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Abstract: Multiple sclerosis (MS) is a long-lasting inflammatory neurodegenerative 
disease of the central nervous system caused by an inappropriate attack of the 
body’s immune system on its own cells. To date, its etiology remains highly enig-
matic, with insufficient evidence on the exact cause triggering the disease. Many 
studies have highlighted the role of different environmental and genetic factors in 
its etiopathogenesis, each adding a new wedge to MS conundrum and therefore 
making it a multifactorial and polygenic disease. One of the entrants in the risk 
factor category for MS is vitamin D, and there is sufficient evidence to suggest its 
role in increasing the risk of MS development. MS patients have lower levels of 
vitamin D, and in conjunction with other factors like low sunlight intensity and 
genetic variations in vitamin D metabolic pathway genes, vitamin D has been 
adjudged as a potent risk factor for MS. The biological effects of vitamin D in the 
body are mediated by the vitamin D receptor that acts as a transcription factor after 
activation by vitamin D and subsequent heterodimerization with the retinoid-X 
receptor. This allows regulation of protein expression of target genes involved in 
diverse cellular processes including immune response and vitamin D metabolism. 
It clearly suggests use of vitamin D supplementation as an unconventional option 
for MS treatment; however, much work needs to be done to precisely determine 
the level and/or dosage of vitamin D required for achieving optimum therapeutic 
response in patients without causing adverse effects.
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Introduction

Multiple sclerosis (MS) is a chronic multifactorial and polygenic autoimmune 
disease of the central nervous system (CNS), affecting predominantly young to 
middle-aged adults, especially females (1). It was Jean-Martin Charcot who 
described MS for the first time in 1868 (2). Escalating evidence has shown that 
it is the outcome of inappropriate immune response, characterized by auto-
inflammation, making it a highly unpredictable disease (3). It is accompanied 
by a wide continuum of signs and symptoms which vary from person to person 
depending on the area of CNS damage (1, 3). Its epidemiology is variable 
across the globe, which indicates that MS etiology is governed by numerous 
geographic and environmental factors (4, 5). Presently, it is estimated that 
there are over 2.3 million people in the world living with MS, clearly indicating 
an increase in the number when compared to the 2008 estimate (6). A large 
body of epidemiological evidence supports the consensus view that it is a het-
erogeneous disease which results from complex interactions between suscepti-
bility genes and one or more environmental factors during the course of growth 
and development of a person (1, 7–11). However, no single gene or environ-
mental factor has been unambiguously identified as the causative agent, and it 
is likely that the cumulative effects of several genes and environmental factors 
lead to disease onset (12). To date, the exact cause of this debilitating neuro-
logical disease remains convoluted; however, significant attempts have been 
made to discover environmental agents associated with it (8).

Epidemiological and experimental data suggest low vitamin D levels to be 
associated with disease predisposition in cancer, schizophrenia, cardiovascular 
ailments, rheumatoid arthritis, and autoimmune diseases such as systemic lupus 
erythematosus, type 1 diabetes, and MS (13–17). The association between 
 vitamin D and MS has become a burning issue across the globe and in the recent 
years there has been a tremendous increase in studies on the same (18, 19). The 
aim of this chapter is to explore the association between vitamin D deficiency and 
MS risk, and to present the latest knowledge and developments on the role of 
vitamin D as a risk factor for MS

Vitamin D and Its Biological Role

Vitamin D is a pro-hormone belonging to the category of fat-soluble group of 
vitamins. It is a secosteroid and is primarily responsible for maintaining cal-
cium homeostasis by facilitating absorption and utilization of minerals; as a 
result, it acts as a major contributor toward bone formation and homeostasis 
(15, 20–24). The naturally occurring form of vitamin D is biologically inac-
tive and requires hydroxylation in the liver and kidney for activation (25). It 
exists in two main forms in humans: D2–ergocalciferol (plant derived) and 
D3–cholecalciferol (animal derived) (25). Small quantities of vitamin D can 
be obtained from food; however, its primary source is generated by exposure 
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to sunlight (15, 25–27). Vitamin D in skin is present in the form of pro- 
 vitamin D3 or 7-dehydrocholesterol and is converted to pre-vitamin D3 pho-
tochemically by ultraviolet B (UV-B) rays from the sun and later on converted 
to vitamin D3 by isomerization (23). This vitamin D3 from skin, food, or 
supplements is transported to liver by vitamin D–binding proteins (GC 
group-specific component), where it is converted to 25-hydroxyvitamin D3 
(25(OH)D3) or calcidiol through the process of hydroxylation by one or more 
cytochrome P450  vitamin D 25-hydroxylases like vitamin D-25-hydroxylase 
(CYP2R1 cytochrome P450, family 2, subfamily R, member 1) (28, 29). In 
kidneys, 25(OH)D3 is further hydroxylated to 1,25-dihydroxyvitamin D3 
(1,25(OH)2D3) or calcitriol by 25-hydroxyvitamin D-1-alpha-hydroxylase 
(CYP27B1 cytochrome P450, family 27, subfamily B, member 1) (15, 29). 
The schematic pathway for vitamin D synthesis is given in Figure 1. The break-
down product of vitamin D is calcitroic acid which is generated through 
hydroxylation of 1,25(OH)2D3 by 1,25-dihydroxyvitamin D 24-hydroxylase 
(CYP24A1 cytochrome P450, family 24, subfamily A, member 1) (15, 30).

In humans, the most biologically active form of vitamin D is 1,25(OH)2D3; 
however, the vitamin D levels in the body are represented by 25(OH)D3 
 concentrations due to its longer half-life than 1,25(OH)2D3 (31). The optimal 
concentration of vitamin D in the body remains a perplexing issue and as a result 
there exist several definitions for defining vitamin D status of a person. Generally, 
 vitamin D deficiency and insufficiency has been defined as a serum level of 25(OH)
D3 <50 nmol/L or 52.5–72.5 nmol/L, respectively (32, 33). Vitamin D deficiency 

Figure 1 Biosynthetic pathway of vitamin D in humans. 
Vitamin D is synthesized in a series of events involving 
sunlight exposure and hydroxylation by liver and kidney 
enzymes.
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is highly prevalent across the globe, affecting almost every population irrespective 
of age and gender (15, 17).

Vitamin D plays an essential role in innate and acquired immunity by acting as 
an immunomodulator regulating the production of type 1 and type 2 helper T-cell 
cytokines (Th1, Th2) (34), suggesting its key role in governing immune and 
inflammatory responses within the body (35). It plays a key role in several other 
processes like cellular growth, proliferation, differentiation, and apoptosis; DNA 
repair and oxidative stress; and membrane transport and adhesion (15, 22–24). 
Recent studies have proposed that its supportive role in immune response reflects 
its involvement in the prevention of various diseases including brain disorders 
and cancer (15, 33, 36, 37). The graphical representation of diverse roles played 
by vitamin D at the cellular level is shown in Figure 2.

The various biological responses of vitamin D are mediated through the vitamin 
D receptor (VDR) signaling due to its ubiquitous expression in immune cells as 
well as within CNS (38, 39). The binding of vitamin D (1, 25 (OH)2D3, calcitriol) 
to VDR and its subsequent activation leads to its heterodimerization with the reti-
noid-X receptor (RXR), resulting in modulation of vitamin D responsive gene 
expression by translocation of heterodimer complex (1, 25 (OH)2D3-VDR/RXR) to 
nucleus, and its recruitment on vitamin D response elements (VDRE) of target 
genes (24, 40). The schematic pathway for vitamin D–based signaling is given in 
Figure 3. Depending on the site of recruitment of VDR complex, it may result in 
induction of transcription at the promoter site or regulate expression at enhancer 
sites (41, 42). This allows for the regulation of protein expression of target 
 vitamin D–sensitive genes involved in diverse cellular processes including immune 
response and vitamin D metabolism and therefore the outcome of this mechanism 
could be changed from pro-inflammatory to anti-inflammatory, thereby modulat-
ing the disease risk (38, 43). The direct manifestations of immunomodulatory 
effects of vitamin D are inhibition of Th1 cytokine production and Th17 cell dif-
ferentiation, and stimulation of Th2 cytokines and T-regulatory cells, resulting in a 
shift in immune response (34).

Figure 2 Pictorial 
representation of diverse roles 
played by vitamin D.
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Status of Vitamin D in MS
MS riSk and vitaMin d

The geographical distribution of MS is highly variable (4) and the causal factors 
known to play a role in its development are fusion of genetic and environmental 
components, thereby reflecting the role of epigenetics in its development (7, 44, 45). 
The pattern of its distribution across the globe is believed to be irregular with sev-
eral exceptions; however, it shows higher prevalence in regions away from the 
equator (higher altitudes) where there is lower sunlight exposure (46, 47). A recent 
study has provided substantial evidence in support of latitude gradient shown by 
MS prevalence (48). Globally, vitamin D is low in general population and also in 
certain diseases including MS (17). The first report to suggest connection between 
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Figure 3 Vitamin D signaling pathway. The expression 
of vitamin D responsive genes is regulated via vitamin 
D receptor (VDR) through its activation by binding of 
vitamin D and then heterodimerization of activated 
VDR with retinoid-X receptor (RXR) followed by 
binding of heterodimer complex to vitamin D 
response elements (VDRE) present in genes.
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MS and sunlight was the one by Goldberg et al. (49). Several studies have sug-
gested that reduced levels of vitamin D are associated with a higher risk of MS as 
serum levels of vitamin D have been found to be lower in patients than controls 
(50–56). Many studies have observed a correlation between season of birth and MS 
risk as is evident from the fact that there is lower sunlight intensity in winter when 
compared to summer, reflecting the possibility of an association between mother’s 
exposure to sunlight during pregnancy, vitamin D levels or its dietary intake, and 
MS susceptibility (57).

Since the major source of vitamin D is sunlight-induced synthesis, it is evident 
that decreased sunlight exposure leads to reduced levels of vitamin D and thus 
higher MS risk (53–55). The decreased MS susceptibility has been linked to early 
sunlight exposure in life, especially during childhood and adolescence (50–52). 
The graphical representation of the link between sunlight, vitamin D, and MS risk 
is shown in Figure 4. Interestingly, migration studies have shown that MS risk 
changes with migration from one place to another; however, age at migration 
plays a key role in determining the disease risk of the migrant (58, 59). Recent 
studies have suggested an association between vitamin D levels and MS relapse 
rate as well as the degree of disability, and it was seen that patients with higher 
serum levels of vitamin D showed a lower relapse rate while lower levels of vita-
min D appeared to be associated with higher levels of disability in patients mea-
sured in terms of expanded disability status scale (EDSS) score (60–63).

Although there has been a lot of research on vitamin D status and MS risk in 
adult-onset cases, there is lack of data on association with pediatric-onset MS 
(64–66). A recent meta-analysis based on Mendelian randomization has used 
instrumental variable analysis to provide evidence for causal and independent 
association between low vitamin D levels and increased body mass index (BMI) 
with the risk of developing pediatric MS (64). In addition, there is evidence sug-
gesting vitamin D–based regulation of klotho and nuclear factor-erythroid-2-re-
lated factor 2 (Nrf2) signaling pathways to be responsible for MS development as 
they are believed to maintain calcium and redox homeostasis within the body (67) 
and as a result klotho and Nrf2 in conjunction with vitamin D (vitamin D-klotho-
Nrf2) act as keepers of several cell signaling pathways including myelin synthesis 
pathway (68). Even though there is evidence suggesting the role of vitamin D as a 
potent environmental risk factor for MS, further studies are required to evaluate 

Figure 4 Pictorial representation of 
association between sun exposure, 
vitamin D, and MS risk.
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precisely whether vitamin D status governs MS susceptibility independently or in 
combination with sun exposure. Furthermore, research to elucidate the duration 
and time of exposure and the role of other related epidemiological factors on MS 
susceptibility are warranted.

GeneticS of vitaMin d and MS

Genetic link of vitamin D status in MS has long been hypothesized and several 
small-scale studies have been carried out to explore the association of poly-
morphisms in vitamin D–related genes with MS risk. The most consistent 
genetic regions found to be associated with the status of vitamin D in MS are 
vitamin D metabolism genes—CYP24A1, CYP27B1, and DBP/GC (encoding 
vitamin D–binding protein) (69, 70). It is anticipated that these genes may 
increase MS risk by modulating vitamin D metabolic pathway, thereby affecting 
vitamin D levels (70). The other crucial gene has been the vitamin D–based 
signaling gene VDR, particularly FokI, ApaI, TaqI, and BsmI variants, although 
a recent study has reported conflicting results (71, 72). A meta-analysis by 
Huang et al. provided evidence against their association (73). A recent investi-
gation provided strong evidence for the role of VDR in the regulation of gene 
expression in immune cells of myeloid lineage which clearly indicates the 
importance of these genes in maintaining cellular tolerance (74). At the same 
time, it was observed that MS susceptibility loci including CYP27B1 and 
CYP24A1 showed high expression in myeloid cells, clearly reflecting the role 
of this interconnected regulatory pathway in therapeutic intervention of 
MS (74). In addition, it has been demonstrated that the main MS susceptibility 
governing genetic variant-major histocompatibility complex, class II region, 
DR beta 1 (HLA-DRB1) contains VDRE in its promoter region, which strongly 
suggests that their expression is governed by vitamin D (75). In fact, strong 
correlation has been observed between the increase in expression level of HLA-
DRB1 and vitamin D, providing solid evidence for functional implication of 
vitamin D in MS (75). Several other genes implicated in predicting serum con-
centrations of vitamin D and subsequent risk of developing MS include 
NADSYN1 (nicotinamide adenine dinucleotide synthetase) and DHCR7 
(7-dehydrocholesterol) (76). Moreover, several genes involved in MS predispo-
sition are also regulated by vitamin D as predicted by in silico analysis, clearly 
signifying the role of vitamin D as a modulator of MS risk (77) (Figure 5).

Furthermore, a recent cross-sectional study by Laursen et al. showed the 
association between age at onset of MS and vitamin D–related genetic 
and environmental factors including GC, CYP2R1, CYP27B1, CYP24A1, and 
HLA-DRB1*1501 (78). Significant association was observed between 
younger age of MS onset and low sunlight exposure, higher BMI at the age 
of 20, and HLA-DRB1*1501, reflecting their independent effect on age at 
disease onset. Also, no association was found between age at onset and rest 
of the vitamin D–related genetic and environmental factors (78). Accordingly, 
vitamin D appears to be a potent environmental risk factor in MS, exerting 
its effect at the genetic level by interacting with genetic elements associated 
with MS. The concordance observed within genetic and epidemiological 
data clearly signifies the application of vitamin D supplementation as a 
promising treatment option for MS.
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vitaMin d aS a future treatMent option for MS

There is compelling evidence to suggest that reduced risk of MS is associated 
with higher sunlight exposure and increased levels of vitamin D, thus suggest-
ing a protective effect of vitamin D supplementation on MS (79). The current 
research based on large datasets is being targeted on using vitamin D supple-
mentation as an alternative approach for MS treatment; however, there is still 
lack of convincing evidence for its effect on disease progression (80). The exact 
mechanism governing vitamin D–mediated regulation of immune response has 
to be completely elucidated for exploiting it as a future treatment option for MS. 
The experimental studies hitherto have suggested that the immune effects of 
vitamin D are not exerted at physiologic concentrations which results in hyper-
calcemia, reflecting an increase in calcium levels within the body (34). 
The previous studies based on low sample numbers have not been able to reveal 
convincing clinical effects of vitamin D in mitigating MS symptoms (81). Hence, 
there is lack of concrete evidence providing substantial support in using 
 vitamin D intervention for MS management. At the same time, the outcome of 

Figure 5 In silico analysis depicting interactions between several vitamin D 
responsive MS candidate genes, confirming the effect of vitamin D on MS (http://
www.stringdb.org).
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numerous genetic studies reiterate the fact that the studies based on vitamin D 
and MS should be conducted by considering the independent effect of different 
vitamin D–linked genetic and environmental factors on vitamin D levels within 
the body (82).

Keeping in mind the role of vitamin D as an immunomodulator and a risk 
factor for MS, its supplementation could be the most promising cost-effective 
treatment for MS in comparison with conventional disease-modifying therapy; 
thus, it could eventually prove beneficial for lowering MS burden across the 
globe. However, the major concerns that remain undetermined regarding its 
application are precise dosage, timing, response, and efficacy. Since MS is 
highly prevalent in women than men, it will be interesting to study the effect of 
gender on immunomodulatory response of vitamin D intervention. Also, keep-
ing in view the role of genetic background of a person in determining treatment 
response, it becomes mandatory to conduct vitamin D–based randomized con-
trolled trials to study the ultimate effects in different individuals with a particu-
lar genotype.

Conclusion

MS remains a mysterious disease posing several challenges for investigation; 
however, considerable progress has been made in unscrambling its etiology. 
Although there has been a remarkable progress in the research focusing on the 
role of vitamin D as a risk factor for MS, studies are warranted to explore the 
exact mechanism behind the impact of vitamin D levels on disease course, sever-
ity, and relapse. The precise effect of vitamin D on MS progression is yet to be 
determined. There is an urgent requirement for understanding the molecular 
mechanisms behind this association and exploring vitamin D supplementation as 
a future therapeutic option for MS. At the same time, increased attention should 
be given to establish the optimum levels of vitamin D that can be used for achiev-
ing desired clinical and immunomodulatory effects in MS patients with lesser 
adverse reactions of hypercalcemia.

Since vitamin D exerts its immunomodulatory effects through binding 
of  VDR, cellular expression of VDR can be a crucial determinant for MS 
 pathogenesis.Vitamin D, being the ligand of VDR, is highly dependent on envi-
ronmental influences; thus VDR analysis provides an excellent possibility to 
investigate gene–environment interaction. Understanding how polymorphisms 
in vitamin D metabolic pathway genes can affect expression at mRNA as well 
as at protein level may help in delineating the role of vitamin D–based pathway 
behind MS risk, enabling therapies targeting vitamin D–based signaling path-
way. Furthermore, it will help in defining the critical targets involved in vita-
min D metabolism and its regulation. This will aid in revealing the clinical 
immunomodulatory application of vitamin D for MS patients, and provide the 
basis for using vitamin D supplementation as a future therapeutic alternative 
for MS management. In addition, this approach can also provide evidence as to 
whether vitamin D can serve as a reliable clinical marker for MS progression, 
degree of disability or severity, and for predicting the outcome of disease for 
better management.
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