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Abstract

Vitamin D deficiency is common in multiple sclerosis (MS) patients. This review explores the potential benefits and limi-
tations of high-dose vitamin D supplementation in MS management. We reviewed relevant literature on the effects of
high-dose vitamin D supplementation on relapse rates, disability progression, quality of life, and MRI markers of disease
activity in MS patients. Additionally, we discussed the mechanisms by which vitamin D might influence MS, potential
adverse effects, and future research directions. Studies suggest that high-dose vitamin D supplementation may reduce
relapse rates and improve MRI markers of disease activity in MS. However, the evidence for its impact on disability pro-
gression and quality of life remains inconclusive. Vitamin D’s immunomodulatory properties are well-documented, and
its potential for neuroprotection and neurogenesis warrants further investigation. High-dose vitamin D supplementation
holds promise as a complementary or disease-modifying therapy for MS. However, further robust research is required to
solidify its role in clinical practice. Exploring vitamin D’s multifaceted effects on the immune system, neuroprotection,
and neurogenesis paves the way for novel therapeutic strategies to improve the lives of individuals with MS.
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EBV Epstein—-Barr virus

U International Unit (of vitamin D)
UvB Ultraviolet B (radiation)
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RDA Recommended dietary allowance
CYP24A1 Cytochrome P450 family 24 subfamily A member 1 (a gene)
RCTs Randomized Controlled Trials

DMTs Disease-modifying therapies

1 Introduction

Multiple sclerosis (MS) is a chronic, inflammatory demyelinating disease of the central nervous system (CNS) character-
ized by autoimmune attacks on the myelin sheath [1]. This demyelination disrupts nerve impulses, leading to a wide
range of symptoms that can vary depending on the affected areas of the brain and spinal cord [2]. The exact cause of
MS remains unknown, but it is believed to be a complex interplay between genetic predisposition and environmental
factors. Affecting over 2.8 million individuals worldwide, MS is the leading cause of non-traumatic neurological dis-
ability in young adults [2]. The disease course is highly variable, with symptoms ranging from mild fatigue and muscle
weakness to severe paralysis, vision problems, and cognitive impairment [3]. The significant burden of MS on individuals
and healthcare systems shows the urgent need for effective therapeutic strategies to manage disease progression and
improve quality of life.

Vitamin D, a fat-soluble vitamin essential for bone health and calcium homeostasis, has emerged as a potential player
in the immunomodulatory landscape [4]. Vitamin D exerts its effects through interaction with the vitamin D receptor
(VDR), a ligand-activated transcription factor expressed in various immune cells [5]. Studies suggest that vitamin D can
modulate immune function by suppressing T cell proliferation, promoting regulatory T cell activity, and influencing the
production of inflammatory cytokines [6, 7]. This immunomodulatory potential has sparked interest in exploring the role
of vitamin D supplementation in MS, a disease with a well-established autoimmune component. This narrative review
aims to examine the current evidence on the impact of high-dose vitamin D supplementation on MS.

2 Methodology

We searched PubMed, Google Scholar, Cochrane Library, and ScienceDirect, wielding a combination of keywords like
“vitamin D,"“high-dose supplementation,”“multiple sclerosis,” and crucial outcomes like “relapses” and “disability pro-
gression.” (Fig. 1). Additionally, we employed the precision of Boolean operators (AND, OR, NOT). Our search focused
on articles from 2000 to March 2024. Only studies investigating the effects of high-dose vitamin D supplementation
(exceeding recommended daily intake) on people with MS, and employing human study designs (observational studies
or randomized controlled trials), qualified for inclusion. Studies solely focused on vitamin D deficiency or insufficiency,
or those utilizing animal models or in vitro experiments, were excluded.

Two independent reviewers (N.A and A.E.B) searched through titles and abstracts. Studies deemed potentially relevant
were then retrieved for a deeper examination. Once the chosen studies were identified, we embarked on the critical task
of data extraction. Due to the anticipated diversity in study designs, outcomes measured, and participant demographics,
we opted for a narrative synthesis approach. This approach allows us to weave together the findings from both obser-
vational and RCT studies, critically evaluating their strengths and weaknesses.

Fig. 1 Systematic literature
search and study selection.
Flow chart showing the selec-
tion of studies

87 records retrieved
from database search

24 studies removed based
on their titles and abstracts

\ 4

A

63 records were reviewed

29 studies were removed
based on inclusion and
exclusion criteria

34 full text articles
included
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3 Mechanisms of action of vitamin D in multiple sclerosis

Several potential mechanisms by which vitamin D might impact MS are under investigation. Table 1. Vitamin D’s influence
on MS pathogenesis likely hinges on its interaction with the vitamin D receptor (VDR), a protein expressed in various
immune cells [8-10]. VDR acts as a molecular switch, and when vitamin D binds to it, a cascade of cellular responses is
triggered [11, 12]. These responses can modulate the immune system in several ways, potentially impacting MS develop-
ment and progression [13]. One key area of influence is the regulation of T cells, the foot soldiers of the adaptive immune
system [14]. Studies suggest that vitamin D-VDR interaction can suppress the proliferation and activity of Th1 and Th17
cells[15, 16]. These T cell subsets are known to play a central role in driving autoimmune responses [16]. Vitamin D might
offer a potential shield against the immune system’s attack on the myelin sheath in MS [17]. It achieves this by dampen-
ing the activity of specific T cells involved in the autoimmune response [18].

In contrast, vitamin D appears to support regulatory T cells (Tregs) [19]. These specialized T cells act as immune system
moderators, actively suppressing the activity of other T cells and promoting immune tolerance [20]. Vitamin D supple-
mentation holds promise for reducing the inflammatory response in MS by enhancing Treg function [21]. Tregs are regu-
latory T cells that act like immune system moderators, and boosting their activity could create a more balanced immune
environment, potentially lessening the inflammation that characterizes MS [22]. Cytokines are signalling molecules that
orchestrate communication between immune cells [23]. In MS, the production of pro-inflammatory cytokines, such as
interferon-gamma and interleukin-17, is elevated [24]. These cytokines further activate immune cells and exacerbate
inflammation. Evidence suggests that vitamin D might influence the production of these pro-inflammatory cytokines,
potentially leading to a less inflammatory cytokine profile [25-27]. This shift in the cytokine landscape could contribute
to a more subdued immune response in MS.

Epidemiological studies have observed a fascinating trend: individuals residing in regions with less sunlight exposure,
and consequently lower vitamin D synthesis, tend to exhibit a higher prevalence of MS [28]. This geographic correlation,
while not establishing a direct cause-and-effect relationship, certainly warrants further investigation. As discussed ear-
lier, vitamin D possesses immunomodulatory properties [29, 30]. Low vitamin D levels might lead to a state of immune
dysregulation, characterized by an imbalance between pro-inflammatory and anti-inflammatory responses. This dys-
regulation could create a more susceptible environment for the development of autoimmune diseases like MS.

Sunlight exposure is the primary source of vitamin D synthesis in humans. Geographic regions with less sunshine
may have a higher population burden of vitamin D deficiency [31]. However, these regions might also share other envi-
ronmental factors, such as dietary habits or exposure to specific infectious agents, that could potentially contribute to
MS risk [32]. Therefore, disentangling the independent effect of vitamin D deficiency from other environmental factors
remains a challenge. Vitamin D’s immunomodulatory effects might also influence Epstein-Barr virus (EBV), a virus linked
to MS development [33]. Vitamin D suppresses EBV replication and reactivation, potentially reducing its contribution to
the autoimmune response in MS. However, further research is needed to understand how VDR polymorphisms might
influence this specific mechanism [34].

The ability of vitamin D to modulate various aspects of the immune system, particularly those relevant to autoim-
mune responses, provides a compelling rationale for exploring its potential therapeutic role in MS [33]. While the exact
mechanisms by which vitamin D might impact MS remain under investigation, these initial findings offer a promising
avenue for future research [34].

4 Clinical evidence: high-dose vitamin D supplementation and MS outcomes

Mounting evidence explores the potential of high-dose vitamin D supplementation as a therapeutic strategy in MS
management (Table 2).

4.1 Relapse rates
Several RCTs have yielded promising results regarding the impact of high-dose vitamin D supplementation on
relapse rates in MS patients. Sotirchos et al. conducted a trial with 40 relapsing-remitting MS patients [1]. Their find-

ings demonstrated that high-dose vitamin D3 supplementation (10,400 1U/day) significantly reduced annualized
relapse rates compared to placebo (0.19 vs 0.41, p=0.04) over an 18-month treatment period [1]. Similarly, Golan
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et al. reported a statistically significant association between high-dose vitamin D3 supplementation (20,000 U/
week) and a lower proportion of patients experiencing relapses compared to placebo (24% vs 37%, p=0.03) in a
study involving 229 patients over 96 weeks [19]. Supporting these observations, Essa et al. observed a significant
decrease in annualized relapse rates with high-dose vitamin D3 (10,000 IU/day) compared to placebo (0.17 vs 0.41,
p <0.001) over 24 months [18].

However, some studies have yielded contradictory results. Hupperts et al. and Kampman et al. did not detect any
statistically significant differences in relapse rates between high-dose vitamin D3 supplementation (14,000 1U/day
and 20,000 IU/week, respectively) and placebo groups [20, 22]. These inconsistencies highlight the need for further
investigation to reconcile these findings and determine optimal dosages and treatment durations for high-dose
vitamin D supplementation in reducing relapse rates for MS patients.

4.2 Disability progression

The evidence regarding vitamin D’s impact on disability progression in MS remains inconclusive. Essa et al. did not
observe any significant differences in Expanded Disability Status Scale (EDSS) scores between the high-dose vita-
min D3 and placebo groups [18]. Similarly, studies by Hupperts et al., Camu et al., and Kampman et al. reported no
significant effect of high-dose vitamin D supplementation on disability progression as measured by EDSS scores [4,
20, 23]. Additionally, Dorr et al. did not detect a significant impact of high-dose vitamin D3 (20,000 1U/day) on EDSS
scores over 96 weeks in their study with 229 patients [21]. These findings suggest that high-dose vitamin D supple-
mentation might not significantly alter the course of disability progression in MS.

4.3 MRI outcomes

Several studies have assessed the effects of vitamin D on MRI markers of disease activity. Camu et al. found that
high-dose vitamin D3 (100,000 IU/month) was associated with a lower number of new gadolinium-enhancing lesions
compared to placebo (0.1 vs 0.6, p=0.03) [4]. Similarly, Grimaldi et al. reported a significant reduction in new T2
lesions with high-dose vitamin D3 (20,000 IU/day) versus placebo (1.5 vs 4.1, p <0.001) [24]. These findings suggest
the potential benefits of high-dose vitamin D supplementation in reducing MRI activity, which might correlate with
reduced inflammatory processes in the central nervous system. However, Hupperts et al. did not detect any signifi-
cant differences in MRl outcomes between the high-dose vitamin D3 and placebo groups [20]. Furthermore, a trial
by Stein et al. found that high-dose vitamin D3 (10,400 IU/day) significantly reduced new gadolinium-enhancing
lesions compared to placebo (0.3 vs 1.5, p <0.001) in 40 patients over 18 months [12]. These inconsistencies warrant
further investigation to clarify the role of high-dose vitamin D on MRI outcomes in MS.

4.4 Quality of life

The impact of high-dose vitamin D supplementation on quality of life in MS patients remains a relatively unexplored
area. While some RCTs have investigated this aspect, the evidence must be more conclusive. For instance, a trial by
Rolf et al. involving 229 patients with MS found no significant difference in Multiple Sclerosis Impact Scale (MSIS-29)
scores between the high-dose vitamin D3 (20,000 IU/week) and placebo groups over 96 weeks [25]. Similarly, Kamp-
man et al. conducted a trial that evaluated the impact of vitamin D supplementation on quality-of-life measures but
did not observe any significant differences between the high-dose vitamin D3 and placebo groups [23].

4.5 Factors influencing vitamin D status and response

Several factors influence a person’s vitamin D status and response to supplementation. Sunlight exposure remains the
primary source of vitamin D for most individuals [26]. During sun exposure, ultraviolet B (UVB) radiation triggers the
conversion of 7-dehydrocholesterol in the skin to previtamin D3, which isomerizes into vitamin D3 [26]. The amount
of previtamin D synthesized depends on the duration and surface area of exposed skin. However, recommendations
for sun exposure caution against overexposure and its associated risks. Optimal sun exposure involves short periods
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(5-30 min) most days of the week, without sunscreen, as sunscreens with SPF 8 or higher can significantly reduce
UVB penetration and vitamin D synthesis [26].

Dietary sources contribute to vitamin D status, although to a lesser extent than sunlight exposure. Fatty fish, fish liver
oil, and egg yolks are naturally rich in vitamin D [27]. Additionally, some food products are fortified with vitamin D, such
as milk in the United States [27]. The recommended dietary allowance (RDA) for vitamin D in adults (19 years and older)
is 600 IU daily for both men and women. This recommendation increases to 800 IU daily for adults over 70 years old [28].
In addition, immunomodulatory drugs, commonly used to manage autoimmune diseases like MS, can influence vitamin
D status. These medications, such as azathioprine, methotrexate, and cyclophosphamide, modulate the immune system
by altering antibody production [29]. While no interactions have been identified between azathioprine and vitamin D3
[30], other immunomodulatory drugs can affect vitamin D levels. For instance, cyclophosphamide, a chemotherapy
drug sometimes used for MS, can increase the risk of severe vitamin D deficiency by accelerating vitamin D catabolism
(breakdown) [31].

Variations in an individual’s genetic makeup, known as polymorphisms, can influence vitamin D status. Polymorphisms
within specific genes can affect vitamin D metabolism. CYP24A1 is a gene that encodes an enzyme responsible for the
hydroxylation (modification) of the active form of vitamin D (1,25-dihydroxyvitamin D3) [33]. While variations in CYP24A1
are believed to influence vitamin D levels, the exact relationship requires further investigation [34]. Also, certain medical
conditions can predispose individuals to vitamin D deficiency or worsen existing deficiencies. Obesity is associated with
lower vitamin D levels because the fat tissue in obese individuals acts as a reservoir for vitamin D, leading to lower serum
(blood) concentrations [35]. Additionally, an inverse relationship exists between vitamin D levels and both systolic blood
pressure and blood glucose levels. This means that higher blood pressure and blood sugar are associated with lower
serum vitamin D concentrations. Notably, pre-diabetes may also be linked to vitamin D deficiency [35].

4.6 Optimal dosing strategies for achieving therapeutic vitamin D levels in MS

While vitamin D supplementation can be a valuable tool for managing MS, it is not a one-size-fits-all approach. Generally,
older adults and those with underlying health conditions like obesity, high blood pressure, or pre-diabetes are more
likely to benefit from supplementation due to their increased risk of vitamin D deficiency. Additionally, people on long-
term steroids or with a history of fractures may also require supplementation to support bone health. However, there
are some situations where vitamin D supplementation can be harmful. Individuals with hypercalcemia (excessively high
blood calcium levels), hypervitaminosis D (vitamin D toxicity), impaired kidney function, or malabsorption syndrome
(difficulty absorbing nutrients) should not take vitamin D supplements without close medical supervision.

The goal of supplementation is to achieve a therapeutic level of vitamin D in the bloodstream, typically considered
above 75 nmol/L for MS patients. Doctors may initially recommend a high loading dose, such as 50,000 IU per week for
up to 12 weeks, to rapidly reach this target level. Once achieved, a lower maintenance dose (usually between 2000 and
5000 IU daily) is typically prescribed for long-term management [36]. The Multiple Sclerosis Clinic of Canada suggests
a more cost-effective approach: starting with a daily dose of 2000 IU for 4 months and then increasing to 3000 IU daily
upon reaching the desired vitamin D level [37, 38].

4.7 Adverse effects and safety considerations

Certain patient populations with underlying diseases such as lymphoma and granulomatous disorders may be more
susceptible to vitamin D toxicity [39]. Toxicity from excessive cholecalciferol (vitamin D3) supplementation is primarily
characterized by hypercalcemia (elevated blood calcium), hypercalciuria (excessive calcium in the urine), elevated serum
25(0OH)D levels (> 150 ng/mL or >375 nmol/L), and normal or slightly increased 1,25(0OH)2D concentrations [40]. The vast
array of clinical manifestations associated with vitamin D overdose is largely attributable to hypercalcemia and can affect
various organ systems [39, 40]. Known cardiovascular adverse effects include hypertension, shortened QT interval (ECG
abnormality), ST-segment elevation (ECG abnormality), and bradyarrhythmia with first-degree heart block. Hypercalciuria
is the earliest detectable renal manifestation, but polyuria (excessive urination), nephrocalcinosis (calcium deposits in the
kidneys), and renal failure can also occur. Other reported symptoms of vitamin D toxicity caused by hypercalcemia include
hearing loss, band keratopathy (corneal deposits), and painful periarticular calcinosis (calcium deposits around joints)
[40]. A recent concern suggests that uncontrolled intake of ultra-high doses of vitamin D may mimic the progression of
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primary progressive MS, potentially causing a delay in diagnosis until the side effects become irreversible or even fatal
[41]. This highlights the need for further research on the safety of high-dose vitamin D supplementation (exceeding
1000 IU/kg/day) in the context of MS management [42].

5 Clinical implications and future directions

Vitamin D plays a critical role in regulating the immune system, particularly by influencing T cell and dendritic cell function
[43]. In MS, the disease pathology is driven by dysregulated immune responses targeting myelin antigens, the protec-
tive sheath around nerve fibres [44]. Several studies suggest a link between vitamin D deficiency and an increased risk
of developing MS, as well as a more aggressive disease course [44]. Supplementation with vitamin D holds promise for
modulating this immune dysregulation in MS patients.

Vitamin D’s potential extends beyond immunomodulation. Experimental evidence suggests its involvement in neu-
roprotection and neurogenesis, the generation of new neurons [45]. Studies have shown that vitamin D can promote
remyelination (repair of damaged myelin), safeguard neurons from oxidative stress, and influence neurotrophic factors
that support nerve cell growth and survival [45]. Given the progressive neurodegeneration characteristic of MS, these
neuroprotective properties of vitamin D are particularly intriguing for long-term disease management.

Furthermore, vitamin D is a fat-soluble vitamin with well-established immunomodulatory properties [3]. It exerts
these effects through binding to the Vitamin D Receptor (VDR) expressed on immune cells [4]. Polymorphisms potentially
affect its function and how it interacts with vitamin D. These VDR polymorphisms can influence how individuals with
MS utilize vitamin D. Some polymorphisms decrease the VDR’s ability to bind vitamin D, reducing its effectiveness in
modulating the immune system in MS. For instance, the Taq | (T/C) polymorphism has been linked to a weaker response
to vitamin D [46]. Studies suggest a potential link between VDR polymorphisms and MS risk and progression [47, 48].
Certain polymorphisms, like Fokl (C/T) variations, are associated with increased MS susceptibility [49]. Additionally, some
research suggests that individuals with specific VDR genotypes respond better to vitamin D supplementation in terms
of reducing relapse rates [50, 51].

MS patients grapple with a variety of symptoms such as fatigue, spasticity, and cognitive decline, significantly impact-
ing their quality of life [46]. While disease-modifying therapies (DMTs) target the underlying disease process, managing
symptoms remains a crucial aspect of MS care [46]. The potential of vitamin D supplementation to alleviate some of these
symptoms has been investigated, although current evidence is limited and inconclusive.

The current standard of care for MS includes DMTs like interferon-beta, glatiramer acetate, and newer monoclonal
antibodies [47]. While DMTs are crucial for managing MS, some have unintended consequences on vitamin D levels or
its metabolism in the body. For example, medications like glatiramer acetate (Copaxone) decrease intestinal absorption
of vitamin D, while medications like interferon beta-1a (Avonex) affect enzymes involved in vitamin D metabolism [52].
Existing research suggests a potential interaction between DMTs and vitamin D levels in MS patients. Studies have shown
that some DMTs, like fingolimod (Gilenya), may be associated with a decrease in serum vitamin D levels [33]. Due to this
potential impact, it is crucial for MS patients receiving DMTs to have regular monitoring of their vitamin D levels. Early
detection and treatment of vitamin D deficiency can help ensure optimal health outcomes.

Moreover, these medications have limitations, including variable effectiveness, side effects, and high costs [47]. Vitamin
D supplementation has been proposed as an adjunctive therapy to complement existing treatments and potentially
enhance their efficacy [43]. Preclinical and clinical data suggest that vitamin D might work synergistically with DMTs to
modulate immune responses and improve treatment outcomes [43]. Beyond its adjunctive role, vitamin D supplemen-
tation is being explored as a potential disease-modifying intervention in MS [43]. While current DMTs primarily target
the immune system, vitamin D’s neuroprotective effects offer a unique opportunity to address the neurodegenerative
aspect of the disease [45]. Additionally, the favourable safety profile and affordability of vitamin D make it an attractive
candidate for long-term use as a disease-modifying agent [45].

Despite promising findings from observational studies and smaller clinical trials, there is a lack of strong evidence
from well-designed randomized controlled trials (RCTs) [46]. Many existing studies have limitations such as small sample
sizes, short follow-up periods, and heterogeneity in patient populations and vitamin D dosing regimens [46]. Large-scale
RCTs with long-term follow-up are necessary to definitively assess the efficacy and safety of vitamin D supplementation
in MS management.

The optimal dosing regimen for vitamin D supplementation in MS remains unclear [46]. While higher doses might be
necessary to achieve therapeutic effects, concerns regarding potential toxicity and hypercalcemia exist [45]. Additionally,
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the optimal treatment duration to observe significant clinical benefits is not well-established [45]. Future research should
focus on establishing individualized dosing strategies based on patient characteristics and disease stages.

MS is a heterogeneous disease with patients exhibiting variability in clinical presentation, disease course, and response
to treatment [43]. Personalized approaches to therapy, including vitamin D supplementation, hold promise for optimiz-
ing treatment outcomes [43]. Genetic, environmental, and clinical factors may influence individual responses to vitamin
D, necessitating personalized dosing strategies [45]. [dentifying biomarkers that predict treatment response could help
determine which patients are most likely to benefit from vitamin D supplementation.

The review explores various aspects of vitamin D supplementation in MS, including its impact on disease activity,
quality of life, and potential as an adjunctive or disease-modifying therapy. While the review mentions existing clinical
trials, it highlights the lack of strong evidence from well-designed RCTs.

6 Conclusion

Mounting evidence suggests a potential role for high-dose vitamin D supplementation in MS management. Studies have
shown promising results regarding its impact on relapse rates and MRI markers of disease activity. However, the evidence
for its effect on disability progression and quality of life remains inconclusive. While vitamin D’s immunomodulatory
properties are well-established, its potential for neuroprotection and neurogenesis opens exciting avenues for further
exploration. Despite the encouraging preliminary findings, limitations exist. The current evidence is largely based on
observational studies and smaller clinical trials. Well-designed, large-scale RCTs with long-term follow-up are neces-
sary to definitively assess the efficacy and safety of high-dose vitamin D supplementation in MS patients. Furthermore,
establishing optimal dosing regimens tailored to individual characteristics and disease stages is crucial. Personalized
medicine approaches that consider genetic, environmental, and clinical factors influencing vitamin D response hold
promise for optimizing treatment outcomes.

High-dose vitamin D supplementation shows promise as a complementary or disease-modifying therapy for MS.
However, further robust research is needed to solidify its role in clinical practice. Continued exploration of vitamin D’s
multifaceted effects on the immune system, neuroprotection, and neurogenesis paves the way for the development of
novel therapeutic strategies for improving the lives of individuals with MS.
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