH)D >60 ng/mL
and increased risks of any-cause mortality, pan-
creatic cancer, and vascular calcification, but one
cannot assess cause and effect given the observa-
tional nature of these studies [105-107].

Vitamin D intoxication clinically manifests
with confusion, polyuria, polydipsia, anorexia,
emesis, and muscle weakness related to hypercal-
cemia. Hyperphosphatemia also occurs due to the
suppression of PTH, and increased intestinal
absorption of dietary phosphate and chronic vita-
min D intoxication can cause nephrocalcinosis,
vascular calcification, and bone demineraliza-
tion. A recent systematic review and meta-
analysis did not find an increased risk of
cardiovascular events with vitamin D supplemen-
tation, and a Cochrane database review found a
decreased risk of death in the elderly with vitamin
D3 (but not vitamin D2 supplementation) [108,
109]. The level at which hypercalcemia occurs is
undefined, but many experts define intoxication
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as serum levels of 25(OH)D; >150 ng/mL [7,
44]. Our practice is to monitor serum 25(OH)D
levels every 6 months while adjusting vitamin D3
supplementation and annually for patients with
stable levels. Adjustments can be made based on
the patient’s serum 25(OH)D levels according to
Fig. 10.2.

Conclusion

Vitamin D has pleotropic effects, some of which
are beneficial to the immune system. It is our
view that there is good evidence that in utero and
beyond low vitamin D status predispose to the
development of multiple sclerosis. It is also likely
that MS patients with low 25(OH)D levels are at
greater risk of MS disease activity. The data sup-
porting the role vitamin D in the treatment of MS
are not as compelling as those in the prevention
of MS, but better prospective studies are needed.
The trials to date are limited by methodological
issues such as their small size and short duration,
but the association between 25(OH)D levels and
MS activity is stronger for MRI than for clinical
outcomes. This may be related to higher sensitiv-
ity of MRI to disease activity than clinical met-
rics. In practice we recommend vitamin D
supplementation to our MS patients and first-
degree relatives employing the rationale that in
our geographic area, oftentimes 25(OH)D levels
are low and that it is unlikely to cause harm if
moderate doses are used. Clinical trials are cur-
rently underway to more directly address the role
of vitamin D supplementation in MS, yet further
investigations are needed. As most studies have
included primarily older Caucasians, it is impor-
tant to evaluate the role of vitamin D in younger
persons of non-Caucasian ethnicity.
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