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Multiple sclerosis (MS) is an autoimmune and inflammatory chronic disease of the central nervous system that constitutes
one of the leading causes of disability among young adults. Multiple sclerosis can produce a variety of symptoms, such as
fatigue, blurred vision, optic neuritis, weakness, dizziness, balance disturbances, cognitive decline, and problems with
bladder control, as well as an increased risk of depression and anxiety. Fatigue is one of the most common and disabling
symptoms and can be described as a subjective lack of physical and/or mental energy that interferes with usual activities.
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| 1. Introduction

In people with multiple sclerosis (MS), fatigue can be central and peripheral, and both types can occur simultaneously.
Central fatigue is related to dysfunctions of the central nervous system, especially processes of inflammation,
demyelination, and/or neurodegeneration, and peripheral fatigue is related to non-specific factors of the disease or
dysfunctions of other body systems W&, Otherwise, fatigue can cause decreased physical activity and concentration,
memory disturbances, executive difficulties and feelings of tension, anxiety, or sadness Bl Furthermore, it is frequently
perceived by people as the most debilitating symptom that significantly affects quality of life B4l There are a number of
drug treatments for MS-related fatigue; however, to date, there is insufficient evidence to support which ones are most
effective BB,

Although the etiology of MS is still uncertain, it is likely that the interaction between genetic and environmental factors,
along with others, contributes to its appearance B, Some factors, such as the duration and intensity of sunlight
exposure and high-latitude geographical areas, are correlated with the incidence and prevalence of MS . This
connection could be due to low ultraviolet radiation exposure and low vitamin D (VD) status in these areas [EIEI[10],

Vitamin D is a fat-soluble steroid hormone produced predominantly in response to ultraviolet B (UV-B) irradiation of the
skin 1. The main forms of VD in the diet are ergocalciferol (vitamin D2) of vegetable origin and cholecalciferol (vitamin
D3) of animal origin. Vitamin D appears to have an immunomodulatory effect that includes the activation and proliferation
of lymphocytes, the differentiation of T cells, and a reduction in inflammatory cytokines €. Some studies have confirmed
the association between low serum levels of 25-hydroxyvitamin D (25(0OH)D) and the risk of MS onset, also constituting a
risk factor for disease activity and progression in early stages 812, ikewise, it has been observed that suboptimal levels
of VD can contribute to inflammation and axonal degeneration in people with MS (13, These associations and their effects
on immune and central nervous system cells raise the question of whether vitamin supplementation could be used as a
therapeutic strategy in MS . Therefore, VD supplementation is an area of great interest because it is a potentially
modifiable environmental factor for the development of MS and a possible treatment to reduce the risk of disease activity
and progression 1. However, to date, consensus clinical guidelines on the use of VD in MS do not offer clear
recommendations on its effect on the progression and activity of the disease 413116 The most studied clinical variables
in this regard with controversial results are relapse rate EIRYRAMLSILI disability or disease progression EILLSIAI20] ang
the appearance of new magnetic resonance imaging (MRI) lesions 192122 whijle some studies have not found a
significant positive effect of VD in relation to the relapse rate and disease progression BILIMASATIAEIASNEL others, such as
the study of Camu et al., [22] did find one. On the other hand, regarding the appearance of new MRI lesions, VD has been
shown to have a significant positive effect in several studies 1229221 ajthough in the Cochrane review by Jagannath et
al. 13l this effect was not found. In contrast, the effect of VD supplementation on fatigue has been poorly studied and
remains uncertain 23, and considering that fatigue is one of the most disabling symptoms and the one with the greatest



impact on the quality of life of people with MS, it seems pertinent to investigate possible treatments that improve this
variable.

| 2. Effect of Vitamin D Administration on Fatigue

Vitamin D has been administered as a supplement for decades in people with MS since its deficiency can be a pathogenic
risk factor and influence the activity of the disease 2411231, However, to our knowledge, this is the first systematic research
with meta-analysis that synthesized the effects of VD supplementation in relation to fatigue, a symptom that affects most
people with this disease. Researcher' data show a significant reduction in fatigue in those who received VD
supplementation compared to the control group.

In recent years, growing interest has emerged in the potential beneficial effect of VD supplementation on fatigue in people
with MS, but the results are controversial. A wide 2018 Cochrane review 13! that evaluated the benefit of VD
supplementation to reduce disease activity in relation to fatigue only included the studies of Achiron et al. 28 and
Kampman et al. &, showing contradictory and inconclusive results. The same results were obtained in a 2020 umbrella
review [28 that analyzed the evidence for dietary interventions in MS and, regarding fatigue, only included the two
mentioned studies 28271 On the other hand, in the cross-sectional study of Albrechtsen et al. 29 the intake of VD along
with omega-3 fatty acids also showed a trend toward a reduction in fatigue. Similar to this last study, researcher' study
data from five clinical trials showed a positive effect of VD supplementation on fatigue in this population.

The study of Achiron et al. 28 showed the best results in terms of a significant reduction in fatigue in the VD group in
relation to the control compared to the other studies, which generally showed positive trends or no effect on fatigue. The
characteristics that differentiate the study of Achiron et al. from the others are a larger sample size with its 158 participants
representing nearly 50% of the total sample and a dose of VD of 280 IU/week (1 mcg/day), much lower than that used in
the rest of the studies, which ranged between 20,000 IU & and 98,000 IU B per week.

Currently, there is no consensus on the optimal dosing of VD intake as adjuvant therapy in MS €. People with MS seem
to have reduced serological and metabolic responses to VD supplements, which suggests that they may need higher
doses than others to achieve clinically relevant effects B[22 Supplementation with high doses of VD is generally well
tolerated by people with MS [RLE3I34] However, some studies recommend supplementing with VD only in cases of
confirmed deficiency 1235 as well as not exceeding 600 1U/day, since higher doses could increase the risk of toxic side
effects [BILABCIS7 |n the meta-analysis by McLaughlin et al. 1, high doses were associated with worse outcomes in
general and were even reported to potentially increase the relapse risk. In contrast, other studies suggest that higher
doses are more effective than lower doses 12, as reported by a recent cross-sectional study that found a positive
association with improvement in quality of life and fatigue 3], Without having conclusive data on what the optimal dose is
for people with MS, it would be advisable to follow the recommendation of consulting with healthcare providers to obtain
personalized guidance on VD supplementation according to the specific circumstances and the medical history of each
individual (131,

It is necessary to emphasize that the baseline level of 25(OH)D is a very important parameter to consider since VD
supplementation is more effective when applied to subjects with low basal levels B839 Although in researcher meta-
regression analysis there were no significant differences in this regard, it is worth highlighting that in most of the studies
that provided data, the participants had a baseline normal 25(OH)D level ¥ which may have been the reason why no
differences were found. Moreover, this may also have influenced the fact that the effect of VD supplementation was not
greater.

Furthermore, there is currently interest in disorders of sphingolipid (SL) metabolism in MS, as they play an important role
in the regulation of the immune response and inflammation 41421 Recently, fingolimod has been used for the treatment of
MS, which is an immunomodulatory drug that targets the sphingosine-1-phosphate receptor and helps reduce
inflammation and prevent damage to the myelin sheath 43l Although in the present meta-analysis, only one study
reported that some participants were taking this medication 4, it is possible that variations in SL levels among study
participants could influence the efficacy of VD supplementation in alleviating fatigue symptoms, as VD is known to affect
SL metabolism [43],

Some limitations that might limit the robustness of researcher' estimates should be acknowledged, such as the small
sample size of the included studies. Nonetheless, in this systematic research and meta-analysis, a significant effect of VD
on fatigue was detected, although RCTs with larger samples would be necessary to confirm these findings. Furthermore,
there was wide variability in the duration of the treatment and the dose of VD used among studies, so further research is



necessary to determine the optimal dose to improve fatigue in people with MS and understand the possible benefits and
risks associated with these variables. On the other hand, due to the limited data about the type of VD administered, a
complementary analysis could not be made to determine its influence on the results. In this regard, most of the studies

that provided data used vitamin D3 2420144 \which appears to be more effective than vitamin D2 in increasing serum
levels of 25(OH)D €l
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