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Abstract: 

Background. Autoimmune diseases affect a large number of people worldwide and currently 

pose a serious challenge to public health. Growing knowledge about their epidemiology, risk 

factors, as well as the processes leading to their development and the mechanisms responsible 

for their onset, opens new possibilities for the prevention and treatment of these diseases. 

Aim. The article aims to draw attention to vitamin D and its powerful immunomodulatory 

effect, which is attracting increasing interest in the potential regulation of the immune response 

and its use in the prevention and treatment of autoimmune diseases.  

Material and Methods. A literature review has been conducted using databases such as 

PubMed. Particular attention was paid to the most recent years of publication. 

Conclusions. Vitamin D supplementation in people with autoimmune disease can provide numerous 

benefits, such as pain control, fatigue reduction, lower disease activity scores, remission induction, 

and reduced need for other medications. According to many premises, the active form of 

vitamin D may be a useful parameter in monitoring inflammation, a therapeutic biomarker, and 

even an indicator of disease progression and treatment effectiveness. However, further research 

is needed to assess the long-term effects and to gain a more complete understanding of the 

role, mechanisms of action and safety profile of vitamin D supplementation. Until more 

conclusive evidence is available, vitamin D should be considered only as a potentially helpful 

adjunct in the prevention and treatment of autoimmune diseases. 

 

Keywords: vitamin D, autoimmune diseases, pathogenesis, rheumatoid arthritis (RA), multiple 

sclerosis (MS), systemic lupus erythematosus (SLE), supplementation, treatment 

 

Introduction: 

Mechanisms of action of vitamin D in the immune system 

Vitamin D is essential for maintaining normal bone mineralization and also plays an important 

role in regulating the immune system. Its mechanisms of action are particularly important in the 

context of autoimmune diseases [4]. The vitamin D receptor (VDR) is found in many cells of the 

immune system, such as T lymphocytes, B lymphocytes, dendritic cells and macrophages 

[5]. The binding of vitamin D to the VDR initiates genomic and non-genomic signaling 

pathways that affect the functioning of the immune system [6].  
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In addition, vitamin D promotes the development of regulatory T cells (Tregs), which help 

maintain immune tolerance and prevent autoimmune reactions by inhibiting autoreactive T cells 

[6,7]. It can also inhibit the production of pro-inflammatory cytokines while increasing the 

production of anti- inflammatory cytokines, which contributes to a reduction in systemic 

inflammation [4]. 

Vitamin D supplementation may reduce the severity of autoimmune diseases by controlling the 

release of various inflammatory mediators and is therefore considered beneficial in reducing 

the activity of these diseases [8]. 

 

Pathogenesis of autoimmune diseases 

Autoimmune diseases represent a diverse group of diseases characterized by an imbalance in 

the immune system, loss of immune tolerance to autoantigens, and impaired mechanisms for 

recognizing the body's own structures. This dysfunction leads to excessive proliferation and 

activation of autoreactive T or B cells, which causes the immune response to be directed against 

the body's own healthy tissues.  

The resulting clinical symptoms resulting from this are heterogeneous and related to the specific 

site of involvement. Therefore, they can be divided into organ-specific, e.g. type 1 

diabetes and systemic autoimmune diseases, e.g. lupus [9]. 

Autoimmune diseases tend to run in families, and their pathogenesis is mainly driven by genetic 

factors. Environmental and epigenetic factors also play an indispensable role in their 

development [9]. Many infectious agents also play a major role in the development of 

autoimmune diseases. For example, the Epstein-Barr virus (EBV) stimulates innate and 

adaptive immune responses through the structure of its proteins, which is associated with many 

diseases such as MS, SLE and RA [1]. 

In some Western countries, the increase in the incidence of autoimmune diseases is associated 

with changes in nutrition, which is explained by interactions between diet, gut microbiota, 

metabolites and immune cells. Despite its unclear mechanism of action, smoking also has an 

impact on these conditions [1]. 

It is assumed that most autoimmune diseases have a common etiology and 

pathogenesis, including a noticeable tendency to coexist with vitamin D deficiency in the 

body [3,9]. 

 

Rheumatoid arthritis (RA) 

Rheumatoid arthritis (RA) is an autoimmune disease classified as a chronic rheumatic disease 

[10]. The prevalence of RA is estimated at approximately 1% of the global population. 

Although the exact etiology of the disease is unknown, there is evidence pointing to the 

interaction of genetic predisposition and environmental factors. The main area affected by the 

disease is the joints, which manifests itself in pain, stiffness and swelling. However, RA can also 

affect other organs, leading to serious complications, including cardiovascular and pulmonary 

diseases [4]. 
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The basic mechanism of RA, as in other autoimmune diseases, is an abnormal attack by immune 

system cells on the body's own tissues [4]. Treatment of RA usually involves a combination of 

different therapeutic methods aimed at reducing inflammation, alleviating symptoms and 

preventing joint damage [11]. There is growing evidence that complementary therapies can also 

alleviate symptoms and improve the overall well-being of patients with rheumatoid arthritis [4]. 

The literature indicates that vitamin D plays a key role in the development and treatment of RA [7]. 

Vitamin D supplementation, analyzed in terms of clinical results for disease activity and joint 

damage assessment (DAS-28) and RA progression, shows promising results compared to the 

results of immunological studies [12]. 

The role of vitamin D in modulating immune function and inflammatory processes is well 

documented. Some studies have also shown that high doses of vitamin D have a beneficial 

effect on disease activity and pain control in patients with active RA and vitamin D 

deficiency [12]. Nevertheless, many results regarding its effect on the course of RA remain 

contradictory and inconclusive [13,14]. 

In addition, studies indicate that the active form of vitamin D may be a useful parameter in 

monitoring inflammation, a therapeutic biomarker, and even an indicator of disease progression 

and treatment efficacy in patients with RA [12]. 

Higher vitamin D concentrations are associated with a lower risk of RA, but the overall effect of 

vitamin D on the immunomodulation of pathophysiology cannot be clearly determined. Further 

research is needed to evaluate the long-term effects and to gain  

a more complete understanding of the role, mechanisms of action and safety profile of 

vitamin D supplementation in patients with RA with varying disease activity as assessed by the 

DAS-28 index [12,15]. 

 

Multiple sclerosis (MS) 

Multiple sclerosis (MS) is the most common demyelinating disease with multifactorial 

pathogenesis affecting the central nervous system. Many researchers have demonstrated a link 

between vitamin D deficiency and an increased risk of developing MS. 

This disease is also an increasingly common cause of disability worldwide, especially among 

young adults [16]. MS is considered an immune-mediated disease leading to demyelination, 

axonal damage and oligodendrocyte damage [17]. The most common clinical form is relapsing-

remitting MS, which occurs in approximately 80% of patients. Clinical symptoms are varied and 

include visual, motor and sensory disturbances, fatigue, coordination and cognitive impairment 

[16]. Currently, disease-modifying therapies (DMTs) aim to reduce the number of relapses and the 

progression of demyelinating lesions, thereby reducing the risk of permanent disability [18]. 

Vitamin D3 inhibits myelin basic protein (MBP)-specific T lymphocytes, increases the number 

of CD4+CD25+ regulatory lymphocytes, and reduces the activation of microglia and astrocytes 

[19,20]. Studies indicate that high or normal vitamin D intake may prevent the development of MS 

or reduce the risk of its occurrence [16]. 

Many studies have observed a significant reduction in the EDSS (Expanded Disability Status 

Scale – used to qualify treatment and evaluate its effectiveness) and the number of relapses in 

groups receiving vitamin D. However, analyses have shown that a significant reduction in the 

frequency of relapses was observed mainly in patients taking vitamin D for more than 12 months. 

No significant effect on fatigue or quality of life was found [16].  
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In addition, each 10 ng/ml increase in vitamin D levels may be associated with a 15% lower risk of 

new T2 lesions at a later date [21]. Interestingly, higher vitamin D levels may also reduce the 

severity of COVID-19 in people with multiple sclerosis [22]. 

In order for it to be considered an effective disease-modifying therapy, larger, dose- ranging 

clinical trials with clinically relevant endpoints are needed. Therefore, until more conclusive 

evidence is obtained, vitamin D should be considered only as a potentially helpful adjunctive 

therapy [16]. 

 

Systemic lupus erythematosus (SLE) 

Systemic lupus erythematosus (SLE) is a chronic inflammatory connective tissue disease that 

affects the joints and numerous organs, including the kidneys, heart, skin, lungs and central nervous 

system. The disease manifests itself through a variety of symptoms and most commonly affects 

women of childbearing age [23]. Dysfunction and deposition of immune complexes activate the 

complement system and inflammatory cells, causing local and systemic inflammation, leading 

to damage to the body's own tissues and, as a consequence, disrupting the proper functioning of 

many organs [24]. The causes of this immune system dysregulation are not fully understood [23]. 

SLE is a disease with an unpredictable course, characterised by periods of remission and 

exacerbation, with a wide range of clinical symptoms, including general symptoms such as 

fatigue (in up to 100% of patients) and fever, as well as symptoms related to organ 

involvement [25]. 

Increasing serum vitamin D levels reduces inflammation, improves hemostasis indicators and 

reduces fatigue. In addition, it leads to a significant reduction in the Systemic Lupus 

Erythematosus Disease Activity Index (SLEDAI) and is associated with clinical benefits 

reflecting reduced disease activity [23]. Recent studies suggest that vitamin D 

supplementation not only lowers SLEDAI scores but may also promote remission or low 

disease activity (LDAS), reducing the need for glucocorticosteroids and modulating the immune 

response [26,27]. 

Vitamin D supplementation, thanks to its immunomodulatory and favorable safety profile, is 

a simple and accessible strategy to support the treatment of patients with systemic lupus 

erythematosus in clinical practice [23]. 

 

Vitamin D supplementation in selected autoimmune diseases 

Vitamin D plays an important role in the musculoskeletal system and in the prevention of 

nutritional rickets, osteomalacia and osteoporosis as a mediator in the regulation of calcium-

phosphate metabolism. Its deficiency (25(OH)D < 20 ng/ml) accelerates bone turnover, bone loss 

and is an associated common factor in osteoporotic fractures. Therefore, in the case of 

secondary osteoporosis caused by chronic treatment with glucocorticosteroids (GCS), it is 

important to maintain optimal concentrations of 25- hydroxyvitamin D, i.e. 25(OH)D 

(Table  1) [3]. 
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Table 1. Blood 25(OH)D concentration thresholds [3]. 

 

25(OH)D concentration Vitamin D status 

<20 ng/ml (<50 nmol/L) Deficiency 

20-30 ng/ml (50-75 nmol/L) Decreased level 

30-50 ng/ml (75-125 nmol/L) Optimal 

50-60 ng/ml (125-150 nmol/L) Safe 

60-100 ng/ml (150-250 nmol/L) 
Area of uncertainty; with potential 

benefits and risks 

>100 ng/ml (>250 nmol/L) Potential toxicity 

 

The action of vitamin D is not limited to bones, as evidenced by the presence of vitamin D receptors 

(VDR) in every cell and tissue of the body, including immune cells, skin, brain, gonads, stomach, 

heart and pancreas. As a result, vitamin D deficiency can also affect the functioning of these 

organs, disrupt their functioning and, consequently, contribute to the development of chronic 

diseases [3]. 

 

Table 2. Recommended vitamin D dosage [3]. 

 

Patient group Recommended dosage regimen (IU) 

>18 years of age 

 

1000-2000/day OR 

7,000-14,000/week OR 

30,000-60,000/month 

>75 years of age 
2000-4000/day OR 

14,000-30,000/week 

High-risk group 

(including autoimmune diseases) 

4,000/day OR 

Up to 30,000/week OR 

Up to 120,000/month for 3 months 

 

Due to the lipophilic nature of vitamin D, daily dosing is not necessary. An equal efficacy and 

safety profile is provided by weekly and monthly administration of the daily equivalent of 1000 IU 

of vitamin D3 [3]. 

Taking 2000 IU of vitamin D daily can reduce the risk of developing new autoimmune diseases 

by up to 22%. However, in vitamin D-deficient patients suffering from serious diseases, 

including autoimmune diseases such as RA, MS or SLE, dosing regimens should be more 

aggressive than in healthy individuals and sufficient to achieve and maintain higher 25(OH)D 

levels throughout the year, i.e. 55 to 70 ng/ml. Therefore, for patients at risk, vitamin D3 dosages 

of 4,000 IU/day or up to 30,000 IU weekly or up to 120,000 IU monthly for 3 months may be 

considered (Table 2.) [3]. 



7 

In RA, supplementation at 60,000 IU per week or even 4,000 IU per day can potentially improve 

disease activity and pain control in patients after six months of therapy as part of stable basic 

treatment [13,28]. 

In patients with SLE, taking 400 IU daily for 12 weeks can significantly reduce IL-6 and TGF-

β1 levels. In addition, changes in serum vitamin D concentrations may affect the proportions of 

Treg and Th17 lymphocytes, as well as the levels of cytokines associated with these 

subpopulations [29,30]. 

In patients with early MS taking 100,000 IU of vitamin D every 2 weeks for 2 years, this may be 

associated with reduced disease activity, number of relapses and new lesions on MRI [31]. 

 

Summary 

• Numerous autoimmune diseases share similar etiological and pathogenetic factors, 

which are often accompanied by vitamin D deficiency. 

• Vitamin D plays an important role in regulating the immune system, helping to 

maintain immune tolerance and prevent autoimmune reactions. 

• Vitamin D supplementation may reduce the severity of the disease by controlling the 

release of various inflammatory mediators. 

• Taking 2000 IU of vitamin D daily can reduce the risk of developing new 

autoimmune diseases by up to 22%. 

• Due to the lipophilic nature of vitamin D, daily dosing is not necessary. Therefore, for 

patients at risk, vitamin D can be taken at a dose of 4000 IU/day or up to 30,000 IU per 

week or up to 120,000 IU per month. 

• Higher concentrations of vitamin D in the body are associated with a lower risk of RA, 

may reduce the severity of the disease, and may be a useful parameter in monitoring 

inflammation, a therapeutic biomarker, and even an indicator of disease progression 

and treatment effectiveness 

• High vitamin D intake may prevent the development of MS or reduce the risk of its 

occurrence, lead to a reduction in the Expanded Disability Status Scale (EDSS) score 

and the risk of new T2 lesions in patients with MS 

• Increasing serum vitamin D levels reduces inflammation, improves hemostasis 

indicators and reduces fatigue, leads to a significant reduction in the SLEDAI disease 

activity index, and may also promote remission and reduce the need for 

glucocorticosteroids. 

• More clinical trials with different doses and relevant endpoints are needed, and until 

more conclusive evidence is available, vitamin D should only be considered a 

potentially helpful adjunct. 
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