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Abst rac t
Introduction: Although psoriasis and obstructive sleep apnea syndrome (OSAS) are associated with systemic inflam-
mation, studies on their potential bilateral relationship are not sufficient.
Aim: To investigate vitamin D levels and receptor gene polymorphisms in patients with OSAS and psoriasis and the 
associations with these diseases.
Material and methods: One hundred thirty-seven patients included in the study consisted of 4 different groups: 
group 1, those with both diseases; group 2, those with OSAS only; group 3, patients with psoriasis only; and group 4,  
healthy controls. The patients’ serum calcium, phosphorus, AHI, Epworth Sleepiness Scale, Psoriasis Area Severity 
Index, and VDR TagI, ApaI, BsmI polymorphisms were compared.
Results: Vitamin D levels of groups 1, 2 and 3 were found to be lower than in controls. There was no statistically 
significant correlation between VDR TagI, ApaI, BsmI gene polymorphisms of the groups. Vitamin D levels were 
significantly higher in patients with heterozygous ApaI genotype (A/C) compared to patients with normal (A/A) or 
homozygous mutant (C/C) genotype (p < 0.05). No relationship was determined between VDR TagI, ApaI, BsmI, and 
the other parameters.
Conclusions: In our study, 1,25(OH)

2-vitamin D3 levels were significantly lower in all disease groups compared to the 
control group. Although there is no difference between the groups in terms of VDR gene polymorphism, we think 
that there may be a bidirectional relationship between these diseases based on the low vitamin D levels.
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Introduction

Psoriasis is a chronic, inflammatory disease charac-
terized by nummular, scaly plaques on an erythematous 
background and its incidence varies from 1.5% to 5.0% 
[1]. Although it was only seen as a skin disease a few de-
cades ago, it is now recognized as multi-system disease 
[2]. Seventy-three percent of psoriasis patients have at 
least one comorbidity such as arthritis, cardiovascular 
events, diabetes mellitus (DM), obesity, hypertension 
(HT), or dyslipidaemia [3]. Autoimmune, genetic, and en-
vironmental factors are effective in the pathogenesis of 
psoriasis [4].

Obstructive sleep apnea syndrome (OSAS) is a disor-
der that causes intermittent hypoxemia and sleep distur-
bance due to partial or complete obstruction of the upper 

respiratory tract that recurs during sleep [5]. It affects ap-
proximately 2–4% of the society and has been observed 
twice as often in men than in women [6]. The risk of dia-
betes, pulmonary hypertension, coronary artery disease, 
heart failure, hypertension and stroke are increased in 
patients with OSAS [5].

As in psoriasis, inflammatory and immune imbalance 
has been described as major complications in the patho-
genesis of OSAS [7, 8]. The relationship between psoria-
sis and OSAS has been studied in many studies, but the 
results vary and are limited [6, 9–12]. However, psoriasis 
is 4 times more common in OSAS patients than in the 
general population [13]. Psoriasis patients with OSAS in 
a study from Turkey were found to have an incidence of 
13.7%, which is considerably higher than the prevalence 
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in the general population [14]. Ilbay et al. [15] found this 
association at a rate of 61.4%, while Karaca et al. [6] 
found it as 54.5%.

Vitamin D is a fat-soluble vitamin and is known for its 
role in bone. In addition, vitamin D impacts many biologi-
cal activities such as cellular proliferation and differentia-
tion, immune system modulation, and muscle strength-
ening. Several studies have shown that serum levels of 
1,25(OH)

2
-vitamin D

3
 (1,25(OH)

2
D

3
) are significantly lower 

in patients with psoriasis compared with healthy controls 
[16, 17]. Therapies based on vitamin D and its analogues 
have been used in psoriasis for decades and the defi-
ciency of the active form of vitamin D is assumed to play 
a role in the onset of psoriatic plaques [18, 19]. 

The vitamin D receptor (VDR) protein is a member of 
the nuclear receptor family of ligand-activated transcrip-
tion factors [20]. The VDR gene encoding the VDR pro-
tein is located on the 12th chromosome. VDR protein plays 
a role in important cellular biological events such as cal-
cium (Ca) and phosphorus (P) haemostasis, cell differen-
tiation, and apoptosis. The distribution of the vitamin D  
receptor in many tissues may explain the beneficial ef-
fects of vitamin D and its positive effects on the immune 
system at the molecular level. ApaI, BsmI, FokI, and TaqI 
are the most common VDR gene polymorphisms, and 
studies investigating the effectiveness of these polymor-
phisms in psoriasis patients are conflicting [21]. 

Aim

In this study, we aimed to investigate the possible 
role of the most common TaqI, ApaI, and BsmI VDR gene 
polymorphisms in the susceptibility to psoriasis and 
OSAS disease.

Material and methods 

Approval was obtained from the local ethics com-
mittee of Namık Kemal University for this research (No. 
2018/97/07/03), which was conducted with the support 
of the Scientific Research Projects Coordination Unit 
(NKUBAP.02.GA.18.188). The Polysomnography (PSG) 
test was performed on patients with clinical suspicion of 
OSAS who applied to the Chest Diseases Clinic from No-
vember 2018 to November 2019. Based on the American 
Academy of Sleep Medicine (AASM) guidelines, a total 
of 137 patients were included in the study. Seventy eight 
were diagnosed with mild, moderate, and severe OSAS 
(apnea-hypopnea index (AHI) > 5) and 59 were includ-
ed without OSAS (AHI < 5). Patients receiving systemic 
vitamin D treatment were excluded from the study. All 
patients included in the study were referred to the der-
matology outpatient clinic and were examined for psoria-
sis. Demographic characteristics, PSG tests, and Epworth 
Sleepiness Scale (ESS) of the patients were recorded. The 
AHI score and Psoriasis Area and Severity Index (PASI) 

score of the psoriasis patients were calculated. Patients 
were classified into four groups in the study: group 1, 
those with both diseases (n = 33); group 2, those with 
OSAS only (n = 45); group 3, patients with psoriasis only 
(n = 34); and group 4, healthy controls (n = 25).

Blood samples and DNA extraction 

Two millilitres of venous blood samples were drawn 
from patients with psoriasis and OSAS as well as healthy 
individuals into EDTA tubes. Genomic DNA was isolated 
from peripheral blood mononuclear cells (PBMCs) using 
a DNA extraction kit (High Pure PCR Template Prepara-
tion Kit, Roche) according to the manufacturer’s instruc-
tions. Genomic DNA was analysed for purity and concen-
tration and then stored at –20°C until use.

The human 1.25-dihydroxyvitamin D
3
 Enzyme-Linked 

Immunosorbent Assay (ELISA) kit (cat no. EA0057Hu, 
Bioassay Technology Laboratories Shanghai-China) was 
used to determine the 1,25(OH)

2
D

3
 levels. DVD/DHVD3 

standards or samples were added to wells pre-coated 
with a monoclonal antibody. Then, a target antigen 
conjugated with biotin was added to the wells. After in-
cubation, the values were read with the Biotek Elx-800 
Microplate reader. This test detected 1,25(OH)

2
D

3
 with 

a specificity of 99%. Sensitivity was evaluated according 
to guidelines from the Clinical & Laboratory Standards 
Institute, Wayne, PA, USA. The sensitivity limit was  
16.27 fmol/l.

Genotyping

Genotype distributions of vitamin D receptor gene 
rs731236 (TaqI), rs7975232 (ApaI), and rs1544410 (BsmI) 
single nucleotide polymorphisms (SNPs) were identi-
fied by Real-Time polymerase chain reaction (Real-Time 
PCR) technique. Genotyping was obtained using the 
LightCycler 2 (Roche Applied Science) instrument. Each 
Real-Time PCR was performed in a total volume of 20 μl 
reaction mixture containing a 50 ng final concentration 
of DNA, 1.6 µl MgCl

2
 (25 mM), 1 μl LightSNiP reagent mix 

(SimpleProbe, LightSNiP assays, TIB MolBiol, Berlin, Ger-
many), 2 μl LightCycler® FastStart DNA Master HybProbe 
(Roche Diagnostics GmbH, Mannheim, Germany), and 
a variable amount of H

2
O. Real-Time PCR reaction pro-

gram consisted of the following cycle conditions: initial 
denaturation at 95°C for 10 min, 45 cycles of denatur-
ation at 95°C for 10 s, annealing at 60°C for 10 s, and ex-
tension at 72°C for 15 s. The melting curve analysis of the 
amplification products was performed at 95°C for 20 s, 
at 40°C for 20 s, and at 85°C with a ramp rate of 0.2°C/s. 

Statistical analysis

The Q-Q Plots and Histogram and Shapiro-Wilks test 
were used to test the normal distribution of the findings, 
and the Levene test was used to evaluate the homoge-
neity of the variables. A one-way ANOVA and Kruskal-
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Wallis test were used to compare the difference between 
groups. A Pearson c2 test was used to compare qualita-
tive variables for H test quantitative variables. Tukey and 
Siegel-Castellan tests were used in multiple comparisons. 
Statistical analysis was performed with Turcosa software 
(Turcosa Analytics, Turkey). A p-value of less than 0.05 
was considered statistically significant.

Results

The demographic characteristics of the patients and 
healthy controls participating in the study are given in 
Table 1. Vitamin D levels of groups 1, 2, and 3 were signifi-
cantly lower than the healthy control group 4 (p = 0.019). 
Vitamin D levels of groups 1, 2, and 3 were similar. The 
highest ESS level was observed in group 2. The ESS level 
in group 2 was statistically higher than in groups 1 and 4.  
Body mass index (BMI) was higher in group 2 compared 
with other groups, and the difference with group 3 was 
statistically significant. The average age of group 1 and 
group 2 was significantly higher than in group 3 and 
group 4.

The VDR gene polymorphism distribution of the 
groups is given in Table 2. When VDR TagI, VDR ApaI, and 
VDR BsmI gene polymorphisms were compared, no sta-
tistically significant relationship was observed between 
the groups (p > 0.05).

A statistically significant difference was found in 
the comparison of the VDR ApaI gene polymorphism 
genotype distributions (homozygous, heterozygous, 
and mutant) and the medians of the vitamin D variable  
(p = 0.019). However, no significant difference was found 

in the comparison of AHI, ESS, PASI, age, Ca, P, Albumin, 
and BMI variables (p > 0.05). According to the multiple 
comparison test, vitamin D levels were found significant-
ly higher in patients with ApaI heterozygous genotype 
(A/C) compared to patients with normal (A/A) or ho-
mozygous mutant (C/C) genotype (p < 0.05). Although 
vitamin D was significantly higher than in the other two 
groups in terms of this heterozygous genotype, the dis-
ease severity scores AHI and PASI were found to be high-
er (Table 3).

No significant difference was found in the compari-
son of VDR BsmI gene polymorphism, genotype distribu-
tions, and vitamin D, AHI, ESS, PASI, age, Ca, P, Albumin, 
and BMI variables (p > 0.05) (Table 4).

There was no significant difference in the comparison 
of VDR TagI gene polymorphism genotype distributions 
and vitamin D, AHI, ESS, PASI, age, Ca, P, and BMI varia-
bles (p > 0.05). However, the albumin value of the mutant 
group was higher than in the other groups (p = 0.015) 
(Table 5).

When the genotype distributions of VDR Tag1, VDR 
ApaI, and VDR BsmI gene polymorphisms were compared 
with the presence or absence of OSAS and the presence 
or absence of psoriasis; no significant correlation was 
found (p > 0.05) (Table 6).

Discussion

In this study, we investigated the link between pa-
tients with psoriasis and OSAS and the role of the VDR 
gene polymorphisms. We determined that vitamin D 
was lower in both psoriasis and OSAS patients than 

Table 1. Demographic characteristics of the patients participating in the study

Parameter Group 1 Group 2 Group 3 Group 4 P-value

Vitamin D 
[fmol/l]
(mean ± SD)

n = 28 
1652.5

(989.9–3857.4)a

n = 43 
2010.8

(1031.7–5621.9)a

n = 27
1795.5

(1069.9–5003.2)a

n = 20 
6133.7

(2902.3–7878.3)b

0.019

ESS median 
(Q25–Q75)

n = 26
3.0 (2.0–6.25)a

n = 43
6.0 (3.0–11.0)b

n = 27
4.0 (3.0–6.0)ab

n = 20 
3.0 (1.25–4.0)a

0.023

Age [years]
(mean ± SD)

n = 28 
56.3 ±11.3a

n = 43 
53.6 ±12.4a

n = 27 
40.8 ±14.5b

n = 20 
41.9 ±10.56b

< 0.001

Ca [mg/dl]
(mean ± SD)

n = 27
9.8 ±0.4

n = 36
9.6 ±0.4

n = 27
9.7 ±0.4

n = 19
9.6 ±0.4

0.104

P [mg/dl]
(mean ± SD)

n = 26 
3.35 ±0.67

n = 33 
3.38 ±0.79

n = 25 
3.46 ±0.56

n = 19 
3.22 ±0.48

0.680

PTH [pg/ml]
(mean ± SD)

n = 26 
56.89 ±24.42ab

n = 30 
66.66 ±27.22a

n = 25 
53.34 ±15.53ab

n = 18 
48.53 ±20.72a

0.043

Albumin [g/dl]
(mean ± SD)

n = 27
4.61 ±0.21

n = 38 
4.55 ±0.35

n = 26 
4.41 ±0.31

n = 19 
4.41 ±0.31

0.191

BMI  
(mean ± SD)

n = 26 
30.48 ±4.32ac

n = 43 
32.75 ±4.98a

n = 27 
26.63 ±3.30b

n = 20 
29.29 ±5.00bc

< 0.001

BMI – body mass index, Ca – calcium, ESS – Epworth Sleepiness Scale, PTH – parathyroid hormone, P – phosphorus. Data are expressed as median  
(25–75 percentile) or arithmetic mean ± standard deviation (x ± s). According to the post hoc test (TUKEY or Siegel-Castellan), the difference between the groups 
is statistically significant in cases with different alphabetic superscripts.
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in healthy controls. However, we did not observe any 
relationship between VDR gene polymorphism and 
these diseases. BMI was higher in patients with OSAS 
than in other groups, and the difference with psoriasis 

patients was statistically significant. The average age 
of group 1 and group 2 was significantly higher than in 
group 3 and group 4. This situation was thought to be 
related to the fact that OSAS has been documented as 

Table 2. Distribution of VDR gene polymorphisms by groups

Polymorphisms Groups P-value

1, n (%) 2, n (%) 3, n (%) 4, n (%)

VDR TagI: 0.924

Homozygote (TT) 10 (35.7) 14 (32.6) 12 (44.4) 8 (40.0)

Heterozygote (TC) 13 (46.4) 21 (48.8) 10 (37.0) 10 (50.0)

Mutant (CC) 5 (17.9) 8 (18.6) 5 (18.5) 2 (10.0)

VDR ApaI: 0.787

Homozygote (CC) 6 (21.4) 11 (2.6) 6 (22.2) 5 (25.0)

Heterozygote (CA) 11 (39.3) 20 (46.5) 9 (33.3) 10 (50.0)

Mutant (AA) 11 (39.3) 12 (27.9) 12 (44.4) 5 (25.0)

VDR BsmI: 0.888

Homozygote (GG) 9 (32.1) 15 (34.9) 12 (44.4) 6 (30.0)

Heterozygote (GA) 13 (46.4) 18 (41.9) 10 (37.0) 11 (55.0)

Mutant (AA) 6 (21.4) 10 (23.3) 5 (18.5) 3 (15.0)

Table 3. Relationships between ApaI gene polymorphism genotype distribution and clinical characteristics of patients

Variables VDR ApaI (rs7975232) P-value

Homozygote Heterozygote Mutant 

Vitamin D [fmol/l]
median (Q25-Q75)

n = 28 
1833.5

(836.5–3110.7)a

n = 50 
3852.6

(1365.5–8282.7)b

n = 40
1804

(1203.0–5162.5)a

0.019

AHI
median (Q25–Q75)

n = 28 
23.0 (1.23–45.18)

n = 50
31.85 (1.5–58.85)

n = 40
18.10 (1.68–40.90)

0.555

ESS
median (Q25–Q75)

n = 28 
4.0 (2.0–7.0)

n = 49 
4.0 (2.0–6.5)

n = 39
4.0 (2.0–8.0)

0.600

PASI
median (Q25–Q75)

n = 12
 4.90 (2.35–7.65)

n = 16 
5.50 (0.38–8.30)

n = 21
1.60 (0.50–5.45)

0.194

Age [years]
(mean ± SD)

n = 28
48.82 ±16.54

n = 50 
49.74 ±12.74

n = 40 
49.20 ±13.79

0.960

Ca [mg/dl]
(mean ± SD)

n = 26
9.70 ±0.43

n = 46 
9.67 ±0.40

n = 37
9.74 ±0.38

0.696

P [mg/dl]
(mean ± SD)

n = 26 
3.83 ±2.67

n = 43
3.32 ±0.59

n = 34 
3.36 ±0.56

0.749

PTH [pg/ml]
(mean ± SD)

n = 25 
62.00 ±26.30

n = 42 
57.57 ±24.97

n = 32 
53.68 ±18.64

0.417

Albumin [g/dl]
(mean ± SD)

n = 27 
4.59 ±0.26

n = 48 
4.47 ±0.32

n = 35
4.62 ±0.30

0.054

BMI
(mean ± SD)

n = 28
30.81 ±6.02

n = 49
30.30 ±4.94

n = 39
29.69 ±4.39

0.659

AHI – Apnea–Hypopnea Index, BMI – body mass index, Ca – calcium, ESS – Epworth Sleepiness Scale, PASI – Psoriasis Area and Severity Index, PTH – parathyroid 
hormone, P – phosphorus. Data are expressed as median (25–75 percentile) or arithmetic mean ± standard deviation (x ± s). According to the post hoc test 
(TUKEY or Siegel-Castellan), the difference between the groups is statistically significant in cases with different alphabetic superscripts.
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Table 4. Relationships between BsmI gene polymorphism genotype distribution and clinical characteristics of patients

Variables VDR BsmI (rs1544410) P-value

Homozygote Heterozygote Mutant

Vitamin D 
[fmol/l]
median (Q25–Q75)

n = 42 
2225.5

(1004.8–6466.1)

n = 52 
3721.3

(1326.5–7156.5)

n = 24 
1804

(1009.8–2977.8)

0.178

AHI
median (Q25–Q75)

n = 42 
21.1 (1.4–46.0)

n = 52 
20.3 (1.3–51.4)

n = 24 
21.9 (2.2–48.5)

0.775

ESS
median (Q25–Q75)

n = 42 
4 (2.8–7.0)

n = 50 
4 (2.0–7.0)

n = 24 
5 (2.0–9.0)

0.831

PASI
median (Q25-Q75)

n = 18
5.50 (3.50–8.05)

n = 22 
1.85 (0.00–7.13)

n = 9 
1.40 (1.00–6.70)

0.100

Age [years]
(mean ± SD)

n = 42 
47.14 ±16.19

n = 52 
51.63 ±11.67

n = 24 
48.21 ±14.10

0.274

Ca [mg/dl]
(mean ± SD)

n = 40 
9.68 ±0.41

n = 47 
9.69 ±0.39

n = 22 
9.78 ±0.39

0.614

P [mg/dl]
(mean ± SD)

n = 38
3.42 ±0.82

n = 44 
3.30 ±0.52

n = 21 
3.38 ±0.57

0.699

PTH [pg/ml]
(mean ± SD)

n = 37 
59.14 ±25.33

n = 42 
59.45 ±23.70

n = 20 
50.05 ±18.36

0.291

Albumin [g/dl]
(mean ± SD)

n = 40 
4.56 ±0.31

n = 49 
4.49 ±0.29

n = 21 
4.65 ±0.32

0.173

BMI
(mean ± SD)

n = 42
30.41 ±5.52

n = 50
30.13 ±4.63

n = 24
30.07 ±5.14

0.952

AHI – Apnea–Hypopnea Index, BMI – body mass index, Ca – calcium, ESS – Epworth Sleepiness Scale, PASI – Psoriasis Area and Severity Index, PTH – parathyroid 
hormone, P – phosphorus. Data are expressed as median (25–75 percentile) or arithmetic mean ± standard deviation (x ± s). According to the post hoc test 
(TUKEY or Siegel-Castellan), the difference between the groups is statistically significant in cases with different alphabetic superscripts.

Table 5. Relationship between TagI gene polymorphism genotype distribution and clinical characteristics of patients

Variables VDR TagI (rs731236) P-value

Homozygote Heterozygote Mutant

Vitamin D 
[fmol/l]
median (Q25-Q75)

n = 44
2329.7

(1021.8–6908.2)

n = 54
3721.3

(1358.4–7027.6)

n = 20
1715

(970.4–2279.9)
0.105

AHI
median (Q25–Q75)

n = 44
19.7 (1.3–46.1)

n = 54
20.3 (1.6–51.3)

n = 20
30.0 (1.9–53.4)

0.584

ESS
median (Q25–Q75)

n = 44
4 (2.3–7.0)

n = 52
4.0 (2.2–7.0)

n = 2
3.5 (2.0–8.0)

0.864

PASI
median (Q25–Q75)

n = 19
5.00 (2.00–6.70)

n = 22
6.13 (0.00–8.50)

n = 8
1.30 (1.00–6.95)

0.273

Age [years]
(mean ± SD)

n = 44
46.18 ±15.43

n = 54
52.26 ±11.94

n = 20
48.4 ±14.61

0.094

Ca [mg/dl]
(mean ± SD)

n = 42
9.72 ±0.36

n = 49
9.66 ±0.42

n = 18
9.77 ±0.41

0.550

P [mg/dl]
(mean ± SD)

n = 41
3.41 ±0.82

n = 44
3.29 ±0.52

n = 18
3.45 ±0.54

0.563

PTH [pg/ml]
(mean ± SD)

n = 40
58.98 ±24.59

n = 42
58.63 ±23.85

n = 17
50.84 ±19.50

0.448

Albumin [g/dl]
(mean ± SD)

n = 42
4.57 ±0.27ab

n = 51
4.47 ±0.31a

n = 17
4.71 ±0.32b

0.015

BMI
(mean ± SD)

n = 44
30.68 ±5.7

n = 52
29.94 ±4.36

n = 20
29.93 ±5.03

0.747

AHI – Apnea–Hypopnea Index, BMI – body mass index, Ca – calcium, ESS – Epworth Sleepiness Scale, PASI – Psoriasis Area and Severity Index, PTH – parathyroid 
hormone, P – phosphorus. Data are expressed as median (25–75 percentile) or arithmetic mean ± standard deviation (x ± s). According to the post hoc test 
(TUKEY or Siegel-Castellan), the difference between the groups is statistically significant in cases with different alphabetic superscripts.
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a disease of advanced age, while psoriasis has been 
observed in younger ages. There was no significant dif-
ference in the group with both diseases compared to 
the group with only OSAS. This situation can be ex-
plained by the fact that OSAS is seen especially in older 
psoriasis patients.

Different results have been reported in the litera-
ture regarding the relationship between vitamin D lev-
els and psoriasis patients. In a study by Gisondi et al., in 
which vitamin D levels were evaluated in patients with 
chronic plaque psoriasis, increased vitamin D deficiency 
was found, especially in winter months [16]. However, 
a causal relationship was not established between vi-
tamin D deficiency and psoriasis. In a study evaluating 
psoriasis along with inflammatory skin diseases, a sig-
nificantly lower vitamin D level was found in all patients 
with atopic dermatitis, infectious diseases, and psoria-
sis compared to the control group. The lowest vitamin D 
level was found in the patient group with psoriasis [22]. 
In another study, it was shown that the duration of pso-
riasis disease had an effect on vitamin D levels and lower 
levels were found in patients with psoriasis compared 
to the control group [23]. In a meta-analysis evaluating 
vitamin D levels in a total of 10 studies and 571 psoriasis 
patients, it was determined that vitamin D levels were 
low in psoriasis patients and a negative correlation was 
found between PASI score and vitamin D level [21]. In 
addition, they suggested that vitamin D may play a role 
in the psoriasis pathogenesis in this meta-analysis [21]. 
In a study from 2018, a positive correlation was found 
between vitamin D and psoriasis in 14 studies (1249 pa-
tients with psoriasis and 680 healthy controls), while no 
correlation was found between psoriasis and vitamin D 
in six studies [24]. In our study, we found that vitamin D 
levels in psoriasis patients were significantly lower than 

in the control group. This result is consistent with many 
previous studies [22, 23].

Studies showing the relationship between sleep disor-
ders and low vitamin D levels have increased continuously 
in recent years. In addition to risk factors such as age, 
obesity, hypertension, kidney disease, and diabetes asso-
ciated with OSAS, vitamin D deficiency is also considered 
as a risk factor [25]. Vitamin D deficiency can cause sleep 
disorders with increased inflammatory factors including 
tumour necrosis factor α (TNF-α), interleukin (IL)-1, and 
prostaglandin D2 (PGD2). Vitamin D deficiency can in-
crease the risk of OSA with adenotonsillar hypertrophy, 
airway muscle myopathy, and/or chronic rhinitis [26]. The 
study by Piovezan et al. [27] showed that there is a sig-
nificant relationship between moderate and severe OSAS 
and low vitamin D levels. In a study by Mete et al. [28], 
vitamin D deficiency was observed in the OSAS group 
compared with the control group. In addition, a significant 
correlation was found between the severity of OSAS and 
vitamin D deficiency. In the study by Barcelo et al. [29], vi-
tamin D levels in patients with severe OSAS were found to 
be lower than in patients with other OSASs, but they were 
not statistically significant. In the study by Erden et al. 
[30], OSAS was found to be associated with high Bisphe-
nol A (BPA) and parathyroid hormone (PTH) levels and low 
vitamin D levels. In a meta-analysis evaluating vitamin D 
levels in OSAS patients, 14 studies were evaluated and vi-
tamin D levels were found to be reduced in evaluation [5]. 
In our study, in accordance with this literature meta-anal-
ysis, and many other studies, we found that vitamin D  
levels were lower than the control group.

Gupta et al. [8] suggested that there was a bilateral 
relationship between OSAS and psoriasis in a study in-
vestigating psoriasis and other dermatological diseases 
in OSAS patients. In addition, the proinflammatory condi-
tion found in OSAS patients has been shown to exacer-

Table 6. Relationship between OSAS and psoriasis patients and VDR gene polymorphisms

Polymorphisms OSAS n (%) P-value Psoriasis n (%) P-value

 (–)  (+)  (–)  (+)

VDR TagI: 0.621 0.724

Homozygote 20 (42.6) 24 (33.8) 22 (34.9) 22 (40.0)

Heterozygote 20 (42.6) 34 (47.9) 31 (49.2) 23 (41.8)

Mutant 7 (14.9) 13 (18.3) 10 (15.9) 10 (18.2)

VDR ApaI: 0.908 0.230

Homozygote 11 (23.4) 17 (23.9) 16 (25.4) 12 (21.8)

Heterozygote 19 (40.4) 31 (43.7) 30 (47.6) 20 (36.4)

Mutant 17 (36.2) 23 (32.4) 17 (27.0) 23 (41.8)

VDR BsmI: 0.745 0.853

Homozygote 18 (38.3) 24 (33.8) 21 (33.3) 21 (38.2)

Heterozygote 21 (44.7) 31 (43.7) 29 (46.0) 23 (41.8)

Mutant 8 (17.0) 16 (22.5) 13 (20.6) 11 (20.0)
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bate dermatoses such as psoriasis [8]. In an observational 
study by Gabryelska et al. [13], psoriasis was observed to 
be more than 4 times higher in OSAS patients compared 
to normal individuals. Similarly, Papadavid et al. [31] re-
ported that the incidence of psoriasis in OSAS patients 
was 9.5% compared to 2.9% in patients without OSAS.

As observed, vitamin D levels in patients with both 
OSAS and psoriasis are lower than in healthy controls. 
However, some studies have indicated that vitamin D 
may play a role in the pathogenesis of OSAS and pso-
riasis. At the same time, there are many studies investi-
gating the association between OSAS and psoriasis. Our 
hypothesis for this study was that VDR gene polymor-
phisms may play a role in the relationship between OSAS 
and psoriasis. We did not find any relationship with VDR 
gene polymorphism and OSAS and psoriasis. In addition, 
when we evaluated these polymorphisms one by one, we 
did not find a significant difference for all patients and 
control groups. No relationship was found between VDR 
BsmI and TaqI gene polymorphisms and the clinical fea-
tures in the groups we examined. The ApaI heterozygous 
genotype was found to be associated with significantly 
increased vitamin D levels; although PASI and AHI values, 
which are indicators of psoriasis and OSAS disease sever-
ity, were found to be high.

The study by Ragia et al. [32] is the first clinical ge-
netic study investigating the effect of VDR polymorphism 
on OSAS. The relationship between VDR FokI, BsmI, ApaI, 
and TaqI gene polymorphisms with serum vitamin D lev-
els and OSAS was investigated. The frequency of FokI 
CC genotype was found to be significantly higher in pa-
tients with OSAS compared to the control group. FokI CC 
phenotype was found to be significantly associated with 
low vitamin D levels in patients with OSAS according to 
CT and TT phenotypes. It has also been shown that the 
VDR FokI polymorphism is associated with excessive day-
time sleepiness. Kirac et al. [33] investigated VDR FokI 
(rs2228570) and BsmI (rs1544410) and vitamin D-binding 
protein rs4588 and rs7041 mutations in OSAS patients. 
They reported that CA genotype in rs4588, CC genotype 
in rs2228570, and AA genotype in rs1544410 mutations 
were statistically significant in patients. Interestingly, the 
TC genotype in rs2228570 and GA genotype in rs1544410 
mutations were statistically significant in controls. When 
the relationship between risk factors and genotypes was 
examined, they found a statistically significant relation-
ship in terms of BMI, waist circumference, AHI, ESS, vita-
min D, and triglyceride levels. It has been shown in previ-
ous studies that VDR allelic variability affects VDR mRNA 
levels. The VDR gene is located on chromosome 12q13.11. 
and the BsmI and ApaI gene polymorphisms occur in in-
tron 8. The TaqI gene polymorphism is defined in exon 9, 
and ApaI and TaqI polymorphisms have been shown to 
lead to impaired binding at the receptor level [21]. In our 
study, although vitamin D level was found to be signifi-
cantly high in ApaI, the fact that disease scores were also 

high can be explained by the attachment disorder caused 
by ApaI. Statistically low levels of vitamin D in psoriasis 
and OSAS patient groups may increase the susceptibility 
to the disease and suggest that the VDR gene mutation 
that mediates the vitamin D effect may also be effective.

Different results of the relationship between VDR poly-
morphisms and susceptibility to psoriasis in different pop-
ulations have been described. VDR ApaI polymorphism has 
been reported to be associated with psoriasis in Korea [34, 
35], China [36], and the Turkish population [37, 38], while 
that in Japan [39], Italy [40], Croatia [41] or Egypt [42] it has 
not been recognized as a risk factor for psoriasis cases. Li 
et al. [43] reported that VDR rs7975232 polymorphism did 
not have a significant effect on susceptibility to psoriasis 
in their meta-analysis evaluating the VDR rs7975232 poly-
morphism and psoriasis susceptibility of 13 case-control 
studies with 1,654 cases and 1,991 controls. In the same 
study, it was shown that VDR BsmI polymorphism was not 
associated with susceptibility to psoriasis in 13 studies in-
volving 1,620 cases and 2,001 controls. Similarly, VDR TaqI 
polymorphism was not shown to be associated with sus-
ceptibility to psoriasis in studies involving 1,690 cases and 
1,857 controls. In two previous case-control studies con-
ducted in the Turkish population, a relationship between 
VDR ApaI polymorphism and psoriasis susceptibility was 
reported [37, 38]. However, we did not observe any predis-
position among all three VDR gene polymorphisms in our 
study. Although our results contradict the results of Kaya 
[38] and Dayangac-Erden [37], our results are consistent 
with the meta-analysis results of Li et al. [43].

In a meta-analysis [21], the VDR gene mutations in 
Caucasians and Asians were not shown to be associated 
with psoriasis susceptibility; but TaqI polymorphism, 
which again causes VDR binding imbalance, was associ-
ated with psoriasis in the Caucasian race. In our study, no 
statistical difference was observed in the VDR gene poly-
morphism between the groups. Contrary to the low vita-
min D levels seen in both diseases, both disease scores 
were found to be high at a level that did not reach statis-
tical significance; although vitamin D levels were found 
to be significantly higher in the group with heterozygous 
ApaI. It shows that this condition, which creates vitamin D  
attachment disorder, may contribute to the exacerbation 
of the disease. This may indicate that in addition to TaqI, 
which has been shown in previous studies and creates 
an imbalance in binding to the receptor, ApaI may also 
cause an exacerbation of the disease in the psoriasis and 
OSAS groups through vitamin D attachment disorder. The 
low number of patient groups may be the reason why 
ApaI heterozygous polymorphism does not reach signifi-
cance in psoriasis and OSAS.

Conclusions

Our study is the first study to evaluate the link and 
the common pathogenesis of psoriasis and OSAS togeth-
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er with VDR gene polymorphisms. We determined that 
VDR gene polymorphisms did not pose a risk for both dis-
eases. However, more studies are needed to investigate 
the association between OSAS and psoriasis.
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