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Abstract: Autoimmune Thyroiditis (AIT) is a prev-
alent autoimmune disorder characterized by an immune 
response targeting the thyroid gland. Genetic factors play 
a significant role in AIT susceptibility, with immune-re-
lated genes, especially the vitamin D receptor (VDR) 
gene, potentially influencing AIT development. This 
comprehensive review delves into the intricate associ-
ation between VDR gene polymorphisms, particularly 
rs2228570 (FokI), and AIT susceptibility, exploring var-
ious populations. Research has unveiled contrasting out-
comes regarding the link between the VDR rs2228570 
polymorphism and AIT risk across diverse ethnic 
groups. Certain populations have exhibited a noteworthy 
correlation, suggesting that population-specific genetic 
factors contribute to AIT risk. A recurring observation of 
vitamin D deficiency in AIT patients has correlated with 
elevated anti-thyroid antibodies, abnormal thyroid func-
tion, and thyroid volume. The results emphasize the pos-
sible role of vitamin D in the development of AIT, sug-
gesting the importance of vitamin D supplementation to 
address deficiencies associated with AIT. In addition to 
VDR rs2228570, other genetic variants have also shown 
associations with AIT susceptibility, displaying varying 
results across different populations. Ethnicity emerges 
as a pivotal factor influencing these associations, under-
scoring the need to consider genetic variations in diverse 
populations. We emphasize the intricate interplay be-
tween VDR gene polymorphisms, vitamin D, and AIT 
susceptibility. Extensive research is essential to unveil 
the clinical significance of these genetic variations, of-
fering prospects for enhanced diagnostic and therapeutic 
strategies for individuals with AIT.

Keywords: VDR Gene, SNP, Vitamin D, Autoim-
mune Thyroiditis.

INTRODUCTION
Autoimmune thyroiditis (AIT) is a widespread 

pathological condition characterized by an autoim-

mune response targeting the thyroid gland (1,2). Ge-
netics is a key factor contributing to the development 
and progression of AIT (3). Research suggests that 
various immune-related genes play a role in the ge-
netic predisposition to Autoimmune Thyroiditis (AIT) 
(4). The vital involvement of the vitamin D receptor 
(VDR) and its system is integral to the inflammatory re-
sponse mechanism that leads to autoimmunity. Among 
autoimmune thyroid diseases (AITDs), Hashimoto’s 
Thyroiditis (HT), or Autoimmune Thyroiditis (AIT), 
stands out as the most widespread manifestation. The 
origins of AIT are multifaceted and not entirely under-
stood. However, it is widely believed that there is an 
interplay between environmental factors and genetic 
predisposition in its development (5).

Environmental factors, including the use of certain 
medications, iodine intake, exposure (6) to radiation 
(7), viral infections (8), and hormonal influences (9), 
can directly impact the function of thyrocytes. These 
factors may have detrimental effects on the immune 
system and can disrupt its normal functioning, leading 
to the development of AIT. Overall, the pathogenesis 
of AIT involves a complex interplay between genetic 
factors, particularly immune-related genes, and envi-
ronmental influences. Additional investigation is re-
quired to clarify the complex mechanisms underlying 
the development and progression of AIT, which could 
potentially lead to improved diagnostic and therapeu-
tic approaches for individuals affected by this autoim-
mune thyroid disorder. Genetic factors play a signifi-
cant role, accounting for approximately 70-80% of the 
disease development in autoimmune disorders. Like 
many other autoimmune diseases, certain conditions, 
such as autoimmune thyroiditis (AIT), affect females 
more frequently. Vitamin D is now recognized for its 
pleiotropic effects, meaning it has multiple functions 
and impacts various aspects of health. The literature 
confirms the potential link between vitamin D and the 
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incidence of thyroid diseases, specifically autoimmune 
thyroid diseases (AITD) (10).

Moreover, the correlation between vitamin D 
receptor (VDR) polymorphism and various autoim-
mune disorders has been extensively studied. VDR 
polymorphisms have also been implicated in autoim-
mune thyroiditis. However, the impact of VDR single 
nucleotide polymorphisms (SNPs) on susceptibility to 
autoimmunity can vary among different populations 
and ethnicities. VDR gene SNPs have a significant 
contribution to numerous diseases (11). It is important 
to note that further research is needed to fully under-
stand the specific mechanisms by which VDR SNPs 
influence autoimmunity and their potential implica-
tions for individuals with autoimmune thyroiditis. The 
interplay between genetic factors, vitamin D, and their 
association with autoimmune disorders is a complex 
and evolving field of study. The Vitamin D receptor 
(VDR) is a receptor located within the cell nucleus. 
The VDR gene is on chromosome 12q13.1 and com-
prises 11 exons (12). Researchers have focused their 
investigations on genetic variations in the regulato-
ry regions of the VDR gene, collectively known as 
VDR polymorphisms. These polymorphisms involve 
changes in a single nucleotide and have been exten-
sively studied in relation to various diseases, including 
AITDs. Approximately sixty VDR SNPs have been 
identified thus far. Some notable SNPs associated with 
an increased risk of AITD include FokI rs2228570, 
ApaI rs7975232, TaqI rs731236, and BsmI rs1544410. 
In addition, these genetic variants have been linked to 
a higher susceptibility to developing AITD. In this re-
view, we summarize the association between Vitamin 
D and VDR gene genotypes.

VITAMIN D LEVELS 
IN AUTOIMMUNE THYROIDITIS

Vitamin D contributes significantly to numerous 
diseases (13, 14). Vitamin D, through its active form 
1,25(OH)2D, exerts regulatory influence over a wide 
range of biological functions, extending beyond main-
taining bone mineral balance. These roles include 
overseeing hormone secretion, adjusting the immune 
response, and coordinating cellular proliferation and 
differentiation. Recently, there has been increasing 
recognition of the diverse functions of vitamin D and 
its active metabolites across various bodily tissues. 
This finding has led to the recognition that most tis-
sues throughout the body possess receptors known 
as vitamin D receptors (VDRs), referring to the ac-
tive form of vitamin D as 1,25 dihydroxy vitamin D 
[1,25(OH)2D] or calcitriol. These VDR-containing 
tissues are considered potential target areas, highlight-

ing the multifaceted impact of vitamin D on the body’s 
overall function (15).

Particularly, vitamin D suppresses proliferation 
and immunoglobulin production while inhibiting the 
differentiation of B cell precursors into plasma cells. 
This ability of 1,25(OH)2D to dampen the adaptive 
immune response offers advantages in situations where 
the immune system mistakenly targets the body’s tis-
sues, as seen in autoimmune disorders (16).

An analysis of a study conducted in the Hungar-
ian population revealed markedly higher vitamin D 
deficiency among individuals diagnosed with autoim-
mune thyroid diseases (AITDs) compared to healthy 
individuals. Specifically, deficiency was found in 72% 
of AITD patients, while only 30.6% of healthy individ-
uals exhibited the same condition (P < 0.001). Within 
the AITD group, patients with Hashimoto’s thyroiditis 
displayed a higher prevalence of vitamin D deficiency 
than those with non-AITDs. Among Hashimoto’s thy-
roiditis patients, 79% had a deficiency, whereas only 
52% of non-AITD patients had the same deficiency 
(P<0.05). This analysis also revealed a correlation be-
tween vitamin D deficiency and the presence of anti-
thyroid antibodies, indicating an association between 
these factors (P = 0.01). Additionally, abnormal thy-
roid function tests were linked to vitamin D deficien-
cy, although the correlation was slightly weaker (P 
= 0.059). The analysis provided evidence of signifi-
cantly low levels of vitamin D among patients with 
AITDs, particularly those with antithyroid antibodies 
and abnormal thyroid function tests. Recent research 
suggests vitamin D’s involvement in AITD develop-
ment and indicates potential benefits of vitamin D sup-
plementation for managing these conditions (17).

In an investigation of the relationship between 
25OHD levels and Hashimoto’s thyroiditis (HT) in 
three groups - HT patients on L-thyroxine (LT), new-
ly diagnosed HT patients, and healthy volunteers - the 
results demonstrated that HT patients on levothyrox-
ine (LT) had significantly diminished levels of 25-hy-
droxyvitamin D (25OHD) compared to both recently 
diagnosed HT patients and healthy controls. Higher 
25OHD levels were associated with larger thyroid 
volume and lower levels of anti-TPO and anti-TG 
antibodies. Severe 25OHD deficiency was observed 
in a significant proportion of HT patients as well as 
in a smaller percentage of the control group. Further-
more, the study identified gender differences, with 
female HT patients having the lowest 25OHD levels 
and male controls having the highest levels. The find-
ings demonstrate that individuals with HT exhibit a 
higher occurrence and severity of vitamin D insuffi-
ciency than healthy controls. Additionally, the extent 
of 25OHD deficiency is associated with the duration 
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of Hashimoto’s Thyroiditis (HT), thyroid volume, 
and antibody levels. These findings imply a possible 
involvement of 25OHD in the onset of HT and its pro-
gression towards hypothyroidism (18).

The level of 25(OH)D3 independently influences 
the presence of TPOAb in individuals with AITDs. A 
study in the Korean population revealed that patients 
with increased anti-thyroid antibodies had lower lev-
els of serum 25(OH)D3 compared to those without 
elevated antibodies (p < 0.001). Interestingly, there 
was a negativecorrelation between 25(OH)D3 and an-
ti-thyroid antibody (TPOAb) levels in the group with 
autoimmune thyroid diseases (AITDs) (r = -0.252, p 
< 0.001), but no such correlation was observed in the 
group without AITDs (r = 0.117, p = 0.127), after ac-
counting for age, sex, and body mass index. Further-
more, the concentration of 25(OH)D3 was considered 
an independent causative factor linked to the presence 
of TPOAb in the AITDs group, even after considering 
other factors that could impact the presence of TPOAb.

In conclusion, this suggests that vitamin D de-
ficiency is more closely associated with the level of 
anti-thyroid antibodies rather than the thyroid function 
itself. The study proposes vitamin D as an immuno-
modulatory agent in autoimmune thyroiditis, and fur-
ther research is required to understand the mechanisms 
and establish clarity. Notably, a significant association 
between anti-thyroid antibody levels and 25(OH)D3 
was observed only in the group with AITDs. This 
finding may be attributed to the Korean population’s 
generally low vitamin D levels. Interestingly, the cor-
relation between 25(OH)D3 levels and anti-thyroid 
antibodies is also observed within the range of vitamin 
D deficiency (19).

VITAMIN D LEVELS 
AND FOKI (rs2228570) SNP

Studies suggest that genes’ SNPs, including the 
VDR gene SNP, are associated with numerous condi-
tions (20-23). Research has revealed a correlation be-
tween serum vitamin D levels and the manifestation 
of AITDs. Studies have shown that individuals with 
lower serum vitamin D levels are more likely to exhib-
it symptoms of AITDs (24). As an immunomodulator, 
vitamin D plays a crucial role in initiating and pro-
gressing AITD. Patients with AITD often exhibit de-
ficiencies in vitamin D levels. Additionally, a correla-
tion exists between vitamin D deficiency and elevated 
levels of antithyroid antibodies and increased thyroid 
volume, influencing the duration and severity of HT, a 
common form of AITD (25).

The immunomodulatory properties of vitamin 
D and its impact on various disease manifestations, 

including AITD, underscore the need for further re-
search. Understanding precisely how vitamin D defi-
ciency influences AITD development and progression 
can aid in developing targeted interventions and per-
sonalized treatment strategies for individuals affected 
by these autoimmune thyroid disorders.

A study conducted in western Ukraine, including 
153 patients with various thyroid disorders, revealed 
that patients diagnosed with hypothyroidism and pos-
sessing the AA genotype had notably lower levels of 
Vitamin D, decreased by 18.8%, irrespective of the 
underlying cause of their condition, whether postop-
erative or autoimmune. This finding suggests that low 
levels of Vitamin D contribute to the exacerbation of 
thyroid insufficiency in these individuals. Additional-
ly, the study demonstrated that different thyroid pa-
thologies exhibited variations in Vitamin D levels.

Comparing patient groups to a control group, in-
dividuals with postoperative hypothyroidism displayed 
significantly decreased Vitamin D levels, approximate-
ly 1.89 times lower. Similarly, patients with hypothy-
roidism induced by Hashimoto thyroiditis showed a 
significant reduction in Vitamin D levels, approximate-
ly 2.05 times lower than the control group (26).

These findings underscore the significance of Vi-
tamin D in thyroid health and suggest that insufficient 
levels of this vitamin may contribute to the onset and 
development of autoimmune thyroid disorders, espe-
cially Hashimoto’s thyroiditis. The study highlights 
differences in Vitamin D levels among various thyroid 
pathologies, indicating the need for tailored approach-
es to managing and treating these conditions.

In the Serbian population, a study involving 44 fe-
male patients diagnosed with Hashimoto’s thyroiditis and 
exhibiting reduced or deficient Vitamin D levels showed 
a significant difference in the VDR-Fokl polymorphisms 
compared to control subjects (p-value < 0.05). This find-
ing suggests a notable correlation between the VDR-
Fokl polymorphisms and the development of Hashimoto 
thyroiditis. Moreover, individuals with the VDR-Fokl 
polymorphism were at a higher risk of developing the 
disease, with an odds ratio of 4.472 (27).

Similarly, in the Asian population, particularly 
among the Japanese, investigating the CC genotype 
and C allele frequencies for the VDR rs2228570 poly-
morphism revealed interesting results. The researchers 
found a higher prevalence of these polymorphisms in 
Hashimoto thyroiditis patients with low serum Vitamin 
D levels compared to the healthy group (p-values = 
0.0174 and 0.0458, respectively). The CC genotype was 
found to contribute to autoimmune thyroid destruction 
directly, while the C allele was associated with increased 
interleukin 12 (IL-12) production, leading to cytotoxic 
T cell and Th1 cell-mediated thyroid destruction (28).
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This information sheds light on the underlying 
mechanisms and pathogenesis of the disease, suggest-
ing that immune regulation mediated by VDR is sup-
pressed in patients with Hashimoto thyroiditis.

Interestingly, a similar distribution of the VDR-
Fokl genotype was noticed in the Chinese and Japanese 
populations. Lin et al. illustrated that 36.7% of HT pa-
tients in the Chinese population had CC genotypes com-
pared to only 23.3% in the control group. Furthermore, 
they also highlighted a notable disparity in the distri-
bution of VDR SNP genotypes (p-value: 0.0458) (29).

In summary, these studies conducted on the Serbi-
an, Japanese, and Chinese populations provide valuable 
insights into the role of VDR-Fokl polymorphisms and 
VDR rs2228570 polymorphisms in the development 
and pathogenesis of Hashimoto thyroiditis. They es-
tablish a significant association between these genetic 
variations and the disease, highlighting the importance 
of immune regulation mediated by VDR in the occur-
rence and progression of Hashimoto thyroiditis.

Additionally, other SNPs in the VDR gene, in-
cluding rs1544410 (BsmI), rs7975232 (ApaI), and 
rs731236 (TaqI), have shown associations with AITD. 
In particular, a study in the Southwest Chinese Han 
population indicated that the AA genotype and A allele 
of VDR/ApaI significantly correlate with an increased 
risk of developing Graves’ disease (GD). However, no 
significant associations were found between GD and 
other polymorphisms, including FokI, TaqI, and BsmI. 
These findings suggest that VDR mRNA expression 
and levels of secreted cytokines may play a role in GD 
development (24).

A subsequent meta-analysis exploring the rela-
tionship between ethnicity and VDR polymorphisms 
revealed that the rs1544410 polymorphism is linked 
to an increased risk of AITD in Asian populations, 
while African and European populations demonstrat-
ed a decreased risk. Moreover, the rs731236 polymor-
phism was associated with an increased risk of AITD, 
encompassing Hashimoto’s thyroiditis and Graves, in 
both Asian and African populations, while no signif-
icant relationship was detected in European popula-

tions. These findings emphasize the influence of VDR 
polymorphisms on AITD risk, varying based on eth-
nicity, highlighting the importance of considering ge-
netic variations across different populations (30-35).

In conclusion, the altered Vitamin D levels and 
VDR SNP rs2228570 (FokI) may be considered po-
tential risk factors for AITD susceptibility, though 
their association varies among different populations. 
The precise pathogenesis explaining this association 
remains unclear, emphasizing the need for further 
studies to determine the clinical significance of these 
genetic variations across diverse populations.

Abbreviation
AIT — Autoimmune thyroiditis;
VDR — Vitamin D receptor;
AITDs — Autoimmune thyroid diseases;
HT — Hashimoto Thyroiditis;
SNPs — Single Nucleotide Polymorphisms;
1,25(OH)2D — 1,25 dihydroxy Vitamin D;
LT — L-thyroxine;
25OHD — 25-hydroxyvitamin D;
Anti-TPO — Anti-thyroid peroxidase;
Anti-TG — Antithyroglobulin antibodies;
IL-12 — Interleukin 12;
GD — Graves disease;
PCR — polymerase chain reaction;
mRNA — messenger ribonucleic acid.
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Autoimuni tireoiditis (AIT) je rasprostranjeno au-
toimuno oboljenje koje karakteriše imunološki odgovor 
usmeren protiv tireoidne žlezde. Genetski faktori ima-

ju značajnu ulogu u podložnosti za AIT, pri čemu geni 
povezani s imunološkim sistemom, posebno gen za re-
ceptor vitamina D (VDR), potencijalno utiču na razvoj 
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AIT-a. Ova sveobuhvatna analiza istražuje kompleksnu 
povezanost između polimorfizama gena VDR, poseb-
no rs2228570 (FokI), i podložnosti za AIT, istražujući 
različite populacije. Istraživanja su otkrila kontrastne 
rezultate u vezi sa povezanošću polimorfizma VDR 
rs2228570 i rizikom od AIT-a u različitim etničkim 
grupama. Određene populacije su pokazale značajnu 
korelaciju, sugerišući da specifični genetski faktori unu-
tar populacija doprinose riziku od AIT-a. Ponavljano 
zapažanje nedostatka vitamina D kod pacijenata s AIT-
-om povezano je s povišenim antitireoidnim antitelima, 
poremećajem funkcije tireoidne žlezde i zapreminom 
žlezde. Rezultati naglašavaju moguću ulogu vitamina D 
u razvoju AIT-a, sugerišući važnost suplementacije vita-

mina D radi rešavanja nedostataka povezanih s AIT-om. 
Osim VDR rs2228570, i druge genetske varijante su 
pokazale povezanost s predispozicijom za AIT, prikazu-
jući varirajuće rezultate u različitim populacijama. Etni-
citet se ističe kao ključni faktor koji utiče na ove veze, 
ističući potrebu za razmatranjem genetskih varijacija u 
različitim populacijama. Naglašavamo kompleksnu me-
đuigru između polimorfizama gena VDR, vitamina D i 
podložnosti za AIT. Obimna istraživanja su neophodna 
kako bi se otkrila klinička značajnost ovih genetskih va-
rijacija, pružajući mogućnosti za unapređene dijagno-
stičke i terapijske strategije za osobe s AIT-om.

Ključne reči: Gen VDR, SNP, Vitamin D, Autoi-
muni Tireoiditis.
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