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REVIEWS
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ABSTRACT
Multiple Sclerosis is a neurological disorder consisting in autoimmune and infl ammatory manifestations. Its evolu-
tion is characterized by axonal demyelination among the central nervous system. 
A growing body of evidence suggests lately that vitamin D defi ciency is a very common condition in Multiple Scle-
rosis. On the other hand, during the last years, several studies have shown a correlation between high vitamin D 
serum levels and a decreased risk either for developing this illness, or preventing its evolution towards disability. 
Vitamin D is currently being considered an important environmental factor for this disease, therefore being widely 
debated whether its supplementation would actually be benefi c, and if yes, what results can be expected in such 
a therapeutic approach.
Our brief look upon some of the latest results in the fi eld of research for this matter is intended to synthesize what 
is known at this moment and what future directions would be. 
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INTRODUCTION

Multiple Sclerosis (MS) is one of the most fre-
quent demyelinating pathologies of the central ner-
vous system (CNS), most often affecting young 
adults, causing disability by accumulation of defi -
cits throughout manifestations referred to as 
“attacks” or “relapses”. 

The infl ammatory component of MS targets the 
brain and the spinal cord, many genetic associa-
tions being investigated nowadays, as well as the 
possibility of slowing down the progression of the 
disease, especially by preventing the relapses.

In this context, the relationship between the 
sources of vitamin D (such as diet or sun light ex-
posure) and the risk for MS is currently intensively 
debated. 

Vitamin D is not only important for bone me-
tabolism, but it is also responsible for immune reg-
ulation in T helper and dendritic cells. The implica-

tions of vitamin D in neuro-infl ammation, 
associated with the defi ciency rate in MS patients, 
makes vitamin D supplementation, a therapeutic 
strategy worth to be considered. There are several 
results at this moment that refl ect both a decrease of 
the infl ammatory process, and the attenuation of 
disability progression. (1)

From environmental aspects of vitamin D defi -
cit, to several studies on animal correspondent de-
myelinating pathology regarding vitamin D effects, 
and also taking into consideration the immune and 
genetic approaches, it becomes more obvious that 
vitamin D is starting to play an important role in 
MS management.

ENVIRONMENTAL ASPECTS 

During the last years, the possible role of vita-
min D as a modifi able environmental factor in the 
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prevention or/and treatment of MS emerges as a 
promising therapeutic approach. (2)

Alimentation in specifi c areas where fi sh oil, a 
rich cholecalciferol source, is frequently consumed 
is known to lower the risk for MS exacerbations. (3) 

The geographical distribution of MS, increasing 
with latitude in the both hemispheres, is a starting 
point to considering the link between the disease’s 
prevalence and latitude. Thus, an etiology for a low 
level of vitamin D production in the organism has 
been considered to be the decreased quantum of ul-
traviolet light, with direct negative effect among 
immunomodulatory functions. (4)

Ultraviolet radiation, as involved in insuffi cient 
sun exposure resulting in low levels of vitamin D, 
affects the MS risk independently of the human 
leukocyte antigen HLA-DRB1*15 status, as men-
tioned in a population-based case-control study 
from Sweden (Bäärnhielm et al, 2012). The study 
involved 1013 cases of MS and 1194 controls, in-
vestigated by sun exposure habits, vitamin D level 
and HLA genotype, the associations between these 
conditions being performed by logistic regression 
(odds ratio, 95% confi dence intervals). The risk 
was increased in subjects with less sun exposure 
and also high for patients with 1,25-dihydroxyvita-
min D [1,25-(OH)(2)D] level lower than 50 nM/I. 
The correlation between sun light exposure and MS 
risk persisted even after an adjustment to the vita-
min D status. (5)

A multicenter incidental case-control study, 
from Australia, suggests the independent role of 
sun exposure and vitamin D status in the risk of 
CNS demyelination (Lucas et al, 2011). 216 MS 
patients and 395 controls, from 4 Australian cen-
ters, were investigated in terms of sun exposure, 
high actinic skin damage and vitamin D serum lev-
el, suggesting that high levels of various moments’ 
sun exposure are linked to a reduced risk for demy-
elinating events whereas a high serum vitamin D 
status is independently associated with a lower risk. 
(6)

Another population case-control study, this time 
in Tasmania (latitude 41-43 degrees S), attempting 
to determine a link between the 25-hydroxyvitamin 
D [25(OH)D] status and MS, has been conducted 
on 136 MS cases, suggesting a high association be-
tween low 25(OH)D levels, reduced sun exposure 
and high disability (Expanded Disability Status 
Scale - EDSS above 3) (van der Mei et al, 2007). 
The authors suggest that determination of vitamin D 
degree of insuffi ciency might be benefi c in MS pa-
tients, as therapeutically restoration of these levels 

can be integrated in the clinical management of MS 
preventing disability. (7)

Attempts to understand the pathogenesis of sex 
differences in the risk for MS, as well as the link to 
environmental factors with implications in this dis-
ease have been made by proving the lower inci-
dence of MS and related disabilities in women with 
high circulation levels of 25(OH)D (Kragt et al, 
2009). For this, measurements of serum concentra-
tions of 25(OH)D and (1,25(OH)(2)D) were per-
formed, both in winter and summer, on 103 MS 
patients and 110 healthy controls. As expected, the 
serum concentrations were higher during summer 
determinations, surprisingly in the women group a 
protective effect of higher 25(OH)D levels being 
observed. (8)

MONTH OF BIRTH EFFECT

We discussed above about the geographical dis-
tribution of MS as an environmental factor, depen-
dent on latitude. We will next refer about a theory 
that was more and more debated over the last de-
cade. 

A month on birth effect refers to the risk of de-
veloping MS that seems to be increased for chil-
dren born in spring and early summer (April, May 
and June) compared to the ones born in winter. This 
affi rmation is valid especially for the northern 
hemisphere, and suggests that sun exposure of the 
pregnant woman during summer and early autumn 
is protective. On the other hand, a pregnancy that 
goes on during late autumn and dark and cold win-
ter months carries a higher risk. In the both season-
related examples, the end of the second or the third 
trimester is the important time point referred to. 
(9,10,11)

The month of birth effect has been studied in 
especially in northern countries such as Sweden, 
Norway or Canada.

A population based study including results from 
over 42,000 patients with MS in high prevalent 
countries: Canada, Great Britain, Denmark and 
Sweden revealed that being born in May represents 
a higher risk for MS than being born in November. 
(Willer et al, 2005) According to the results, 9.1% 
patients were born in May, compared to 8.5% in 
November. Odds ratio was also compared for May 
increased risk versus November, the highest being 
found in Scotland, Denmark and Canada. Altogeth-
er, MS patients from the northern hemisphere pos-
sessed a 13% higher risk if born in May compared 
to November. (9)
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There are also other populations the authors re-
fer to, such as the Danish, where it is suggested that 
more MS patients seem to be born in March, April, 
May and June; as well another Swedish set of re-
sults suggesting March, May and even July. (9)

Also, another study from Norway (6,649 pa-
tients) reveals a higher MS risk in April (10), and 
another Swedish one, based on 9361 cases from the 
Swedish MS Registry, suggests an association be-
tween the risk for MS and the season of birth, refer-
ring to the period February-July in comparison to 
August-January. (11)

The moment of birth may be important in MS as 
there might be an interaction with the development 
of the central nervous system and the immune sys-
tem. There is also possible that an association with 
latitude in early life is present, as it was observed in 
migrants from different risk regions. (9)

VITAMIN D AND EXPERIMENTAL 
AUTOIMMUNE ENCEPHALOMYELITIS

There are quite numerous reports throughout the 
last decade, suggesting studies on mice with exper-
imental autoimmune encephalomyelitis (EAE), an 
animal correspondent for MS in humans, showing 
the involvement of vitamin D in inhibiting the pro-
gression of the disease. (12)

Several studies in EAE mice suggest a reduction 
of the severity of the disease after vitamin D ad-
ministration, on the other hand, a lower vitamin D 
level means a risk for subsequent relapse. (13)

The over-representation of vitamin D receptor 
gene b allele in Japanese MS patients suggests the 
susceptibility for the disease. In experiments on 
mice with EAE, 1,25-(OH)(2)D3 inhibits both in-
duction and progression. In this particular case, in-
terleukin 4 and transforming growth factor beta-1 
synthesis was stimulated, and also infl uenced in-
fl ammatory cell traffi cking and apoptosis. (3)

Natural immunoregulatory and anti-infl amma-
tory functions have been also explored as a possi-
bility of infl uencing MS through paracrine or auto-
crine cellular metabolism of 25(OH)D in peripheral 
tissues, with implications in both neural and im-
mune functions in mice (Van Amerongen et al, 
2004). Therefore, administration of 1,25-(OH)(2)D 
in mice with experimental allergic encephalomyeli-
tis showed both prevention and reduction of dis-
ease activity, suggesting a possible benefi t for 
25(OH)D therapeutically adjustments in MS pa-
tients, aiming suppression of disease activity and 
preventing long term complications, with second-

ary benefi t among fractures or muscle weakness. 
(14)

ASSESSING IMMUNE RESPONSES AND 
GENETIC PERSPECTIVES

Beside the latitudinal prevalence of MS, vitamin 
D-related genes might also be related to MS sus-
ceptibility, as well as the month of birth effect. 
(4,15)

It is known that Imunoglobulin-like transcript 
ILT3 and ILT4 are inhibitory receptors that are im-
portant in modulating immune responses and that 
several reports suggest that their expression might 
be affected by interferon. Waschbisch et al investi-
gated the expression of ILT3 and ILT4 on immune 
cells from MS patients as well as in post-mortem 
brain tissue, and also the inducing of in vitro up-
regulation of these receptors by interferon beta 
alone or combined with vitamin D. Some of the 
main conclusions of this study were that ILT3 lev-
els were found to be increased in demyelinating le-
sions in the postmortem brain, expression on mono-
cytes of both ILT3 and ILT4 in the cerebrospinal 
fl uid is higher than in peripheral blood, thus ILT3 
and ILT4 show important involvement in immune 
response modulation in MS, infl uenced by inter-
feron and vitamin D. (16)

Unbalanced 25(OH)D gene expression is likely 
to affect MS activity, as in another recent study, the 
number of gadolinium-enhancing lesions seems to 
be associated with 25(OH)D levels (Munger et al, 
2014). By investigating the serum level of 25(OH)D 
and global gene expression profi les of patients star-
ing interferon beta – 1b after clinically isolated 
syndrome (with MRI assessment), the authors con-
cluded that 25(OH)D is responsible for regulating 
immune modulatory processes in MS activity by 
gene-interaction network through vitamin D recep-
tor, therefore an increase of 25(OH)D levels has as 
a result a decrease in the illness’s activity (effects 
also enhanced by interferon beta1b). (17)

Genetic studies also suggest that there is a link 
between MS and vitamin D and therefore vitamin 
D3 supplementation has a protective role in this 
disease. The affi rmation is based on the fact that 
genotypes of rs2248359 locus are associated with 
an increased risk of MS by regulating expression of 
the CYP24A1 gene. This gene encodes the enzyme 
involved in the degradation of 1,25-dihydroxyvita-
min D3. (18)

Another recent study from Slovakia reveals data 
regarding the Fokl vitamin D receptor gene poly-
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morphism and its association with the risk of MS 
and disability progression in this disease. Cierny et 
al investigated 270 MS patients and 303 healthy 
controls with Fokl single nucleotide polymor-
phisms in the vitamin D receptor, by polymerise 
chain reaction (PCR), concluding on no signifi cant 
correlation between Fokl SNP and the progression 
of the disability, however, a slight association be-
tween VDR SNP Fokl and MS risk in women 
(p=0.042) remaining possible and to be demon-
strated in following studies. (19)

Vitamin D is involved in pathological pathways 
also involving neuromyelitis optica (NMO) or 
NMO spectrum disorder (NMOSD). A study that 
included 51 NMSOD patients (aquaporin 4-anti-
body positive) and 204 healthy controls, correlated 
25(OH)D3 levels with the EDSS, annulized relapse 
rate (ARR) and time of blood sampling relative to 
attack. 25(OH)D3 levels were found to be low in 
NMOSD patients, the only notable result being the 
inverse relation between the 25(OH)D3 levels and 
EDSS, thus the question whether a low vitamin D 
level is a risk for NMO (predisposal or aggravating 
the condition) or it might be secondary to the neu-
rological disability? (20)

VITAMIN D BINDING PROTEIN

As most of the circulating vitamin D metabo-
lites are bound to vitamin D binding protein (DBP), 
Smolders et co attempted to prove an eventual as-
sociation between DBP and MS comparing DBP 
concentrations of 29 RRMS patients and 30 con-
trols, afterwards trying to make correlations of the 
DBP with D25(OH)D and 1,25- (OH)(2)D levels, 
as well as the effect of vitamin D3 supplementation 
in RRMS patients. No correlation between DBP, 
MS and vitamin D level was observed; after sup-
plementation only 1,25(OH)(2)D correlated pas-
sively with DBP, possible relevant fi nding for vita-
min D metabolism. (21)

Another recent study, dealing with the involve-
ment of DBP in MS, included 28 MS patients and 
24 healthy controls in which DBP and albumin 
plasma levels were measured. (Rinaldi et co, 2015) 
The results of the study revealed that the MS pa-
tients posses higher DBP levels and that interferon 
beta therapy does not infl uence DBP concentration; 
also no correlation between albumin levels and 
DBP were observed. (22)

Also, DBP levels in the cerebrospinal fl uid can 
be predictive for the course of MS, as they seem to 
be lower during attacks and higher especially with-
in the secondary progressive phase. (23)

There is a possibility that high levels of DBP are 
not benefi c for recovery, an upregulated level of 
DBP being possible to represent a diagnostic mark-
er for the progression of MS. (24)

LOW VITAMIN D LEVELS – MS 
CORRELATIONS AND STRATEGIES

A low level of Vitamin D in plasma infl uences 
the degree of disability measured on the EDSS, be-
ing directly proportional with a higher level of 
handicap, as revealed by a recent retrospective co-
hort analysis that included 181 patients (Thouvenot 
et al, 2014). The vitamin D levels were higher in 
relapse-remitting MS than in the progressive forms, 
but still in the fi rst type of disease, a low level of 
vitamin D was associated with an EDSS below 4 
(patients with > 20 ng/ml vit.D). (25)

A study originated from India, a country with 
vitamin D defi ciency, suggests the presence of a 
lower level of 25 (OH)D in MS patients, compared 
to matched controls and also an obvious lower lev-
el of vitamin D in patients during attack than those 
in remission (p = 0.001). (Pandit, Ramagopalan, 
Malli et al, 2013) The study was based on the as-
sessment of the low level of 25(OH)D levels in 110 
MS patients, out of which 63 patients in relapse and 
77 in remission and 108 controls. (26)

Starting from the observation that in RRMS a 
low serum level is associated with a higher relapse 
risk, and that pregnant women also carry a risk for 
vitamin D defi cit, Runia et al investigated vitamin 
D levels and their clinical correlations in MS pa-
tients both during pregnancy and postpartum. The 
study included 43 pregnant MS patients and 21 
pregnant controls, investigated for 25(OH)D level 
at several moments before, during and after preg-
nancy period. A low level of 25(OH)D was not cor-
related to postpartum relapse, the compared values 
of the analysis between the two lots of patients be-
ing not very different, nevertheless, the higher se-
rum concentrations of vitamin D being generally 
associated to a better health state. Therefore, the 
authors conclude about non-necessarily supple-
mentation of vitamin D in pregnant MS patients, as 
the risk for relapse doesn’t seem to be increased 
postpartum. (27)

It is well known that sun exposure or diets rich 
in fi sh lower the risk for MS, fi sh oil being an ex-
cellent source for vitamin D, however, as a thera-
peutic approach for a benefi cial supplementation, 
diet may just not be enough. (3) Increased levels of 
vitamin D metabolits can be useful in MS treat-



ROMANIAN JOURNAL OF NEUROLOGY – VOLUME XIV, NO. 1, 201520

ments, especially for SPMS patients, but not only. 
(24)

Some proposed dosages for vitamin D adminis-
tration in MS patients are situated between the rec-
ommendations for 3000 International Units (IU) 
per day in order to achieve a serum level of 75-100 
nmol/L (30-40 ng/mL), followed by 500-800 IU 
per day to maintain these desired values that seem 
to be protective against relapses and the progres-
sion of the disease. (28)

The European Food Safety Authority recom-
mends vitamin D administration according to age, 
varying from 1000 IU/day (25 μg/day) in children 
under 1 year old, 2000 UI until the age of 10 
(50 μg/day), 4000 IU/day (100 μg) in young adults 
and adults, and also during pregnancy and lactation 
period. (29)

CONCLUSIONS

Both genetic and environmental factors remain 
incriminated in the susceptibility for MS, in north-
ern countries the risk for the disease being higher 
for those born in spring. (9)

Vitamin D defi ciency is considered to be a risk 
factor for MS, as low plasmatic levels of 25(OH)D 
have been associated with a higher risk for devel-
oping the disease and a much more severe clinical 
deterioration towards disability. Knowing these 
facts, an early vitamin D treatment might be be-

nefi c in infl uencing the progression of disability in 
MS, (22,25) as in studies on EAE it reduces the 
severity of symptoms and the progression of the 
disease. (13)

Apart from slowing down the disease’s progres-
sion, it is possible that the positive effect of vitamin 
D, consisting in the amelioration of the infl amma-
tory process, would be benefi c for both the relapses 
and by this, for the disease’s evolution. (1)  

Vitamin D acts as a powerful immunomodula-
tor, preventing proliferation of activated B cells 
and improving recovery (as also demonstrated on 
EAE). Therapeutic supplementation may also pre-
vent developing MS as well as its role as adjuvant 
to more specifi c therapies already available. (3,30) 

A higher circulating level of 25(OH)D also 
seems to be linked to a reduced relapse risk and a 
slowing down of MS activity. Also, the way that 
DBP cerebrospinal levels correlates with the evolu-
tion of the disease, is still to be further investigated. 
(22)

More studies, some of them ongoing, during fol-
lowing years, will most likely provide information 
about both the most appropriate dosing of vitamin 
D as well as the transgenerational effects. (31)

The results will surely justify the fi nancial costs, 
time and effort of the scientifi c research communi-
ty, in the attempt of providing a signifi cantly im-
provement in the lives of patients suffering from 
MS.
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