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ABSTRACT
The authors of recently published scientific papers are focusing increasingly often on the effect of vitamin D on immune 
processes. In the case of deficiencies of this vitamin, an imbalance in the immune system is observed, which is associated 
with the intensification of the inflammatory reaction in the body and the increased possibility of an autoimmune reaction. 
Therefore, due to the growing interest of scientists in the relationship between the effects of vitamin D and the development 
of autoimmune diseases, this paper considers the use of Vitamin D in autoimmune therapies. However, the mechanism of 
vitamin D on individual autoimmune diseases has not been elucidated so far, therefore there is a need for further research. 
The importance of maintaining normal plasma vitamin D levels to reduce the risk of developing autoimmune diseases 
has been demonstrated by the authors of other studies. They showed that vitamin D levels influenced the course, severity 
of symptoms and frequency of relapses of autoimmune thyroid disease, inflammatory bowel disease, and rheumatoid 
arthritis.
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STRESZCZENIE
Autorzy prac naukowych, opublikowanych w ostatnim czasie, coraz częściej skupiają się na wpływie witaminy D na 
procesy immunologiczne. W przypadku wystąpienia niedoborów tej witaminy obserwuje się upośledzenie równowagi 
działania układu immunologicznego, co wiąże się z nasileniem reakcji zapalnej w organizmie i zwiększeniem możliwości 
wystąpienia reakcji autoimmunologicznej. Ze względu na rosnące zainteresowanie naukowców tematem zależności 
występujących pomiędzy działaniem witaminy D a rozwojem chorób autoimmunologicznych rozważa się wykorzystanie 
tej witaminy w ich terapii. Mechanizm wpływu witaminy D na poszczególne choroby autoimmunologiczne nie został 
dotychczas wyjaśniony, dlatego istnieje potrzeba przeprowadzenia dalszych badań. Istotne  jest utrzymanie prawidłowego 
stężenia witaminy D w osoczu w celu zmniejszenia ryzyka rozwoju chorób autoimmunologicznych. Powyższy wniosek 
został wykazany przez autorów badań w odniesieniu do autoimmunologicznych chorób tarczycy, nieswoistych chorób 
jelit oraz reumatoidalnego zapalenia stawów. Stężenie witaminy D wpływało na przebieg tych chorób, nasilenie objawów 
oraz częstotliwość występowanie nawrotów.

Słowa kluczowe: witamina D, autoimmunizacja, reumatoidalne zapalenie stawów, nieswoiste zapalenia jelit, choroba 
Hashimoto, choroby autoimmunologiczne tarczycy

INTRODUCTION

Vitamin D is an essential vitamin that is necessary 
in the proper functioning of the body. It performs 
many important functions by influencing the course 
of basic metabolic processes, as a result ensuring 
the proper functioning of the body. The range of 
vitamin D’s activity in the body depends on its 
serum concentration. Vitamin D deficiencies are 
often an indirect cause in the multistage pathogenesis 
of diseases, and its supplementation is crucial for 

preventing these diseases [1, 2, 5, 13, 20, 21, 39, 47,4 
9, 53]. 

The most widely described function of vitamin 
D is its effect on calcium-phosphate metabolism and 
its role in the prevention of rickets and osteoporosis 
[49]. However, the authors of recently published 
scientific papers are increasingly focusing on the 
effect of vitamin D on immune processes, including 
autoimmune diseases. In the event of vitamin D 
deficiencies, an impairment of the immune system 
balance is observed, which is associated with 
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then released into the intercellular space to be further 
transported in the blood [25]. 

The next stage of metabolic transformations is the 
double enzymatic hydroxylation reaction which takes 
place in the liver and kidneys. The first hydroxylation 
reaction takes place in the liver, catalyzed by the 
vitamin D 25-hydroxylase enzyme. The product of 
this reaction is 25-hydroxy-cholecalciferol (calcidiol), 
with a chemical formula of 25(OH)D3. Calcidiol is the 
main form of vitamin D found in the blood serum. 
The second hydroxylation reaction takes place in the 
kidneys with the participation of 1α-hydroxylase. 
During this reaction, the A-ring of the molecule 
is hydroxylated, and a compound called calcitriol, 
otherwise known as 1α,25-dihydroxycholecalciferol, is 
formed with the chemical formula 1α,25(OH)2D3. The 
reaction is controlled by parathyroid hormone (PTH), 
the metabolism of which depends on the concentration 
of 1α,25(OH)2D3, calcium, and phosphate content in 
the blood serum [25].

The vitamin D receptor (VDR receptor) is part of 
a group of steroid hormone receptors that includes 
vitamin D. Through this receptor, vitamin D acts on 
target cells of the body [25]. The VDR receptors have 
been detected in a large number of tissues, including 
adipose tissue, skin, cells of the immune system, and 
the placenta. The largest number of receptors are found 
within the endocrine and digestive systems, especially 
in the small intestine, which fact proves the specific 
effect of vitamin D in these areas [10, 56]. 

The effect of vitamin D at the genomic level is 
related to the effect of the VDR/RXR complex. It 
is a combination of the vitamin D receptor (VDR) 
and the retinoid X receptor (RXR), which forms 
a heterodimer complex. The complex is activated by 
1α,25(OH)2 D3, which shows an analogous activity 
to the transcription factor. An example of an action 
of the 1α,25(OH)2 D3/VDR complex is its effect on 
bone remodeling [3]. The particular effect of VDR/
RXR complex has also been observed in the case 
of so-called transcriptional pathways, for example, 
cytokine-activated pathways. Additionally, vitamin 
D can modulate such immunological processes as 
autophagy and apoptosis [7].

Vitamin D can control its own level through 
the VDR receptor using negative feedback. In the 
process, 1,25(OH)2D inhibits expression and synthesis 
of the  parathyroid hormone. As a consequence 
1α-hydroxylase synthesis in the kidneys is decreased. 
1α-hydroxylase is responsible for the major stage 
of the vitamin D synthesis process. The vitamin 
D 25-hydroxylase enzyme is responsible for the 
degradation of calciferol, which causes catabolic 
reactions. As a result, a water-soluble inactive 
metabolite is formed. The produced metabolite is 
excreted from the body along with bile [10]. 

The role of vitamin D in selected autoimmune diseases

intensification of the inflammatory reaction in the 
body and the increased possibility of an autoimmune 
reaction. The correct vitamin D level in the blood 
determines the secretion of anti-inflammatory 
cytokines and regulatory elements of the immune 
system. The serum vitamin D levels also have an 
indirect effect on, among other things, the microbiome 
and the integrity of the intestinal epithelial barrier. In 
the case of a deficiency of vitamin D in the plasma, 
this relationship can have an effect on the development 
of autoimmune reactions. Due to the growing interest 
of scientists in the relationship between the effects 
of vitamin D and the development of autoimmune 
diseases, this paper considers the use of Vitamin D 
in autoimmune therapies. The mechanism of vitamin 
D on individual autoimmune diseases has so far not 
been elucidated, therefore there is a need for further 
research [1, 8, 9, 14, 31, 51, 55, 59]. 

The aim of this study is to review the scientific 
literature with regard to the effects of plasma vitamin 
D levels on the immune system, pathogenesis, 
and development of autoimmune diseases, such as 
autoimmune thyroid disease, inflammatory bowel 
disease (IBDs), and rheumatoid arthritis (RA).

VITAMIN D – METABOLISM AND 
BIOLOGICAL FUNCTIONS

Vitamin D is part of a specific group of compounds 
known as secosteroid compounds. The term “vitamin 
D” refers to two main compounds, ergocalciferol 
(vitamin D2) and cholecalciferol (vitamin D3). Both 
molecules have an analogous structure, consisting 
of A, B, C, D rings and a side chain.  Vitamin D is 
considered to be a secosteroid compound because of 
the presence of a characteristic, open B chain. The 
ergocalciferol and cholecalciferol are synthesized from 
provitamins – ergosterol and 7-dehydocholesterol, 
respectively – under the influence of ultraviolet B 
radiation of a specific wavelength. The central point of 
the process of converting provitamins into vitamins is 
a modification within the molecule B-ring by thermal 
isomerization [17,25,33,46]. Vitamin D supplied to 
the body undergoes numerous metabolic processes, 
thanks to which it reaches its active form [25]. 

Ergocalciferol, a derivative of exogenous 
ergosterol, differs from cholecalciferol in the structure 
of its side chain, but both forms undergo the same 
metabolic process pathways [17,25,46]. The vitamin 
D3 precursor, which is 7-dehydrocholesterol, is mainly 
found in keratinocytes and fibroblasts. The reaction of 
7-dehydrocholesterol conversion into its active form of 
cholecalciferol (calciol) takes place in the skin under 
the influence of UVB radiation with an appropriate 
wavelength of 290-315 mm. The resulting calciol 
molecule has a lasting and stable structure, and is 
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Calcitriol is a substance with hormone properties, 
including the ability to bind to the VRD receptor, 
which acts as a transcription factor and is necessary 
for vitamin D to induce biological effects [3,48].

THE EFFECT OF VITAMIN D ON THE 
IMMUNE SYSTEM

The immune system works by controlling processes 
in all body systems. The enzyme 1-α-hydroxylase 
and the VDR receptor that activate vitamin D have 
been detected in many cells of the immune system. 
The presence of VDR receptors has been detected 
in monocytes, antigen-presenting cells, as well as T 
and B lymphocytes. The highest content of VDRs 
in the immune system is observed in monocytes and 
antigen-presenting cells [51,56].

The mechanism of vitamin D on cells of the non-
specific immune response

Innate immunity, otherwise known as non-
specific immunity, is the body’s first line of defense. 
The mechanisms of non-specific immunity act 
immediately, but are not very precise. The main line of 
defense in the case of this type of immune mechanism 
are phagocytic cells (macrophages, granulocytes), the 
complement system, lysozyme, interferon and cells 
capable of cytotoxicity [31].

Macrophages
Vitamin D stimulates the maturation of phagocytic 

cells and their transition to the macrophages’ active 
form. A deficiency of vitamin D is associated with 
inhibition of the secretion of lysosomal enzymes and 
H2O2, which are essential factors in the phagocytosis 
of pathogens by macrophages [45]. Because of their 
functions in the immune system, macrophages are 
referred to as phagocytic and antigen-presenting 
cells. In the event of an infection, the macrophages’ 
action has two steps: production of pro-inflammatory 
cytokines, and mobilization of other cells of the 
immune system. With regards to the functional profile 
of the cytokines they produce, we distinguish two 
groups of macrophages. The first are M1 macrophages 
that produce pro-inflammatory cytokines, such as 
interleukin 12 (IL-12), interleukin 1 (IL-1), tumor 
necrosis factor α (TNFα) and interleukin 23 (IL-23). 
The cytokines take an active part in the elimination 
of pathogens and also have an effect on T-cell 
differentiation. The other, M2 subgroup macrophages, 
are mainly responsible for the anti-inflammatory 
activity by producing interleukin 10 (IL-10) [44]. 

In the case of autoimmune diseases, changes in the 
distribution and number of macrophages of a specific 
subtype are observed. In the area of inflammation, 
there is an increase in the number of macrophages 

and macrophage-dependent lymphocytic cells. The 
loss of balance between M1 and M2 macrophages 
is also observed. The appropriate concentration of 
1,25(OH)2D3 in the body restores the balance between 
the activities of the M1 and M2 macrophages. This 
restoration occurs through the reduced production of 
pro-inflammatory factors by M1 macrophages and 
increased synthesis of anti-inflammatory cytokines 
produced by M2 macrophages. This macrophage 
regulation results in anti-inflammatory effects which 
prevent the excessive reactivity of M2 macrophages, 
while also maintaining the correct immune response 
mechanisms of the body [14]. 

Calcitriol also has an effect on the synthesis of 
cathelicidin and defensin antimicrobial peptides. 
The process of synthesizing an antimicrobial peptide 
controlled by vitamin D concentration begins with 
identification of the pathogen. Using toll-like receptors 
(TRL), macrophages and monocytes capture the 
pathogen. The TRL receptor is assisted by cytokines 
produced by T lymphocytes, and causes transition 
of the vitamin D precursor to its active form and its 
binding to the VDR receptor. Among the cytokines, 
interferon γ (IFN-γ) has an active effect on vitamin D 
metabolism, while interleukin 4 (IL-4) has an inhibitory 
effect. Vitamin D bound to the VRD receptor binds to 
the retinoid X receptor, stimulating the synthesis of 
the antimicrobial peptide. The resulting cathelicidin 
has an antibacterial effect and influences the immune 
system’s neutralization of pathogenic microorganisms 
[16, 22, 51]. Wang et al. [57] showed that vitamin D also 
influences the synthesis of β2 defensin by stimulating 
receptors for the molecular patterns nucleotide-
binding oligomerization domain containing 2 (NOD2), 
responsible for the activation of β2 defensin synthesis.

Dendritic cells
Dendritic cells stimulate specific immunity cells 

multidirectionally, however, the most important 
factor is immunostimulation, which is dendritic cells’ 
ability to transform into a tolerogenic state. However, 
calcitriol can weaken their ability to immunostimulate 
– under calcitrol’s influence, the expression of surface 
molecules that are necessary for the presentation of 
the antigen is weakened. In addition, the synthesis of 
pro-inflammatory cytokines (such as IL-6, -12, -23), is 
inhibited with a simultaneous increase in the synthesis 
of anti-inflammatory factors (IL-10, prostaglandin 
E2: PGE2, chemokine CCL22). Tolerogenic dendritic 
cells regulate the production of regulatory T cells 
(Treg), which are responsible for regulation of 
immune processes and control autoimmune reactions. 
These elements of the immune system influence the 
maintenance of the immune balance and support the 
regulation of autoimmune processes in the human 
body [1, 9, 23, 24]. 
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Zhongxiang et al. [62] demonstrated the effect 
of vitamin D-induced telerogenic dendritic cells on 
immunological processes in multiple sclerosis (MS). 
Their study was performed on animal models using 
experimental autoimmune encephalomyelitis (EAE) 
material. Researchers collected blood from EAE-
infected dead mice and grew populations of dendritic 
cells from bone marrow cells. The cells were made 
tolerogenic under the influence of vitamin D. The 
researchers then created three groups: a control group, 
a group with dendritic cells administered, and a group 
with dendritic cells administered in the presence 
of 1,25(OH)2. The scientists reported the effect of 
tolerogenic dendritic cells in the presence of 1,25(OH)2 
in mice in the form of an increased number of IL-10 
secreting T helper 2 (Th2) cells and regulatory B 
lymphocytes produced in the spleen. Less penetration 
and activity of T helper 1 (Th1) and T helper 17  (Th17) 
cells in the area of the spinal cord were also observed. 
The authors speculate that vitamin D-induced 
tolerogenic dendritic cells alleviate EAE. In addition, 
the authors believe that in the future, use of this type of 
therapy could be introduced into autoimmune diseases 
therapy. However, the form of therapy presented above 
requires further research.

As a result of the action of vitamin D, anti-
inflammatory and regulatory effects are stimulated, 
which are key in the autoimmune process. Therefore, 
the tolerogenic dendritic cells formed under the 
influence of vitamin D are being considered for use in 
autoimmune disease therapy [14,26,30].

The effect of vitamin D on selected elements of specific 
immune responses

Specific immunity is not an immediate reaction. 
Specific immune mechanisms are targeted precisely 
against a specific antigen. This type of immune 
reaction uses antibodies produced by B lymphocytes 
and T lymphocytes. In the case of specific immunity, 
there is also a secondary specific response. This 
response is the immediate response of the immune 
system to repeated contact with a given antigen [31].

B lymphocytes
The effect of 1,25(OH)2D3 on B lymphocytes is 

dependent on whether the cell is activated or resting. 
Calcitriol inhibits the proliferation of activated 
B lymphocytes, resulting in reduced production 
of immunoglobulins. In addition, calcitriol also 
significantly influences the activation of the 
apoptosis process of B lymphocytes, and inhibits 
the differentiation of plasma cells present in the 
maturation and proliferation stage. Vitamin D reduces 
the amount and production of antibodies, but does not 
affect the existing antibodies. The effect of vitamin D 
on B lymphocytes via VDRs depends on the duration 

of the action and its concentration, as well as on the 
developmental stage of B lymphocytes [12, 45]. 

In autoimmune diseases, B lymphocytes are 
responsible for the production of antibodies against the 
body’s own antigens. The mechanism of vitamin D is 
based on its effect on the main stage of B lymphocytes’ 
formation, by which it prevents the differentiation of 
plasma cells. For this reason, it inhibits the production 
of antibodies in the autoimmune process [14].

T lymphocytes
The effect of 1,25(OH)2D3 on T lymphocytic 

cells can cause changes in the synthesis of specific 
cytokine profiles mediated by T helper cells (Th), and 
also affect VDR expression. Naive CD4+ T cells are 
differentiated functionally by cytokines, the secretion 
of which is controlled by vitamin D. Vitamin D 
inhibits IFN-γ synthesis and activates IL-4, as a result 
of which increased Th2 lymphocyte synthesis and 
decreased Th1 lymphocyte synthesis can observed. 
Vitamin D also inhibits Th17 synthesis and activates 
increased Treg synthesis [40].

Th1s are lymphocytes that synthesize interleukin 
2 (IL-2), IFNγ, interferon α (IFN-α). While Th2 
lymphocytes synthesize interleukin 3 (IL-3), IL-
4, interleukin 5 (IL-5) and IL-10. T cells that secrete 
interleukin 17 (IL-17) are Th17 lymphocytes. Vitamin 
D affects the suppression of IL-17 transcription during 
gene expression, thus reducing the production of IL-17. 
The inhibition of IL-17 synthesis results in the reduction 
of autoimmune processes in the body [36]. The correct 
vitamin D level regulates the physiologically correct 
balance of cytokine production [28].

Treg lymphocytes are responsible for stimulating 
the correct immune response. Their mechanism is part 
of the control of inflammatory processes, reactivity 
and sensitivity to the body’s own antigens. Vitamin 
D can affect the synthesis of Treg lymphocytes by 
antigen-presenting cells or by expression of genetic 
factors conditioning the synthesis of regulatory T 
lymphocytes. Antigen-presenting cells increase the 
synthesis of IL-10, which stimulates the synthesis of 
Treg. Vitamin D can influence the transcription factor 
Forkhead box protein E3 (FOXE3, which determines 
the secretion of Treg [12,45]. 

It has been suggested that 1,25(OH)2D3 has an 
immunomodulatory effect. Prietl et al. [50] assessed 
whether high-dose supplementation with vitamin D3 
has an effect on autoimmune processes by influencing 
the mechanism of regulatory lymphocytes CD4+ 
FoxP3+ (Treg). 60 healthy people were qualified for 
the study and were randomly divided into two groups. 
The study group (n=30) received vitamin D3 (140,000 
IU/month), while the control group (n=30) received 
a placebo. Prietl et al. [50] also assessed the safety of 
this supplementation and its effect on the metabolism 
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of other immune cells (including monocytes, dendritic 
cells). After 3 months, a 116% increase in the 
vitamin D3 level in serum was observed in the study 
group. Additionally, in these patients, an increase 
in regulatory T cells was assessed, which was not 
interfering with the function of other immune cells. 
The appropriate serum 25(OH)D concentration was 
associated with an increase in Treg cells, which are 
crucial in the treatment of autoimmune diseases.

THE RELATIONSHIP BETWEEN THE 
IMMUNE RESPONSE  

AND GUT MICROBIOTA

Vitamin D has an effect on the condition of 
connections of the intestinal epithelial cells. The 
action of vitamin D increases the synthesis of the 
zonulin protein. Zonulin connects intestinal epithelial 
cells and determines the connections integrity with the 
intestinal epithelial tissue. Increasing the connections 
integrity between the epithelial cells reduces the 
penetration of pathogens through the intestinal 
barrier, which significantly reduces the possibility 
of inflammation. The described mechanism exerts 
a significant effect on immunological processes and 
is considered a predisposing factor in the occurrence 
of autoimmune diseases. Changes in serum vitamin 
D levels affect the barrier in different, often opposite 
ways. Vitamin D deficiency may be associated with 
the increased permeability of the intestinal wall to 
pathogenic substances, resulting in a decreased anti-
inflammatory effect, which may then contribute to the 
intensification of autoimmune processes [59, 61].

Genetic predispositions can influence the 
metabolism and concentration of vitamin D, the 
connection integrity of intestinal epithelial cells, 
and the immune activity level in the body. Low 
plasma vitamin D levels increase the penetration of 
microorganisms through the intestinal epithelium 
walls, and also stimulates immune activity. The 
stimulated immune activity increases the likelihood 
of an autoimmune reaction. On the other hand, the 
increased penetration of pathogenic substances 
through the intestinal walls indirectly increases 
the body’s immune activity, which can lead to the 
development of autoimmune diseases. A deficiency of 
vitamin D also influences changes in the microbiome 
composition, which increases the microbes’ ability 
to penetrate the intestinal barrier. As a result of the 
increased diffusion of microorganisms, the immune 
system is activated, and can trigger an autoimmune 
reaction. All of these consequences of low vitamin 
D levels in plasma contribute directly or indirectly to 
the intensification of autoimmune processes, and the 
occurrence of vitamin D-related diseases [59].

AUTOIMMUNE DISEASES

A meta-analysis by Skaaba et al. [55] reviewed 
studies on patients with selected autoimmune diseases, 
including: psoriasis, autoimmune thyroid disorders 
(AITD), type 1 diabetes, multiple sclerosis, iritis, 
IBD, and RA. The meta-analysis assessed the plasma 
vitamin D levels in patients with these diseases. In 
each of these disease entities, the exact relationship 
with the vitamin D levels was different and resulted 
from the vitamin effect on the pathophysiological 
processes characteristic of a given disease entity. In 
the case of autoimmune diseases of the thyroid gland, 
a relationship was observed between the vitamin D 
levels and the development of diseases. However, in the 
case of IBDs and RA, the conclusions are ambiguous. 
The authors of this meta-analysis confirmed 
a significantly lower incidence of autoimmune diseases 
in the case of higher vitamin D levels in the blood of 
the tested subjects, while vitamin D deficiencies were 
associated with an increased risk of developing these 
diseases in the future.

Autoimmune diseases of the thyroid gland
Autoimmune diseases of the thyroid gland include, 

among others, chronic lymphocytic thyroiditis (for 
example, Hashimoto’s thyroiditis (HT)), and Graves’ 
disease. The prevalence of these diseases is 5% of 
the overall population, and the observed vitamin 
D deficiency in 70% of patients those autoimmune 
diseases. The autoimmune process in the thyroid 
gland usually takes the form of lymphocytic infiltrates 
with the presence of antibodies against thyroid cells, 
for example antibodies against thyroglobulin (anti-
Tg), thyroid stimulating hormone (TSH) receptor 
(anti-Tr) and thyroid peroxidase (anti-TPO) [6]. There 
are also disturbances in the production of thyroid 
hormones. In the case of autoimmune thyroid diseases, 
increased serum TSH levels and decreased levels of 
triiodothyronine (T3) and tyrosine (T4) are observed. 
TSH is secreted by the pituitary gland, and coordinates 
secretion of hormones by the thyroid gland [34].

Vitamin D plays a significant role in the pathogenesis 
of these diseases through anti-inflammatory activity. 
For example, in HT, increased levels of anti-TPO and 
anti-Tg have been observed in the blood. In addition, 
there is a characteristic presence of thyroid lymphocytic 
infiltrates caused by cytokines synthesized by Th1 
lymphocytes (IL-2, IFN-γ, TNF-α). In the case of 
Graves’ disease, cytokines are synthesized by Th2 
lymphocytes (IL-1, IL-5, IL-10), which stimulate the 
secretion of anti-Tr [6]. 

The mechanism of vitamin D reduces the 
proliferation of B lymphocytes in plasma cells, which 
reduces the amount of secreted antibodies affecting 
the development of autoimmune reactions within the 
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thyroid gland. In addition, the mechanism of vitamin 
D is associated with a reduction in the secretion of pro-
inflammatory cytokines by Th1 lymphocytes, and an 
increase in the secretion of specific anti-inflammatory 
cytokines by Th2 [6,41].

Hashimoto’s disease
A relationship between the concentrations of vitamin 

D, TSH and anti-TPO was observed in the course of 
Hashimoto’s disease. In patients with a vitamin D 
deficiency there is a much higher concentration of 
TSH and anti-TPO in the blood [8]. Due to limited data 
on the impact of vitamin D supplementation on the 
development of AITD, Chaudhary et al. [11] assessed 
the effectiveness of vitamin D supplementation in 
patients with newly diagnosed AITD. The subjects 
were divided into a control group (n=51), and a study 
group (n=51). The participants in the study group 
received cholecalciferol at a dose of 60,000 IU per 
week for a period of 8 weeks. The authors of this study 
observed a reduction in anti-TPO values compared 
to the baseline concentration in the study group. In 
an unhealthy group with a baseline serum TSH ≤ 10 
mIU, a much greater decrease in anti-TPO values 
was observed. According to Chaudhary et al. [11], 
the above dependence was caused by the severity of 
the disease. In the case of patients in the early stages 
of AITD, whose serum TSH concentration does not 
exceed 10 mUI, vitamin D3 supplementation will be 
the most beneficial. 

El Rawi et al. [18] assessed the relationship 
between abnormal vitamin D levels in the plasma 
and the incidence of hypothyroidism in the course of 
Hashimoto’s disease. As part of their study, a clinical 
picture of the thyroid gland and the concentration 
of triiodothyronine, thyroxine, TSH, anti-TPO, and 
anti-Tg were assessed. The participants were divided 
into a study group (n=35), consisting of patients with 
hypothyroidism, and a control group (n=35), composed 
of healthy people. The scientists found a relationship 
between vitamin D levels and the occurrence of 
hypothyroidism. The authors of this study estimated 
that higher plasma vitamin D levels were associated 
with lower anti-TPO and anti-Tg secretion. However, 
no correlation was found between the blood vitamin D 
and TSH levels. Low vitamin D levels were associated 
with a lower thyroid weight and a larger area of 
nodularity. T3 and T4 hormones levels were higher 
with the increase of vitamin D levels in the blood. 

Kim et al. [38] also assessed the relationship of 
vitamin D levels in the blood and AITD. The study 
group involved the Korean population (n=4181) and 
was based on a comparative analysis of patient study 
results. The authors found no correlation between 
vitamin D levels and the incidence of autoimmune 
hypothyroidism. 

Simsek et al. [54] assessed whether vitamin D 
supplementation reduced the severity of autoimmune 
diseases of the thyroid gland. The group that qualified 
for the study consisted of people with diagnosed AITD, 
who were additionally diagnosed with a vitamin D 
deficiency (<20 ng/mL). The subjects were randomly 
divided into a study group (n=46), which received 
a daily dose of 1,000 IU of vitamin D for a period of 
1 month, and a control group (n=36), which did not 
receive supplementation. In the patients receiving 
vitamin D, lower levels of anti-TPO and anti-Tg were 
observed as compared to the control group. The authors 
did not observe any significant changes in TSH, T3, T4 
concentrations during the study. It has been suggested 
that vitamin D deficiency is associated with the 
pathogenesis process of autoimmune thyroid disease.

Inflammatory bowel disease
Inflammatory bowel diseases (IBDs) are 

autoimmune diseases caused by a genetic predisposition 
that affects the immune mechanisms of the intestinal 
barrier and the microbiome. Inflammatory bowel 
diseases include Crohn’s disease (CD) and ulcerative 
colitis (UC). The diseases are differentiated according 
to the area of the gastrointestinal tract in which the 
inflammatory changes are observed. In the case of CD, 
the inflammatory foci occur in all parts of the digestive 
system – the mouth, throat, esophagus, stomach, small 
intestine and large intestine. Most often, though, CD 
occurs in the final section of the small intestine. In 
CD, inflammation in all layers of the intestinal wall 
is observed. In contrast, UC affects only the mucosa 
of the large intestine. The course and severity of the 
diseases are associated with gastrointestinal symptoms. 
The most common symptoms of UC are diarrhea, end-
digestive bleeding, weight loss, weakness, and fever. 
In the case of CD, symptoms include fever, weakness, 
weight loss, diarrhea, vomiting and ulceration. The 
symptoms are related to the part of the digestive system 
that is affected by the inflammation, and depend on the 
intensity of the inflammation [4, 43]. 

Mechie et al. [43] assessed whether vitamin D 
levels in the plasma had an effect on the activity of IBD 
(UC, CD). The study group consisted of 233 patients 
with IBD. Vitamin D deficiency was diagnosed in 
54% of patients. Lower vitamin D levels (<20 ng/
mL) were observed more frequently in patients with 
UC compared to patients with CD. The authors of the 
study showed a relationship between higher plasma 
vitamin D levels and remission in those IBDs. The 
scientists presented a disease activity scale depending 
on vitamin D concentration. In CD, the value > 19 ng/
mL 25(OH)D was assessed by the authors as a clinical 
remission, and > 26 ng/mL as deep remission. In UC, 
concentration of 25(OH)D >32 ng/mL was defined as 
a state of clinical remission. The authors of this study 
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speculated that when disease exacerbated, plasma 
vitamin D levels fell, reaching the levels seen with 
severe vitamin D deficiencies. In case of remission, an 
increase in vitamin D levels in the blood is observed. 

Janssen et al. [32] assessed the effect of vitamin 
D levels on IBD activity and plasma vitamin D 
levels depending on the season of the year. Their 
study included 384 patients enrolled in the first blood 
vitamin D measurement, and 208 enrolled in the 
second measurement after 24 months. The scientists 
found vitamin D deficiencies in 63% of CD patients, 
and 7% in patients with UC. Additionally, differences 
in plasma vitamin D levels depending on the season 
were determined, with a deficiency associated with 
the spring and winter seasons. The reduced activity 
of IBD was associated with an increase in plasma 
vitamin D levels in CD. The scientists observed lower 
plasma vitamin D levels when the disease was active, 
compared to when it was in its remission state. 

Martin et al. [42] assessed the effectiveness of 
high-dose supplementation of vitamin D in children 
diagnosed with IBD. The study group consisted of 
children (n=23) aged 3-16 who were administered 
vitamin D in a single dose of 100,000-800,000 IU. 
The appropriate dose was selected depending on the 
patient’s body weight. Martin et al. [42] observed an 
increase in blood vitamin D levels in all subjects within 
a period of 1-2 months after its administration. The 
scientists noted decreased value in the inflammatory 
markers: the number of platelets, C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), 3 months 
after the vitamin D’s administration and a decrease in 
disease activity. 

Jørgensen et al. [35] conducted a randomized,  
double-blind study on the effect of vitamin D 
supplementation on the course and severity of symptoms 
in patients with CD. The subjects were randomized into 
2 groups. The study group (n=46) took a daily dose of 
1,200 IU of vitamin D for a period of 12 months, and 
the control group (n=48) took a placebo. The scientists 
observed a significant increase in the blood vitamin D 
levels in the study group, and a reduction in relapses 
from 29% to 13%. The authors of the study suggest 
introducing a safe supplementation dose to supplement 
the IBD treatment. 

In the studies conducted so far, the adverse effect 
of vitamin D deficiency on the course and intensity 
of symptoms in IBD was observed. There is a need to 
conduct clinical trials on the impact of supplementation 
with specific doses of vitamin D on the condition of 
IBD patients, and to develop specific guidelines on 
supplementation [35,51,58,59].

Rheumatoid arthritis 
Rheumatoid arthritis is an autoimmune disease that 

affects the cells of the joints. It is associated with chronic 

inflammation in the joints. RA occurs in 0.3-1% of the 
overall population, more often in women. The exact 
pathogenesis of the disease is not known, however, 
environmental factors and genetic predisposition are 
believed to be the causes.  The clinical picture of the 
disease is the presence of synovial infiltration caused 
by the immune system cells, such as macrophages, 
T cells, B cells, dendritic cells and neutrophils. The 
infiltrations are associated with damage to joint tissue, 
and pain. The main symptoms include severe pain in 
the symmetrical joints, most often in the arms and 
legs, and joint stiffness. Additionally, symptoms of 
low-grade fever, or fever, muscle pain, and fatigue 
are observed. Inflammatory changes also occur in the 
tendons, ligaments and synovial bursae. The occurrence 
of inflammation within the above-mentioned elements 
causes the damage and disappearance of the function 
of the locomotor apparatus. The inflammation caused 
by RA is, among other things, caused by IL-17 and 
interleukin 23 (IL-23). Rheumatoid arthritis markers 
are anti-citrullinated peptide antibodies (ACPA) in 
plasma, also known as anti-CPP, and the presence 
of rheumatoid factor (RF) in the serum. Antibodies 
are not present in all patients, but their occurrence is 
associated with a more severe course of the disease. In 
the case of RA, increased erythrocyte sedimentation 
rate (ESR) and CRP are also observed [19,29]. 

Hong et al. [29] assessed the relationship between 
serum 25(OH)D concentration and pro-inflammatory 
cytokine activity in the course of RA. A total of 130 
patients with RA and 80 people constituting a control 
group were enrolled in the study. A vitamin D 
deficiency was found in 98.5% of RA subjects. Hong 
et al. [29] found that the disease was more active, with 
more severe pain symptoms, in RA patients with lower 
plasma vitamin D levels. The researchers also observed 
an inverse relationship between vitamin D levels 
and the synthesis of IL-17 and IL-23. The increase 
in interleukin levels was observed with exacerbation 
of the disease. The authors speculate that vitamin D 
deficiency can influence the pathogenesis of RA.

Yang et al. [60] analyzed the relationship between 
the vitamin D levels in the blood and the risk of RA’s 
recurrence. The study included 377 participants who 
were divided into two groups according to their plasma 
vitamin D concentration. The group with normal 
vitamin D levels (n=168) was separated from the blood 
vitamin D deficiency group. The group with inadequate 
concentration of vitamin D was randomly divided into 
two groups. In the first group (n=84), vitamin D was 
administered in the form of alfa-calcidol in a twice-
daily dose of 0.25 µg for 24 months. The second group 
(n=88) did not receive vitamin D supplementation. 
Yang et al. [60] found a relationship, and concluded 
that as vitamin D levels in the body decreased, the risk 
of the disease’s recurrence increased. The relapse rate 
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was 16.7% in the patients with normal serum vitamin 
D levels, 19% in the patients with hypovitaminosis 
receiving supplementation, and 29.5% in the patients 
not receiving supplementation. 

Di Franco et al. [15] assessed the effect of serum 
vitamin D levels on the diagnosis and progression of the 
disease in patients with RA. Observation of the study 
group (n=37) lasted 12 months. The pharmacological 
treatment of RA included corticosteroids (prednisone 
of up to 10 mg/day), and methotrexate (MTX) at 
a dose of 7.5-15 mg/week. The authors showed that RA 
patients with hypovitaminosis occurring from the early 
stages of the disease are more prone to acute disease, 
and less prone to treatment and remissions. 

On the basis of observations of 1,191 RA patients, 
Rossini et al. [52] estimated that the occurrence of 
deficiencies in patients is common and reaches 40-
50%. In addition, the authors of this study showed that 
as plasma vitamin D levels increased, disease activity 
and physical disability decreased. 

Khajoei et al. [37] assessed the effect of the 
concentration of vitamin D, adiponectin, copper and 
zinc in the plasma on RA activity. The study group 
consisted of people diagnosed with RA (n=90), 
and a control group (n=30) composed of healthy 
people characterized by a lack of elevated levels of 
IgM rheumatoid factor and plasma anti-CCPs. The 
condition for participation in the study was the patients’ 
declaration that they had not supplemented vitamin 
D and calcium during the last 2 months. Disease 
activity was assessed using the Disease Activity Score 
28-joint count (DAS28). The study group continued 
pharmacological therapy of RA with the following 
drugs: MTX 7.5–25 mg weekly; sulfasalazine 500-
3000 mg daily, and hydroxychloroquine 200 mg 
daily. Participants from the study group were divided 
according to the disease’s clinical status: remission 
(n=22); mild disease activity (n=20); moderate disease 
activity (n=32), and severe disease (n=16). When 
assessing the concentration of copper and zinc in 
the serum, the authors of this study did not notice 
any significant differences. The adiponectin levels 
increased with increasing disease activity. Vitamin D 
concentration averaged 35 ng/mL in the control group. 
In the study group, in disease remission, the vitamin D 
levels were 32.5 ng/mL; in mild disease the level was 
19 ng/mL; in moderate disease the level was 20 ng/mL, 
and 14.5 ng/mL in severe disease. The authors of this 
study showed a decrease in plasma vitamin D levels in 
patients with mild, moderate and severe disease. The 
differences between the groups were slight. 

Herly et al. [27] assessed the effect of the 
concentration of active vitamin D metabolites in 
plasma on the activity of RA. The study group (n=160) 
consisted of people with RA who had never been 
treated and had not received vitamin D and calcium 

supplementation. The concentration of vitamin D 
metabolites (25OHD2, 25OHD3 and 1.25(OH)2D) 
was assessed and the total vitamin D levels were 
calculated as the sum of 25OHD2 and 25OHD3. Each 
study participant underwent tests in which disease 
activity was assessed on the basis of, among other 
things, DAS28-CRP and CRP protein concentration, 
anti-CCP, and RF. Herly et al. [27] showed low total 
vitamin D levels in 42% of the subjects (<50 nmol/L). 
Low 1.25(OH)2 concentration was associated with 
low total vitamin D levels. However, the authors of 
the study observed a low percentage of people with 
low 1.25(OH)2 levels, and a relationship between 
the blood 1.25(OH)2 levels with disease activity 
(DAS28-CRP), and the CRP levels. Both parameters 
showed a downward trend with an increase in the 
concentration of 1.25(OH)2. Herly et al. also showed 
a significant relationship between the 1.25(OH)2D and 
the concentration of anti-CCP. As the concentration of 
1.25(OH)2D increased, the concentration of anti-CCP 
decreased.

CONCLUSIONS

Vitamin D deficiencies in the body exacerbate 
inflammation-promoting responses and disturb the 
balance of anti-inflammatory activity in the immune 
system. This increases the chances of inflammation, 
and therefore, autoimmune diseases. The analyzed 
literature shows that it is important to maintain the 
proper concentration of vitamin D in the plasma to 
reduce the risk of developing autoimmune diseases. 
This conclusion was demonstrated by the authors of 
the studies analyzed herein, in relation to autoimmune 
thyroid disease, IBD and RA. Vitamin D levels 
influenced the course of these diseases, the severity 
of the symptoms, and the frequency of relapses. In 
the case of AITD and RA, the authors of the studies 
demonstrated the effect of low plasma vitamin D levels 
on the increase in the amount of secreted antibodies, 
which in turn determined disease activity. Low vitamin 
D levels were also associated with a higher incidence 
of relapses in IBD and RA. The relationships between 
lower vitamin D levels and a greater degree of damage 
and nodular changes in the thyroid gland in AITD, 
as well as a greater degree of motor disability in RA, 
were all shown. The studies’ authors also observed an 
increase in the secretion of IL-17 and IL-23, anti-CCP, 
and an increased risk of relapse in the presence of lower 
blood vitamin D levels in RA. The studies showed the 
positive effect of vitamin D supplementation in IBD 
patients. This beneficial effect was associated with the 
reduction of inflammatory markers such as: platelet 
count, CRP, and ESR. The timely correction of vitamin 
D deficiencies was associated with a better response to 
pharmacological treatment and a reduction in symptoms 
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in RA patients. The authors of the analyzed studies 
emphasize the importance of maintaining correct 
blood vitamin D levels and preventing deficiencies 
that may worsen the symptoms of the diseases, or 
cause development of an autoimmune disease. In the 
case of insufficient amounts of vitamin D supplied 
to the body, supplementation is recommended. The 
supplementation should be consulted with a physician 
and selected on an individual basis.
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