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Abstract

Introduction: Vitamin D has immunomodulatory effects, which may be relevant in
autoimmune and immune-mediated diseases.

Aim: The aim of this study was to present current data on the role of vitamin D deficiency in
the pathogenesis and course of selected diseases.

Methods: A narrative literature review was conducted, including mainly publications from
2018-2026 concerning multiple sclerosis, rheumatoid arthritis, autoimmune thyroid diseases,
and inflammatory bowel diseases.

Results: Vitamin D deficiency is frequently observed in the analyzed diseases. Mechanistic
data indicate its influence on dendritic cells, T and B lymphocytes, and the regulation of the
inflammatory response. However, the results of supplementation studies remain
heterogeneous; some studies have shown improvement in selected laboratory or radiological
parameters or disease activity indices.

Conclusions: Available data do not allow vitamin D deficiency to be unequivocally
considered a causal factor, nor supplementation to be regarded as a specific
immunomodulatory treatment. Correction of confirmed deficiency remains justified, while the
effect of supplementation on the long-term course of these diseases requires further research.
Keywords: vitamin D, vitamin D deficiency, 25-hydroxyvitamin D, autoimmunity, multiple
sclerosis, rheumatoid arthritis, autoimmune thyroid disease, inflammatory bowel disease,
Crohn’s disease, ulcerative colitis

1. Introduction

Autoimmune and immune-mediated diseases constitute a heterogeneous group whose
common feature is dysfunction of the immune system. Autoimmune diseases are
characterized by a loss of immunological tolerance to self-antigens; this phenomenon results
in the activation of autoreactive immune cells and the development of a response directed
against the body's own tissues and organs. Genetic predisposition, environmental factors, and
abnormalities in the mechanisms responsible for regulating the immune response are the main
interacting components of the complex process leading to the development of autoimmunity
[1,2].

Vitamin D is one of the environmental factors that may influence the regulation of the
autoimmune response. The effects of vitamin D extend beyond the regulation of calcium-
phosphate homeostasis and bone tissue metabolism [1,2,3]. The active form of vitamin D -
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1,25-dihydroxyvitamin D [1,25(OH).D] - has immunomodulatory properties, affecting both
innate and adaptive immunity. The vitamin D receptor (VDR) is present in numerous immune
cells, including monocytes, macrophages, dendritic cells, and T and B lymphocytes [1,2,3,4].

Vitamin D deficiency is common in the general population; its prevalence depends, among
other factors, on latitude, season, and age [5,6]. In patients with chronic inflammatory and
autoimmune diseases [7], including multiple sclerosis [4,8], theumatoid arthritis [9], systemic
lupus erythematosus [10], and inflammatory bowel disease [11], deficiency of 25-
hydroxyvitamin D [25(OH)D] is common.

The interpretation of these associations should, however, remain cautious. Low 25(OH)D
concentrations and their correlation with disease activity do not constitute evidence of a
causal relationship [7,9]. Vitamin D deficiency may be involved in the pathogenesis of
immune disorders, but it also cannot be excluded that it is a consequence of chronic
inflammation, reduced physical activity, or lower exposure to sunlight. The final assessment
of the significance of vitamin D should be based on both biological mechanisms and the
results of epidemiological and clinical studies [12,13].

The aim of this paper is to present the current state of knowledge on the role of vitamin D
deficiency in the pathogenesis and course of selected autoimmune and immune-mediated
diseases, with particular emphasis on multiple sclerosis, rheumatoid arthritis, autoimmune
thyroid diseases, and inflammatory bowel disease.

2. Literature review methodology

This paper is a narrative review of the literature concerning the role of vitamin D deficiency
in the pathogenesis and course of selected autoimmune and immune-mediated diseases. To
collect the material, scientific publications were analyzed using the PubMed electronic
database. Keywords and their combinations were used, including: vitamin D, vitamin D
deficiency, 25-hydroxyvitamin D, autoimmunity, multiple sclerosis, rheumatoid arthritis,
autoimmune thyroid disease, inflammatory bowel disease, Crohn’s disease, and ulcerative
colitis. Publications from 2018-2026 were analyzed; particular attention was paid to the most
recent data concerning the relationship between 25(OH)D concentrations and the risk of
occurrence, activity, and course of the analyzed diseases. Systematic reviews and meta-
analyses, observational and prospective studies, randomized clinical trials, as well as current
guidelines and expert statements were included in the analysis. Particular importance was
given to studies that allowed assessment of both the association between vitamin D deficiency
and disease course and the potential effects of its supplementation.

3.1. Vitamin D metabolism

Cutaneous synthesis and diet together with supplements are the two routes by which vitamin
D is supplied to the body. UVB radiation causes the conversion of 7-dehydrocholesterol in the
skin to previtamin Ds, which then undergoes isomerization to cholecalciferol (vitamin Ds).
Vitamin D may also be supplied in the form of cholecalciferol or ergocalciferol (vitamin D)
[3,4]. It then undergoes a two-step hydroxylation - initially in the liver to 25-hydroxyvitamin
D [25(OH)D], and subsequently, mainly in the kidneys, to biologically active 1,25-
dihydroxyvitamin D [1,25(OH).D], i.e. calcitriol [3].

Serum 25(OH)D concentration is the primary parameter used to assess vitamin D status in the
body [3]. The active form of vitamin D acts primarily through the vitamin D receptor (VDR),
which belongs to the nuclear receptor family. VDR is present not only in tissues associated
with calcium-phosphate homeostasis, but also in immune cells, including monocytes,
macrophages, dendritic cells, and T and B lymphocytes [1,2,4]. It is noteworthy that some



immune cells are capable of expressing the CYP27B1 enzyme; this process enables the local
conversion of 25(OH)D to active 1,25(OH):D [1,4].

3.2. Effect of vitamin D on innate immunity

Vitamin D affects both types of immunity - innate and adaptive. Within innate immunity, it
acts on monocytes and macrophages, modulating their activity and antimicrobial defense
mechanisms [1,14]. At the same time, it affects dendritic cells by limiting their maturation
and ability to activate T lymphocytes. This promotes the development of a more tolerogenic
immune environment [1,2].

In the study by Hafkamp et al., exposure of human dendritic cells to calcitriol [1,25(OH):Ds]
reduced the production of cytokines promoting the differentiation of Thl and Thl7
lymphocytes, including IL-12 and IL-23. At the same time, increased differentiation of
regulatory Treg lymphocytes and IL-10-producing cells was observed. Similar results were
obtained by Nagy et al., who demonstrated that dendritic cells exposed to the active
metabolite of vitamin Ds promoted the development of regulatory CD4+ lymphocytes while
limiting the differentiation of Th1 and Th17 cells [15,16].

3.3. Effect of vitamin D on adaptive immunity and immunological tolerance

An important element of the immunomodulatory action of vitamin D is its effect on the
balance between pro-inflammatory and regulatory T-lymphocyte subpopulations. The active
form of vitamin D may limit responses associated with Thl and Th17 lymphocytes and
support the development and function of Treg lymphocytes [15,16,17]. This may be relevant
in autoimmune diseases because excessive activity of the Thl and Thl7 pathways and
insufficient regulatory control are involved in maintaining a chronic inflammatory response.

Vitamin D also affects B lymphocyte function. Available data indicate that it may limit their
proliferation, differentiation toward plasma cells, and immunoglobulin production, which may
be relevant in diseases associated with autoantibody production [17]. These effects should,
however, be interpreted primarily as biological mechanisms that may explain the observed
clinical associations, rather than as evidence that vitamin D deficiency itself leads to the
development of autoimmune disease.

In summary, vitamin D affects numerous elements of innate and adaptive immunity,
promoting a more regulatory and tolerogenic immune response profile. Vitamin D deficiency
may therefore theoretically contribute to weakening the mechanisms that control an excessive
inflammatory response. However, the significance of these mechanisms for the development
and course of specific diseases requires evaluation in light of clinical data, because the
observed association between low 25(OH)D concentrations and autoimmunity is not
equivalent to a confirmed causal relationship [7,17].

4.1. Multiple sclerosis

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central
nervous system, in the development of which both genetic predisposition and environmental
factors play an important role. Vitamin D deficiency is one of the environmental factors being
investigated. Low 25(OH)D concentrations have been associated both with the risk of
developing MS and with greater disease activity [18,19]. In the study by Giordano et al.,
vitamin D concentration before initiation of disease-modifying therapy was associated with
the subsequent risk of disease activity. The authors also observed that a genetic predisposition
to higher vitamin D concentrations was associated with a lower risk of disease activity and a
later age at disease onset [18,19]. These findings support the hypothesis of a possible role of
vitamin D in the pathogenesis and course of MS; however, by themselves they do not
constitute evidence of the efficacy of its supplementation [18].



The results of interventional studies remain inconclusive. The randomized SOLAR trial
evaluated the use of high-dose cholecalciferol as adjunctive treatment in patients with
relapsing-remitting MS receiving interferon B-la. After 48 weeks, no significant difference
was found in the primary endpoint, which was no evidence of disease activity defined as
NEDA-3. However, more favorable results were observed for selected MRI parameters,
including a lower number of combined unique active lesions in the group receiving high-dose
vitamin Ds [20]. These findings suggested a possible effect of supplementation on selected
radiological parameters despite the lack of a significant effect on the primary endpoint [20].

Similar clinical benefits were not confirmed in the VIDAMS trial. Patients with relapsing-
remitting MS treated with glatiramer acetate received either 5000 IU or 600 IU of vitamin Ds
daily for 96 weeks. The proportion of patients who experienced a confirmed relapse did not
differ significantly between the high-dose and low-dose vitamin Ds groups. Thus, the study
did not confirm that the use of higher doses of vitamin D as adjunctive therapy reduced the
risk of relapse in patients with established relapsing-remitting MS [21].

More recent data were provided by the D-Lay MS study published in 2025, which included
patients with a recently diagnosed clinically isolated syndrome typical of MS, some of whom
also met the current criteria for relapsing-remitting MS. Cholecalciferol at a dose of 100,000
IU every 2 weeks for up to 24 months reduced the risk of the composite endpoint including
relapse or new MRI activity compared with placebo (HR 0.66; 95% CI 0.50-0.87) [19].
Significant differences in favor of cholecalciferol were observed for MRI parameters, whereas
the frequency of clinical relapses did not differ significantly between the groups [19].

Current data therefore indicate a biologically and clinically significant association between
vitamin D status and MS, although the effect of supplementation on the course of the disease
remains incompletely understood [18,19,20,21]. Discrepancies between the results of
individual studies may result, among other factors, from differences in disease stage, disease-
modifying treatment, baseline 25(OH)D concentration, the dose and supplementation regimen,
and the endpoints used [19,20,21]. The results of D-Lay MS may suggest a potential role for
intervention at a very early stage of the disease; however, differences in study populations and
methodology do not allow direct comparison of its efficacy with supplementation in patients
with established relapsing-remitting MS [19,20,21]. The available evidence does not currently
support considering vitamin D an established, stand-alone disease-modifying treatment for
MS [19,20,21].

4.2. Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease in which persistent
inflammation leads to progressive damage to joint structures. Vitamin D deficiency is
frequently observed in patients with RA, but its significance in the pathogenesis of the disease
remains unclear [9,22]. In a systematic review and meta-analysis, Clasen et al. found no
convincing evidence that higher 25(OH)D concentrations were associated with a significantly
lower risk of subsequently developing RA [9]. These findings therefore do not confirm
vitamin D deficiency as an independent causal factor in the development of the disease.

More data are available on the potential association between vitamin D and the activity of
established RA [9,22]. However, interventional studies of supplementation have yielded
inconclusive results. The meta-analysis by Al-Saoodi et al. did not demonstrate consistent
improvement across all assessed clinical and inflammatory parameters, although some
analyses showed a beneficial effect on selected disease activity indices [22]. In contrast, the
2025 meta-analysis by Ranjbar et al. showed reductions in DAS28, CRP, and ESR after
vitamin D supplementation, without significant improvement in function assessed using the
HAQ or pain intensity measured on the VAS [23].



The available data therefore indicate that vitamin D supplementation may have a beneficial
effect on some parameters of inflammatory activity in RA, but study results remain
inconsistent [22,23]. The discrepancies may result, among other factors, from differences in
baseline 25(OH)D concentration, supplementation dose and duration, and concomitant
antirheumatic treatment [22,23]. The current evidence does not justify considering vitamin D
supplementation a stand-alone disease-modifying therapy for RA [22,23].

4.3. Autoimmune thyroid diseases

The most common autoimmune thyroid diseases include Hashimoto’s disease and Graves’
disease. Patients with Hashimoto’s disease frequently have lower vitamin D concentrations
than healthy individuals, although the nature of this association has not been clearly
established [24]. Given the immunomodulatory effects of vitamin D, its potential involvement
in the regulation of the autoimmune response has been considered. However, the observed
association does not allow the conclusion that vitamin D deficiency is an independent cause
of disease development [24].

In Hashimoto’s disease, data are also available on the effect of vitamin D supplementation on
markers of autoimmunity. In the meta-analysis by Tang et al., which included 12 studies and
862 patients, vitamin D supplementation was associated with reduced titers of antibodies
against thyroid peroxidase (anti-TPO) and thyroglobulin (anti-Tg) [25]. The authors also
reported changes in selected parameters of thyroid function, with more favorable effects for
some of the analyzed endpoints observed with a longer duration of supplementation [25]. A
reduction in autoantibody titers is not, however, equivalent to a confirmed improvement in the
long-term clinical course of the disease; therefore, the significance of these findings requires
further investigation [24,25].

Less convincing data are available for Graves’ disease. In the randomized, double-blind
DAGMAR trial, which included 278 patients with newly diagnosed Graves’ disease treated
with antithyroid drugs, supplementation with 2800 IU of vitamin D daily did not increase the
probability of achieving and maintaining remission compared with placebo [26]. The
available data therefore indicate that low vitamin D concentrations are frequently observed in
patients with Hashimoto’s disease and that supplementation may affect selected markers of
autoimmunity. However, a beneficial effect on the long-term clinical course of autoimmune
thyroid diseases has not been conclusively demonstrated [24,25,26].

4.4. Inflammatory bowel disease

Inflammatory bowel disease (IBD), primarily comprising Crohn’s disease (CD) and ulcerative
colitis (UC), belongs to the group of chronic immune-mediated diseases of the gastrointestinal
tract. Vitamin D deficiency is frequently observed in this group of patients; however, it
remains unclear to what extent it is a consequence of the disease and to what extent it may
participate in modulating its course [27]. Through the VDR receptor, vitamin D affects
mucosal immune function, the integrity of the intestinal barrier, and the composition of the
gut microbiota, providing a biological rationale for its potential importance in IBD [27].
Mechanistic data alone do not, however, allow confirmation of a causal relationship between
vitamin D deficiency and the development of IBD [27].

The results of studies on supplementation are not fully consistent. In the meta-analysis by
Valvano et al., which included 12 publications concerning randomized clinical trials, vitamin
D supplementation was associated with a reduction in the overall risk of relapse or increased
IBD activity (RR 0.64; 95% CI 0.46-0.89) [28]. The clearest effect was observed in patients
with Crohn’s disease who were in remission, in whom the risk of relapse was lower (RR 0.47;
95% CI 0.27-0.82) [28]. Data regarding UC were considerably more limited, and the effect of
supplementation on continuous disease activity indices was inconclusive [28].



Caution in interpreting these findings is supported by the more recent meta-analysis by
Ramezani et al., which included nine publications concerning randomized clinical trials.
Supplementation effectively increased vitamin D concentrations; however, no significant
effect on overall IBD activity or CRP concentration was demonstrated [29]. In contrast, in a
large retrospective study published in 2026 that included 5,021 patients with IBD, vitamin D
supplementation was associated with a lower frequency of disease-related hospitalizations and
emergency department visits [30]. Because of the observational nature of this study, these
findings do not allow confirmation of a causal relationship [30].

The available data therefore suggest that adequate vitamin D status may be relevant in
patients with IBD and that supplementation may provide benefits in selected groups of
patients, particularly those with Crohn’s disease [28,29,30]. However, study results remain
heterogeneous and do not currently provide sufficient grounds to consider vitamin D
supplementation a stand-alone therapy that modifies the course of IBD [28,29,30].

5. Significance of vitamin D supplementation in autoimmune and immune-mediated
diseases

In light of the available data, supplementation aimed at correcting vitamin D deficiency
should be distinguished from attempts to use vitamin D as a specific immunomodulatory
therapy [5,19,20,21,22,23,24,25,26,27,28,29,30]. Although experimental data indicate
numerous mechanisms through which vitamin D affects the immune response, the optimal
25(OH)D concentration for achieving potential extraskeletal effects remains undetermined [5].

The results of interventional studies differ depending on the disease analyzed. In MS, some
studies indicate a possible beneficial effect of supplementation on selected parameters of
radiological activity, but an unequivocal reduction in relapse risk has not been demonstrated
[19,20,21]. In RA, improvements in some indices of inflammatory activity have been
observed, but the results of meta-analyses remain inconsistent [22,23]. In Hashimoto’s disease,
supplementation may reduce thyroid autoantibody titers, although the clinical significance of
this effect remains uncertain, whereas in Graves’ disease no increase in the probability of
achieving and maintaining remission has been demonstrated [25,26]. In IBD, results regarding
the effect of supplementation on disease course also remain heterogeneous [28,29,30].

When vitamin D deficiency is identified, its appropriate correction remains justified in
accordance with general principles of supplementation; however, the available data do not
support the routine use of high-dose vitamin D as a stand-alone treatment for autoimmune or
immune-mediated diseases [5,19,20,21,22,23,25,26,28,29,30]. The supplementation regimen
should take into account the individual clinical situation of the patient, including the severity
of deficiency, age, body weight, comorbidities, and concomitant treatment [5].

6. Discussion

The available data indicate that vitamin D may participate in the regulation of numerous
mechanisms relevant to the development of the autoimmune response. It affects dendritic
cells, the balance between Thl and Thl7 lymphocytes and Treg cells, as well as B-
lymphocyte function, providing a biological basis for a possible association between vitamin
D deficiency and autoimmunity [7,15,16,17]. In inflammatory bowel disease, an additional
role may be played by its effect on intestinal barrier integrity and the microbiota [27].
Mechanistic data do not, however, establish that vitamin D deficiency is a causal factor in the
diseases analyzed.

In multiple sclerosis, an association between vitamin D status and disease activity has
repeatedly been observed, but the results of supplementation studies remain inconclusive
[18,19,20,21]. SOLAR and VIDAMS did not meet their primary endpoints, whereas in the D-



Lay MS study high-dose supplementation reduced the risk of composite disease activity in
patients at a very early stage of the disease, with significant differences observed primarily in
MRI parameters [19,20,21]. These findings raise the hypothesis that the significance of
supplementation may depend, among other factors, on the timing of intervention; however,
methodological differences between the studies do not allow unequivocal conclusions
[19,20,21].

A similar heterogeneity applies to RA. It has not been convincingly confirmed that higher
25(0OH)D concentrations are associated with a lower risk of developing the disease [9],
whereas some interventional studies suggest a beneficial effect of supplementation on DAS28
and selected laboratory markers of inflammation [22,23]. In Hashimoto’s disease, the
observed reduction in anti-TPO and anti-Tg titers after supplementation may indicate an
effect of vitamin D on selected markers of autoimmunity, but the significance of this effect
for the long-term clinical course remains unclear [24,25]. In Graves’ disease, the DAGMAR
trial did not demonstrate an increased probability of achieving and maintaining remission
after vitamin D supplementation [26]. This highlights the uncertainty regarding the clinical
significance of supplementation in autoimmune thyroid diseases [24,25,26].

The results of studies in IBD are also not fully consistent. Some data indicate a possible
reduction in relapse risk, particularly in patients with Crohn’s disease who are in remission,
whereas other analyses did not demonstrate a significant effect of supplementation on overall
disease activity or CRP [28,29]. Beneficial associations observed in large retrospective
studies require cautious interpretation because a causal relationship cannot be unequivocally
established [30].

An important issue therefore remains the direction of the observed associations. Low
25(OH)D concentrations may potentially affect the immune response, but they may also be a
consequence of chronic disease, lifestyle changes, reduced exposure to sunlight, or
malabsorption, particularly in gastrointestinal diseases [7,27]. Heterogeneity of the results
may additionally be related to differences in baseline vitamin D concentration,
supplementation dose and duration, disease activity, concomitant treatment, and the endpoints
used [5,19,20,21,22,23,28,29].

In summary, vitamin D deficiency is frequently observed in the autoimmune and immune-
mediated diseases analyzed [7,22,24,27], and the biological basis for its potential significance
is well justified. However, clinical data do not allow vitamin D deficiency to be unequivocally
regarded as a cause of these diseases, nor supplementation as a specific immunomodulatory
treatment. Correction of an identified deficiency remains the most justified approach, whereas
determining whether supplementation can modify the natural course of specific diseases
requires further well-designed interventional studies [5,19,20,21,22,23,25,26,28,29,30].

7. Conclusions

1. Vitamin D exerts immunomodulatory effects on both innate and adaptive immunity,
providing a biological rationale for its potential significance in autoimmune and immune-
mediated diseases.

2. Vitamin D deficiency is frequently observed in patients with multiple sclerosis,
rheumatoid arthritis, autoimmune thyroid diseases, and inflammatory bowel diseases;
however, the available data do not allow its causal role to be clearly established.

3. The results of studies on vitamin D supplementation remain heterogeneous. In some
diseases, beneficial effects on selected laboratory parameters or disease activity indices have



been observed; however, it has not been conclusively demonstrated that supplementation
modifies their long-term clinical course.

4. Correction of confirmed vitamin D deficiency remains justified, whereas current
evidence does not support considering vitamin D supplementation as a stand-alone
immunomodulatory therapy.

5. Further well-designed clinical studies are needed to determine whether vitamin D
supplementation may have therapeutic significance in selected groups of patients.
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