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Vitamin D is known to alter immune regulation. It binds to the vitamin D recep-
tors (VDR) expressed on T lymphocytes and macrophages. In individuals with 
Hashimoto’s thyroiditis, serum vitamin D levels were found to be lower compared 
to healthy controls. The study’s objective was to investigate the association between 
VDR gene polymorphism (rs2228570) with blood serum levels of  25-OH vitamin D 
in patients with thyroid pathology from western Ukraine. The study involved a total 
of  153 patients with various forms of  thyroid pathology. 25-OH vitamin D levels 
in the serum of  the patients and healthy individuals were quantified with ELISA 
using the 25-OH vitamin D Total (Vit D-Direct) Test System ELISA Kit (Monobind 
Inc.®, United States, Product Code: 9425-300) on the EIA Reader Sirio S (Seac, 
Italy). Genotyping of  the VDR (rs2228570) gene polymorphism was performed 
using TaqMan probes and TaqMan Genotyping Master Mix (4371355) on CFX-
96™Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., USA). Poly-
merase chain reaction (PCR) for TaqMan genotyping was carried out according 
to the kit instructions (Applied Biosystems, USA). Our research identified that that 
genotype variants of  VDR rs2228570 are not risk factors for reduced serum 25-OH 
vitamin D or vitamin D deficiency in patients with various forms of  thyroid pathol-
ogy patients in the West-Ukrainian population. Vitamin D levels were significantly 
lower in the carriers of  AA and AG genotypes with hypothyroidism caused by au-
toimmune thyroiditis. In AA genotype carriers with postoperative hypothyroidism, 
25-OH vitamin D levels were significantly lower compared to AA genotype carriers 
with autoimmune thyroiditis.
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INTRODUCTION

Hashimoto’s thyroiditis (HT), an autoimmune thyroid disorder (AITD), is one of  the leading causes of  hypothyroidism, affecting up 
to 5% of  the population. HT is known as lymphocytic thyroiditis and presents with diffuse infiltration of  chronic lymphocytic cells 
and elevated serum thyroid antibodies [1]. Current evidence suggests that HT is a multifactorial disorder, meaning it is determined 
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by both genetic and environmental risk factors [2]. For instance, a polymorphism in immunomodulatory genes, such as forkhead box 
P3 (FOXP3), cytotoxic T-lymphocyte-associated protein-4 (CTLA-4), and human leukocyte antigen (HLA) family, were linked to the 
susceptibility to HT [3]. However, the specific contribution of  these and other genetic factors and environmental effects to the develop-
ment of  HT are not yet fully understood.

Vitamin D, besides its well-recognized role in calcium metabolism, also affects immune regulation. It binds to vitamin D receptors 
(VDR) expressed on T lymphocytes and macrophages [4]. In individuals with HT, the serum vitamin D levels were found to be lower 
compared to healthy controls [5]. This inverse association suggests that vitamin D deficiency might be among the environmental factors 
contributing to HT. Moreover, when evaluating this risk factor, its interaction with VDR expression should be taken into account. 

The active form of  vitamin D, 1,25(OH)2D, is a vital immunomodulator since it triggers innate and adaptive immune responses 
through binding to VDR, which is a ligand inducible transcription factor expressed on many immune cells and a member of  the family 
of  trans-acting transcriptional factors. The gene encoding VDR on chromosome 12q13.11 spans approximately 75 kb and contains 
14 exons. Among more than sixty single nucleotide polymorphisms (SNPs) identified in the VDR gene, some, including rs731236, 
rs1544410, rs2228570, and rs7975232, have been linked to AITD risk [5–7]. While these SNPs seem to modify vitamin D action, their 
contribution to AITD is not yet fully defined. 

The association of  the four common VDR SNPs, namely TaqI (rs731236, exon 9, +65058 T > C), ApaI (rs7975232, intron 8,  
+64978 C > A), FokI (rs2228570, exon 2, +30920 C > T), and BsmI (rs1544410, intron 8, + 63980 G > A) with various human traits 
have been intensively studied. These polymorphisms were linked to the risk of  several autoimmune disorders, including rheumatoid 
arthritis, systemic lupus erythematosus, inflammatory bowel disease, diabetes mellitus, and AITD, including HT [5, 8]. However, these 
studies did not analyze the relationship between VDR polymorphisms and vitamin D levels. Therefore, the mechanisms and effects of  
the interaction of  vitamin D and VDR in patients with HT remain unclear. In previous studies, we demonstrated that autoimmune 
thyroiditis (AIT) and hypothyroidism could affect the transcription of  the genes involved in neurogenesis, nerve impulse transmission, 
and cell cycle regulation [8, 10–13]. These changes in gene expression may play a role in the development of  neurological complications 
associated with thyroid pathology. This study aimed to examine the association between a VDR polymorphism (rs2228570) with blood 
serum levels of  25-hydroxy cholecalciferol in patients with thyroid pathology from western Ukraine.

MATERIAL AND METHODS 

Study participants (n=153) were divided into three groups depending on the form of  thyroid pathology. Group 1 (postoperative hypothy-
roidism – PO, n=16) comprised patients with postoperative hypothyroidism; group 2 (AIT with hypothyroidism, n=65) comprised patients 
with hypothyroidism caused by autoimmune thyroiditis; and group 3 (AIT, n=72) comprised patients with AIT accompanied by elevated 
serum antibodies, anti-thyroglobulin, and anti-thyroid peroxidase. The control group (n=25) comprised individuals recruited randomly 
without matching for age or sex. The demographic, clinical, and biochemical characteristics of  the participants are presented in Table 1.

In the individuals of  the study group, hypothyroidism was diagnosed following the 2012 Guidelines from the American Association of  
Clinical Endocrinologists. The AIT diagnosis was based on clinical signs and symptoms, reduced echogenicity on the thyroid sonogram, 
and a positive test for circulating antibodies to thyroid antigens, anti-thyroid peroxidase, and anti-thyroglobulin.

Control group  
(n=25)

Patients with 
postoperative 

hypothyroidism  
(PO, n=16)

Patients with AIT-induced 
hypothyroidism (AIT with 

hypothyroidism, n=65)

Patients with AIT and 
elevated anti-Tg and  
anti-TPO antibodies  

(AIT, n=72)

Age (years) 46.08±14.58 47.30±12.27 46.72±15.49 45.02±13.65

fT4 (pmol/L) 8.91±0.97 3.44±0.31 4.13±0.52 8.51±0.82

TSH (mIU/mL) 2.67±0.52 8.61±0.84 7.09±0.50 2.38±0.62

anti-TPO (IU/mL) 34.04±3.70 36.13±2.78 380.62±73.42 330.36±50.23

anti-TG (IU/mL) 15.32±1.97 15.50±1.90 32.97±4.27 36.38±7.70

Current dose of 
L-thyroxine (μg/day) None 110.95±5.25 88.46±1.55 None

25-OH Vitamin D 39.2±6.58 20.69±3.09 (p<0.001) 19.08±3.144 (p<0.001) 21.48±2.83 (p<0.001)

Table 1. Demographic, clinical, and biochemical characteristics of study participants.

Data are presented as mean ± standard deviation. * p-value between control and study groups.
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Blood samples from the individuals of  both study and control groups were collected in the morning (8 to 10 AM) after an overnight 
fast. Levels of  thyroxine (fT4, normal range 6.0–13.0 pmol/L for males and 7.0–13.5 pmol/L for females), thyroid-stimulating hor-
mone (TSH, normal range 0.3–4.0 mIU/mL), anti-thyroid peroxidase (anti-TPO, normal range 0–30 IU/mL) and anti-thyroglobulin  
(anti-TG, normal range 0–65 IU/mL), were determined on a STAT FAX303/Plus analyzer (Awareness Technology Inc, USA). 

Study and control groups had the following exclusion criteria: age <18 years, presence of  malignancy, inflammation caused by rheumat-
ic diseases or acute/chronic infection, diabetes mellitus, vascular, chronic hepatic or renal diseases, and pregnancy. Individuals taking 
any medications that could interfere with thyroid function were also excluded from the study.

25-OH vitamin D quantification using enzyme-linked immunosorbent assay (ELISA)

25-OH vitamin D levels in the serum of  the patients and healthy individuals were quantified with ELISA using the 25-OH Vitamin D Total 
(Vit D-Direct) Test System ELISA Kit (Monobind Inc.®, United States, Product Code: 9425-300) on EIA Reader Sirio S (Seac, Italy). 

Detection of VDR rs2228570 polymorphism DNA isolation

Venous blood was collected in a sterile Vacutainer and stabilized with K2EDTA. Total DNA was isolated from the blood using 
PREP-RAPID-GENETICS DNA Extraction Kit (DNA-TECHNOLOGY, Russian Federation) following the manufacturer’s protocol. 

DNA amplification and genotyping

The samples were genotyped using TaqMan probes and TaqMan Genotyping Master Mix (4371355; Applied Biosystems, USA) on 
CFX96™Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., USA). Polymerase chain reaction (PCR) according to manu-
facturer’s protocol. TaqMan Genotyping Master Mix contains DNA polymerase AmpliTaq Gold®, dNTPs, reference dye ROX™, and 
buffer ingredients. TaqMan probes are target-specific oligonucleotides with reporter dyes attached to the 5’ end of  each probe: (VIC® 
dye on the 5’ end of  the Allele 1 probe and 6FAM ™ dye on the 5’ end of  the Allele 2 probe), and a non-fluorescent quencher (NFQ) 
the 3’ end of  the probe. Genomic DNA was amplified in a 10 μL reaction mix containing genomic DNA, forward and reverse primers, 
fluorescent probes, and TaqMan Genotyping Master Mix. Genotyping of  the samples performed on the CFX-Manager ™ software 
using the method of  allele discrimination based on the magnitude of  relative fluorescence units (RFU) (Figure 1).

Figure 1. Allelic discrimination analysis is based on the magnitude of relative fluorescence units (RFU). 
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Statistical analysis

The difference between groups was determined using student’s t-test, ANOVA, Pearson’s χ2 test, odds ratio test, relative odds ratio 
test, and equality 0 correlation test. Binary logistic regression was used to calculate the odds ratio and 95% confidence interval (CI).  
P values <0.05 were considered statistically significant.

RESULTS

We analyzed allele and genotype frequencies of  rs2228570 in patients with thyroid pathology and the control group. The relative fre-
quency of  these gene variants did not differ between the groups (Table 2).

The odds ratio (OR) test indicates that the distribution of  AA, AG and GG genotypes do not differ between the study and control 
groups. The AG genotype was predominant in the surveyed population: 41.83% and 36% in the study and control groups, respec-
tively. The homozygous AA genotype was the second most common: 38.56% and 36%, respectively. The GG genotype was the least  
common: 19.61% in the study group and 28% in the control group (p>0.05). 

The frequency of  both alleles did not differ between the groups: among the thyroid pathology patients, 59.48% carried the A allele 
vs. 54% in the control group (p>0.05); the allelic frequencies for the G allele were 40.52% and 46% in the study and control group, 
respectively (p>0.05).

Distribution of  rs2228570 variants in the patients depending on the type of  thyroid pathology showed no significant difference in the 
relative frequency of  this polymorphism among the patients of  PO, AIT with hypothyroidism, and AIT groups (Table 3). 

All patients suffering from hypothyroidism exhibited significantly reduced serum 25-OH vitamin D levels compared to the control 
group: PO - 1.89 times, AIT without hypothyroidism - 1.82 times, and AIT - 2.05 times (Table 1).

Analysis of  serum 25-OH vitamin D levels depending on the study group and genotype showed that in the control group, 25-OH Vita-
min D levels were the lowest in carriers of  the AA genotype, by 17.1% compared with carriers of  the GG genotype (Table 4).

In all groups of  patients, 25-OH vitamin D levels were significantly lower regardless of  genotypes compared to the control group  
(Table 4). For instance, in the study group, there was a significant decrease in 25-OH Vitamin D levels in the carriers of  AA and AG 
genotypes by 43.5% and 47.4%, respectively, compared with the control group. Similarly, the carriers of  the GG genotype of  the study 
group had 53.9% reduced levels of  25-OH Vitamin D, compared to the control group (p<0.001).

In patients with postoperative hypothyroidism, the level of  25-OH vitamin D was significantly lower in the carriers of  all genotypes: 
AA, AG, and GG (by 46%, 45%, and 49.3% respectively by compared to the control group (p<0.001). At the same time, in the group 

Table 2. Distribution of the rs2228570 genotype and allelic frequencies in the surveyed population.

rs2228570  
n=178  
(%)

Study group,
n=153

(86.96%)

Control group,
n=25

(14.04%)

OR
[95% CI] χ2 (p)

AA 59
(38.56%)

9
(36%)

1.115
[0.43; 306]

χ2<1.0
р>0.05

AG 64
(41.83%)

9
(36%)

1.277
[0.494; 3.497]

χ2<1.0
р>0.05

GG 30
(19.61%)

7
(28%)

0.629
[0.224; 1.948]

χ2 <1.0
р>0.05

χ²
Р

χ2=13.216,
p<0.001

χ2=0.32,
p=0.8521

A allele 182
(59.48%)

27
(54%)

1.249
[0.652; 2.38]

χ2 <1.0
р>0.05

G allele 124
(40.52%)

23
(46%)

OR - odds ratio; n - total number
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rs6265 
genotype

Control 
group,
n=25

(14.04%)

Study 
Group.
n=153

(85.96%)

Group 1,  
PO

n=16 
(10.46%)

Group 2,
AIT with 

hypothyroidism
n=65

 (42.48%)

Group 3,
AIT

n=72
(47.06%)

χ2

p

Total
n=178

(%)

OR
[95% CI]

AA 9
(36%)

59
(38.56%)

7
(43.75%)

20
(30.77%)

32
(44.44%)

χ2=2.9695,
p=0.3964

68
(30.2%)

0.706
[0.24; 1.96]

AG 9
(36%)

64
(41.83%)

6
(37.5%)

33
(50.77%)

25
(34.72%)

χ2=4.08,
p=0.2533

73
(41%)

1.06
[0.35; 2.98]

GG 7
(28%)

30
(19.61%)

3
(18.75%)

12
(18.46%)

15
(20.83%)

χ2=1.04,
p=0.7

37
(20.8%)

1.47
[9.44; 4.6]

χ2

Р
χ2=0.32,

p=0.8521
χ2=13.216,
p<0.001

χ2=1.65,
p=0.4437

χ2=10.369,
p<0.001

χ2=6.08,
p=0.048

Table 3. Distribution of the rs2228570 genotypes in the study group depending on the type of thyroid pathology and in the control group.

P1 – p-value between the control group and study groups; P2 – p-value between the PO and AIT with hypothyroidism groups; P3 – p-value between 
the AIT and AIT with hypothyroidism groups; P4 – p-value between the PO and AIT groups; P5 – p-value between the AA and AG genotypes;
P6 – p-value between the AA and GG genotypes; P7 – p-value between the AG and GG genotypes.

Table 4. 25-OH vitamin D levels in groups of patients with different thyroid pathology depending on the rs2228570 genotype.

rs2228570 (M±m)

rs2228570 genotype AA AG GG P5 P6 P7

Control group, n=25 36±5.05 (9) 39.11±6.92 (9) 43.43±6.27 (7) 0.29 0.026 0.21

Study group, n=153 20.35±3.28 (59) 20.56±3.29 (64) 20.03±2.74 (30) 0.73 0.625 0.416

P1 <0.001 <0.001 <0.001

PO n=16 19.43±2.07 (7) 21.5±2.88 (6) 22±5.29 (3) 0.17 0.49 0.889

P1 <0.001 <0.001 <0.0035

P2 0.322 0.175 0.431

AIT with 
hypothyroidism n=65 18.35±3.18 (20) 19.55±3.27 (33) 19±2.49 (12) 0.197 0.5254 0.5568

P1 <0.001 <0.001 <0.001

P3 0.0003 0.0138 0.121

AIT n=72 21.8±2.86 (32) 21.68±3.08 (25) 20.47±2.17 (15) 0.87 0.083 0.153

P1 <0.001 <0.001 <0.001

P4 0.0256 0.89 0.667

of  patients with postoperative hypothyroidism, there were no significant differences in the levels of  25-OH vitamin D regardless of  
whether they were carriers of  the genotype AA, AG, or GG.

In patients with AIT-induced hypothyroidism, the levels of  25-OH vitamin D were significantly lower in the carriers of  AA, AG, and 
GG genotypes, respectively 1.96, 2, and 2.28 times, compared to the control group (p<0.001).

In the group of  patients with AIT, 25-OH vitamin D levels were also significantly lower compared to the control group (in carriers 
of  the AA genotype: 39.4%; AG: 44.5%; and GG: 52.8%) (Table 4). Comparative analysis of  the 25-OH Vitamin D levels between 
patients with AIT-induced hypothyroidism and AIT without hypothyroidism shows that they were significantly lower in the patients 
with AIT-induced hypothyroidism carriers of  the AA and AG genotypes.For instance, 25-OH vitamin D in the carriers of  AA gen-
otype with AIT-induced hypothyroidism was 15.8% lower compared to the AA genotype carriers with AIT. Additionally, in the AA 
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genotype carriers with postoperative hypothyroidism, 25-OH vitamin D levels were also significantly reduced (by 18.8%) compared 
to the AA genotype carriers with AIT. Thus, the carriers of  the AA genotype with hypothyroidism, regardless of  its cause (auto-
immune or postoperative), had significantly lower 25-OH vitamin D levels compared to the carriers of  the AA genotype without 
hypothyroidism.

Genotype variants of  VDR rs2228570 are not risk factors for reduced serum 25-OH Vitamin D, either vitamin D deficiency or sub-
optimal provision (Table 5). A correlation analysis between vitamin D levels and the levels of  TSH, T4, anti-Tg, and anti-TPO anti-
bodies showed a weak direct relationship (r=0.25) between vitamin D and TSH levels (p<0.001), a weak inverse correlation (r=-0.24) 
between vitamin D and T4 levels in the blood (p<0.001) and a weak direct relationship (r=0.26) between anti-Tg and vitamin D levels  
(p=0.0157). In addition, we found a significant direct correlation between the levels of  anti-TPO and anti-Tg (p<0.001).

DISCUSSION

One of  the main directions of  biomedical research today is identifying genetic factors and their role in developing multifactorial diseases 
[14]. Analysis of  the genome can be used to detect these hereditary factors [15, 16]; often, mutations contributing to the increased 
disease risk are single nucleotide polymorphisms [17–19].

In this study, we investigated the correlation of  a polymorphism at the rs2228570 locus of  the VDR with serum 25-OH vitamin D levels 
in patients with thyroid gland pathologies in western Ukraine. 

Recent evidence shows an association between low vitamin D status and autoimmune thyroid diseases such as Hashimoto’s thyroiditis. 
In several clinical studies, patients with AITD or HT had a low vitamin D status, indicating the link between vitamin D deficiency and 
thyroid autoimmunity [20]. Our results show a significant decrease in serum vitamin D levels in patients with postoperative hypothy-
roidism and AIT-induced hypothyroidism (1.89 and 2.05 times, respectively), compared to the control group. Moreover, in the AIT 
patients without hypothyroidism, the level of  vitamin D was significantly decreased (1.82 times) compared to the control group. An 
analysis of  the correlation between vitamin D levels and the levels of  TSH, T4, anti-Tg, and anti-TPO antibodies in the blood show a 
weak direct relationship (r=0.25) between vitamin D and TSH levels (p<0.001), a weak inverse correlation (r=-0.24) between vitamin D  
and T4 levels (p<0.001) and a weak direct relationship (r=0.26) between anti-Tg and vitamin D levels (p=0.0157). Additionally, we 
found a significant direct correlation between anti-TPO and anti-Tg levels (p<0.001).

To date, four polymorphisms of  the VDR gene (TaqI (rs731236, alleles T/t), ApaI (rs7975232, alleles A/a), FokI (rs2228570, alleles 
F/f), and BsmI (rs1544410, alleles B/b) have been linked to the HT risk. However, studies focusing on these polymorphisms have pro-
duced inconsistent results. A meta-analysis of  11 case-control studies aimed to establish an association between the four polymorphisms 
and HT susceptibility [21]. In this meta-analysis, only FokI polymorphism was found to be significantly associated with the risk of  HT 
emergence (F vs. f: OR=1.44, 95% CI=1.09–1.91, p=0.010; FF vs. Ff  + ff: OR=1.72, 95% CI=1.09–2.70, p=0.019). Furthermore, 
subgroup analyses only showed significant effects in the Asian population (F vs. f: OR=1.45, 95% CI=1.07–1.95, p=0.016; FF vs.  
ff: OR=1.64, 95% CI=1.03–2.59, p=0.036; FF + Ff  vs. ff: OR=1.34, 95% CI=1.00–1.80, p=0.047; and FF vs. Ff  + ff: OR=1.64, 95% 
CI=1.03–2.64, p=0.039); no significant effects were present in the Caucasian population. For the rest of  the polymorphisms, TaqI, 
ApaI, and BsmI, there were no significant associations found under any model. This available evidence suggested that only VDR FokI 
polymorphism is associated with HT risk, and only in Asian, but not in Caucasian, population [21]. 

In this study, we found that among the groups of  patients with different types of  thyroid pathology (postoperative hypothyroidism, and 
AIT without hypothyroidism), there were no significant differences in the relative frequencies of  VDR FokI polymorphism.

rs2228570 genotypes RelR OR 95% CI RR 95% CI OR p

Vitamin D <20 ng/mL  
(Vit D deficiency)

AA 0.95 0.867 [0.674; 1.343] [0.294; 2.66] 0.804

AG 0.64 1.34 [0.778; 1.62] [0.466; 4.055] 0.631

GG 0.95 0.82 [0.714; 1.26] [0.256; 2.82] 0.785

Vitamin D = 20–30 ng/mL  
(Suboptimal Vit D 
availability)

AA 1.09 1.24 [0.769; 1.548] [0.45; 3.65] 0.814

AG 1.09 1.24 [0.769; 1.548] [0.45; 3.65] 0.814

GG 0.87 0.54 [0.667; 1.136] [0.169; 1.858] 0.26

RelR (relative risk) – relative risk; OR (Odds Ratio) – odds ratio; 95% CI RR, OR (confidence interval) – confidence interval of risk (RR), chances (OR).

Table 5. rs2228570 genotypes as risk factors for reduced serum 25-OH vitamin D levels.
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Comparative analysis of  25-OH vitamin D levels in the AIT patients with and without hypothyroidism shows that it was significantly 
lower in the carriers of  AA and AG genotypes with AIT-induced hypothyroidism. For example, 25-OH vitamin D levels in AA gen-
otype carriers with AIT-induced hypothyroidism were reduced by 15.8% compared to the AA genotype carriers with AIT and no  
hypothyroidism. Additionally, in AA genotype carriers with postoperative hypothyroidism, 25-OH vitamin D levels were significantly 
lower (by 18.8%) compared to AA genotype carriers with AIT. 

In this study, we found that AA genotype carriers with hypothyroidism, regardless of  its cause (autoimmune or postoperative), had sig-
nificantly lower levels of  25-OH Vitamin D compared to the AIT patients without hypothyroidism. Thus, against the background of  
thyroid gland pathology, reduced levels of  vitamin D exacerbate thyroid insufficiency.

The FokI (rs2228570) polymorphism, affecting the translational initiation codon of  VDR, is the only currently known polymor-
phism of  this gene that results in the expression of  an altered protein [22]. Two structurally distinct protein isoforms are being  
produced: F-VDR is 3 amino acid residues shorter than f-VDR. The shortened F-VDR protein variant has been reported to be more 
effective in vitamin D-induced transactivation [23]. For instance, in transfection experiments, the shortened F-VDR produced higher 
NF-kB- and NFAT-mediated transcription activity compared to f-VDR. Thus, a FF VDR genotype results in elevated expression of  
both mRNA and protein IL-12 in human monocytes and dendritic cells compared to the cells with an ff VDR genotype [24]. This 
suggests that FF genotype carriers may produce a more robust immune response and thus possess an increased risk of  developing im-
mune-mediated disorders. 

Six out of  eight previous studies comparing frequencies of  FokI polymorphism in HT patients with controls found a positive associ-
ation [25]. A meta-analysis by Wang al. concludes that the F allele might be a risk factor for HT susceptibility (OR=1.44, p=0.010) 
since the incidence of  HT was significantly higher in individuals with FF genotype compared to Ff  + ff genotype individuals  
(OR=1.72, p=0.019). However, analyses of  subgroups stratified by ethnicity indicated that while the risk of  HT in FF genotype indi-
viduals was higher in Asian populations (OR=1.64, p=0.039), the same did not hold for Caucasian populations. This inconsistency sug-
gests the impact of  other factors, such as different genetic backgrounds and environmental and lifestyle causes such as diet and exposure 
to sunlight. However, a relatively small Caucasian sample size might have affected the robustness of  the analysis.

Results of  our study show that the rs2228570 VDR polymorphism is not a risk factor for reduced serum 25-OH vitamin D, ei-
ther vitamin D deficiency or its suboptimal provision. Studies demonstrated that VDR gene polymorphisms (rs731236, rs1544410, 
rs2228570, and rs7975232) could alter VDR expression [26]. For instance, the f  allele of  VDR rs2228570 was associated with higher 
VDR mRNA copy numbers [27]. Some studies investigated associations between these polymorphisms and various disorders, includ-
ing autoimmune diseases and HT; however, it is apparent that findings often vary by race and ethnicity. For instance, a significant 
association between VDR rs2228570 and HT risk was reported in Serbian populations [28], while VDR rs731236 and rs2228570 
were significantly associated with HT risk in a Turkish population [29]. At the same time, other studies, including a genome-wide as-
sociation study, failed to associate these polymorphisms with susceptibility to AITD [5]. A meta-analysis of  VDR rs2228570 polymor-
phism and AITD risk showed a significant association the overall analysis (CT versus CC: OR=0.73, 95% CI: 0.56–0.95, PZ=0.02; 
TT+CT versus CC: OR=0.71, 95% CI: 0.54–0.93, PZ<0.001; T versus C: OR=0.80, 95% CI: 0.68–0.95, PZ=0.01) [30]. While a 
further subgroup analysis showed a significant association with HT (T versus C: OR=0.69, 95% CI: 0.50–0.97, PZ=0.03), there was 
no association with Graves’ disease (GD). A subgroup analysis taking into account ethnicity found a significant association in Asian 
populations (TT versus CC: OR=0.63, 95% CI: 0.42–0.93, PZ=0.02; TT+CT versus CC: OR=0.65, 95% CI: 0.45–0.95, PZ=0.02; 
TT versus CT+CC: OR=0.72, 95% CI: 0.58–0.91, PZ=0.005; T versus C: OR=0.72, 95% CI: 0.56–0.92, PZ=0.008), but not in 
Caucasian populations. These results suggest the effect of  other factors, such as the genetic background of  different populations; 
however, they can also be explained by a study design with small sample sizes resulting in low statistical power when detecting low-pen-
etration polymorphisms.

CONCLUSION

Vitamin D levels were significantly lower in carriers of  the AA and AG genotypes with AIT-induced hypothyroidism. In AA genotype 
carriers with postoperative hypothyroidism, 25-OH vitamin D levels were significantly lower (by 18.8%) compared to AA genotype 
carriers with AIT. Variants of  the VDR rs2228570 polymorphism are not risk factors for reduced serum 25-OH vitamin D in patients 
with various forms of  thyroid pathology. The question of  whether reduced 25-OH vitamin D levels are associated with increased risk 
of  developing AITD requires further investigation, in particular ethnically representative randomized controlled studies to determine 
the usefulness and safety of  vitamin D supplementation as a treatment approach for thyroid diseases.
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