
63
Journal of Clinical Medicine of Kazakhstan: 2021 Volume 18, Issue 5

Original Article DOI: https://doi.org/10.23950/jcmk/11232

JOURNAL OF CLINICAL MEDICINE OF KAZAKHSTAN (E-ISSN 2313-1519)

Abstract
Aim: The aim of the study was to determine the factors associated 

with Obstructıve Sleep Apnea Syndrome (OSAS) severity and vitamin D 
deficiency by examining routine laboratory parameters in patients with 
OSAS without comorbidities. We also aimed to see whether the severity of 
OSAS increased with decreasing levels of vitamin D.

Material and methods: Patients who presented to Adana City 
Training and Research Hospital, Ear Nose Throat Clinic with the symptoms 
of snoring and sleep apnea and who underwent polysomnography (PSG) 
in the sleep laboratory of the Otorhinolaryngology Clinic were included in 
the study. Blood results were analyzed retrospectively from the hospital 
information system. The patients were divided into groups according to 
their Apnea hypopnea Index (AHI) values as simple snoring, mild OSAS, 
moderate OSAS, and severe OSAS. According to the vitamin D values, the 
patients were categorized as sufficient >30 ng/ml, insufficient 20-30 ng/ml 
and deficient <20 ng/ml.

Results: Out of the 777 patients examined 482 patients fulfilling the 
inclusion criteria were analyzed for the study. It was seen that severity of 
OSAS increased concomitantly with decreasing Vitamin D levels. 

Conclusion: Vitamin D deficiency is observed in patients with OSAS 
and is related to the severity of the disease. We think that vitamin D therapy 
may be beneficial in reducing the severity of the disease. 

Key words: obstructive sleep apnea syndrome, polysomnography, 
vitamin D, apnea hypopnae index, parathormone
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Introduction
Obstructive sleep apnea syndrome (OSAS) is a disorder 

characterized by recurrent episodes of partial or complete 
obstruction in the upper airway during sleep and increased 
respiratory effort, oxygen desaturation, sleep interruption, 
and excessive daytime sleepiness. Clinically, snoring is 
the most prominent symptom in patients with OSAS. 
Apart from snoring, nighttime symptoms such as apnea, 
nocturia, night sweats, dry mouth, frequent awakening, and 
daytime symptoms such as headache, excessive daytime 
sleepiness, concentration disorder, cognitive and mood 
changes are observed. OSAS affects 3-9% of middle-aged 
women and 10-17% of men [1]. Obesity, advanced age, 
menopause, anatomic disorders of the head and neck, male 
sex, smoking, alcohol, and sedative drugs play a role in the 
development of OSAS [2]. Psychiatric symptoms such as 
cognitive impairment, depression, irritability, and anxiety 
may appear as the referral symptoms of OSAS. To diagnose 
OSAS, which can cause serious health problems, there is 

no biochemical parameter other than a detailed anamnesis 
taken during clinical evaluation and physical examination 
is insufficient. Therefore, in addition to clinical evaluation, 
the presence of sleep-related breathing disorder should be 
demonstrated objectively for diagnosis. 

Currently, the gold standard diagnostic test in 
the diagnosis of respiratory-related sleep disorders is 
polysomnography (PSG) performed in the sleep laboratory 
[3]. However, we know that in clinical practice, sleep 
disorders are diagnosed late due to various reasons such as 
the increase in patient density and insufficient training in 
primary care medicine, and therefore delays in treatment. 
Sympathetic activation, endothelial dysfunction, systemic 
inflammation, and hypercoagulability occur with hypoxia-
reoxygenation attacks in patients with OSAS. As a result, 
various endocrinopathies such as high blood pressure, 
high glucose, increased waist circumference, low high-
density lipoprotein (HDL), high triglyceride levels, and 
osteoporosis can be seen [4,5].
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Vitamin D is a fat-soluble vitamin that plays a role in 
bone and mineral metabolism. Vitamin D is taken into our body 
orally with food or is created in the skin by sunlight [6]. Serum 
25-hydroxy vitamin D levels are used to determine vitamin D 
levels in our body [7]. Vitamin D deficiency results in a decrease 
in intestinal calcium absorption, leading to a decrease in serum 
calcium concentration. Vitamin D plays a role in the regulation 
of bone metabolism and calcium homeostasis. In addition, 
vitamin D receptors play an important role in the regulation of 
changes in the sleep-wake cycle in many brain regions including 
the hypothalamus. Low Vitamin D levels in the blood cause 
weakness in the skeletal and muscular system [8]. In Vitamin 
D deficiency, musculoskeletal functions deteriorate and the 
incidence and severity of OSAS increase due to the decrease in 
muscle tone in the upper respiratory tract [9]. Low Vitamin D 
levels are associated with airway inflammations such as rhinitis, 
adenoiditis, tonsillar hypertrophy, and this increases the severity 
of OSAS [10,11]. 

Different results were obtained in studies examining the 
relationship between OSAS and vitamin D in the literature. 
The aim of the study was to determine the factors associated 
with Obstructıve Sleep Apnea Syndrome (OSAS) severity 
and vitamin D deficiency by examining routine laboratory 
parameters in patients with OSAS without comorbidities. We 
also aimed to see whether the severity of OSAS increased with 
decreasing levels of vitamin D.

Materıal and methods
Patients who presented to Adana City Training and Research 

Hospital, Ear Nose Throat Clinic with the symptoms of snoring 
and sleep apnea and who underwent PSG in the sleep laboratory 
of the Otorhinolaryngology Clinic between June 2019 and 
December 2019 were included in the study. Before PSG, blood is 
routinely taken from patients for a hemogram and biochemistry 
tests to determine the presence of any endocrinologic disorders. 
İnclusion criteria are; patients without diabetes mellitus (DM), 
coronary artery disease (KAH), hypertension (HT), metabolic 
syndrome (MS), cancer, autoimmune diseases, musculoskeletal 
disease, cerebrovascular diseases (SVO). Patients whose blood 
results were registered in the hospital information system 
were included in the study. Patients who had any disease that 
could affect vitamin D and PTH levels or who used vitamin D 
externally were excluded from the study.

Before the PSG test, blood samples were taken from all 
patients (12 hours fasting) for the measurement of vitamin D 
serum levels and other biochemical parameters. After coagulation, 
the tubes were centrifuged and kept at -80°C until required for 
analysis. Serum vitamin D was measured by ARCHITECT 
25 (OH) D chemiluminescent microparticle immunoassay 
(Abbott Diagnostics, Wiesbaden, Germany) [12]. This method 
is an automated calibration instrument system consisting of an 
immunoassay for the quantitative measurement of 25 (OH) D. 
PSG and blood results were analyzed retrospectively. The study 
was approved by Adana City Training and Research Hospital 
Clinical Research Ethics Committee (Date: July 1st, 2020; 
Decision: 963).

PSG recordings of all patients were evaluated retrospectively 
and cross-sectionally. Sleep and physiologic variables were 
monitored using a Comet-PLUS Grass® (Astro-Med Industrial 
Park, West Warwick, USA) PSG. Electroencephalography 
(EEG) with 10 channels (C3, C4, O1, O2, Fp1, Fp2, F3, F4, 
P3, P4), submental electromyography (EMG), right and left 
eye electrooculography (EOG), electrocardiography (ECG), 
oronasal airflow (thermal sensor and nasal pressure transducer), 

body position, thoracic and abdominal motion meter (inductance 
plethysmograph), arterial blood oxygen saturation measurement 
with finger pulse oximetry, left and right leg motion sensors 
(EMG) , and a tracheal microphone were used.

Apnea was defined as a reduction of more than 90% in 
the airflow signal measured by the thermal sensor for at least 10 
seconds. Hypopnea was defined as a decrease in nasal pressure 
signal for at least 10 seconds, more than 30% compared with 
basal, and resulting in desaturation or arousal more than 3% 
compared with basal. The AHI value is obtained by dividing the 
sum of the apnea and hypopnea numbers by the person's sleep 
time. Thus, the AHI in 1 hour is revealed Apnea-Hypopnae 
Index (AHI) 0-4.9 = simple snoring, AHI 5-14.9 = mild OSAS; 
and AHI: 15-29.9 were evaluated as moderate OSAS, and AHI 
>30 as severe OSAS. The patients were divided into groups 
according to their AHI values as simple snoring, mild OSAS, 
moderate OSAS, and severe OSAS. BMI was calculated by 
measuring height and weight by the same person using sensitive 
scales and a tape measure in the outpatient clinic.

Blood results were analyzed retrospectively from 
the hospital information system. The patients' Vitamin D, 
parathormone (PTH), total cholesterol, triglyceride, low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), ferritin, 
thyroid-stimulating hormone (TSH), B 12, and hemoglobin 
(HGB) values were recorded by the same person. According to 
the vitamin D values, the patients; Cathogarized as sufficient 
>30 ng/ml, insufficient 20-30 ng/ml and deficient <20 ng/ml.

The analysis of the data was performed using the SPSS 
22.0 package program. Demographic information and clinical 
characteristics of patients p1: Kruskal Wallis test, p2: Chi-
square test (percentages are evaluated according to rows) * It 
was made with the Linear-by-Linear Association and mean-
median values were given. The hemogram and biochemistry 
values of the patients were compared with the Kruskal Walls 
test according to the groups and the median-mean values were 
determined. Multiple Binary Logistic Regression between 
Mild+moderate+severe OSAS with simple OSAS was done. 
P<0.05 was considered significant.

Results
Out of the 777 patients examined 482 patients fulfilling the 

inclusion criteria were analysed for the study. 87 patients were 
evaluated as simple snoring, 133 patients as mild OSAS, 102 
patients as moderate OSAS, and 160 patients as severe OSAS 
(Table 1).

Medians of age differ according to AHI groups (p=0.002). 
Accordingly, this difference is between the simple snoring and 
severe OSAS groups (p<0.05).The average age of the severe 
OSAS group is the highest. BMI medians differ according to 
AHI groups (p<0.001). Accordingly, this difference is between 
the simple snoring and moderate and severe OSAS, mild and 
severe OSAS, moderate and severe OSAS (p<0.05). Severe 
OSAS group with the highest BMI. A significant relationship 
was found between AHI and gender (p=0.021). Accordingly, the 
rate of males in the severe OSAS was higher than the simple 
snoring ,mild and moderate group, and the rate of males in the 
moderate OSAS was higher compared to the simple snoring 
(p<0.05).The group with the highest male gender is the severe 
OSAS group. A significant relationship was found between AHI 
and smoking (p=0.021). Accordingly, the proportion of smokers 
in the sever OSAS was higher than that of the simple snoring, 
mild and moderate group, and the proportion of smokers in the 
moderate OSAS group was higher than that of the simple snoring 
(p<0.05).The highest smoking rate is in the severe OSAS group. 
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A significant relationship was found between AHI and vitamin D 
levels (p=0.021). Accordingly, the ratio of simple snoring, mild 
and moderate OSAS was higher in the sufficiency group than 
the heavy OSAS (p<0.05). Vitamin D is deficient in 73.8% of 
the severe OSAS group, 68.6% of the moderate OSAS group, 
and 62% of the mild OSAS group.The group with the highest 
vitamin D deficiency is the severe OSAS group (Table 1).

Total Cholesterol medians differ according to AHI groups 
(p=0.003). Accordingly, this difference is between the simple 
snoring and moderate and severe, mild and severe OSAS (p 
<0.05). The highest cholesterol levels were seen in severe 
OSAS . Triglyceride medians differ according to AHI groups 

(p<0.001). Accordingly, this difference is between the simple 
snoring and mild, mild and severe, moderate and severe OSAS 
(p<0.05). The highest Triglyceride levels were seen in severe 
OSAS. HDL medians differ according to AHI groups (p=0.009). 
Accordingly, this difference is between severe and mild and 
moderate OSAS (p<0.05). The highest HDL levels were seen 
in mild OSAS. HGB medians differ according to AHI groups 
(p=0.009). Accordingly, this difference is between the simple 
snoring and severe OSAS (p<0.05). The highest hemoglobin 
levels were seen in severe OSAS. The group with the lowest 
vitamin D level is the severe OSAS group (Table 2).

Table 1 Demographic, lifestyle and clinical characteristics of study subjects by severities of OSAS

p1: Kruskal Wallis test, p2: Chi-square test (percentages are evaluated according to rows) * Linear-by-Linear Association
BMI:Body mass index

Total (n=482) Simple snoring (n=87) Mild OSAS (n=133) Moderate OSAS (n=102) Severe OSAS (n=160) p1

Median [IQR]
Mean(SD)

Median [IQR]
Mean(SD)

Median [IQR]
Mean(SD)

Median [IQR]
Mean(SD)

Median [IQR]
Mean(SD)

Age 45.13±11.07
45 [37.5-53]

41.38±11.54
43 [33-49]

45.07±10.43
45 [37-52]

44.58±11.14
46 [38.75-51.25]

47.58±10.74
47 [40-55]

0.002

BMI 29.9±6.03
29 [27-32]

28.46±7.51
28 [25-29]

28.73±4.28
28 [26-30]

29.56±4.82
29 [27-31]

31.88±6.59
31 [29-35]

<0.001

N % n % N % n % n % p2
Sex
Male 358 74.3 50 58.6 90 68.4 76 74.5 139 87.5 <0.001
Female 124 25.7 36 41.4 42 31.6 26 25.5 20 12.5
Smoking
No 291 60.4 67 77.0 90 68.4 60 58.8 73 45.6 <0.001
Yes 191 39.6 20 23.0 42 31.6 42 41.2 87 54.4
Vitamin D
Deficiency 336 69.7 54 62.1 94 70.7 70 68.6 118 73.8 0.021*
İnsufficiency 111 23.0 24 27.6 27 20.3 21 20.6 39 24.4
Sufficiency 

35 7.3 9 10.3 12 9.0 11 10.8 3 1.8

Total 
(n=482)

Simple snoring (n=87) Mild OSAS (n=133) Moderate OSAS (n=102) Severe OSAS (n=160)

Mean(SD) Median [IQR] Mean(SD) Median [IQR] Mean(SD) Median [IQR] Mean(SD) Median [IQR] Mean(SD) Median [IQR] P
Parathormone 49.58

±26.21
47 [33-60] 52.71±

41.91
47 [34-60] 48.84±

21.15
47 [33.25-63] 47.6±

23.65
45 [28-61.5] 49.74±

19.79
47 [35.25-
60]

0.646

Total Cholesterol 223.21
±176.98

200 [154-254] 200.39±
121.27

187 [123-
221]

201.09±
86.97

200 [131-250] 218.27±
96.45

200.5 [157.25-
242.25]

257.17±
270.24

210 [170-
268]

0.003

Triglyceride 228.44
±151.99

193 [129.75-
276.25]

188.13±
150.35

145 [99.5-
228.5]

211.75±
131.65

183 [115.5-
274.5]

226.26±
126.93

201 [149.75-
266.75]

265.16±
174.76

215.5 
[158.25-
308.25]

<0.001

LDL 139.44
±41.05

141 [115-
161.5]

132.88±
44.79

121 [100-
154.5]

141.06±
46.82

148 [111.25-
169.75]

140.03±
38.4

143 [116.75-
163]

141.28±
35.24

141 [123-
160]

0.036

HDL 47.94±
23.82

43 [37-50] 45.47±
15.45

43 [37-50.5] 51.19±
27.09

45 [38.5-52] 50.03±
25.74

44.5 [37.75-
50]

45.26±
23.15

40 [36-48] 0.009

Ferritin 70.83±
66.2

50 [23-93] 63.17±
65.12

44 [20-86] 64.55±
58.89

45 [25-85] 70.43±
64.93

55.5 [21-91] 80.52±
72.44

56 [29.5-
110]

0.073

TSH 1.74±
3.07

1 [0.9-2] 1.45±
1.06

1 [1-2] 1.47±1.11 1 [0.9-1.9] 1.74±
2.37

1 [0.9-1.95] 2.13±
4.82

1 [1-2] 0.618

B12 vitamin 220.92±
127.02

197 [144.25-
257]

253.52±
176.25

203 [158.5-
278]

213.59±
84.14

200 [149.5-
260]

216.91±
135.91

192.5 [141.75-
250.25]

211.99±
117.31

192 [137-
250]

0.266

HGB 13.9±2.14 14 [13-15] 13.43±
2.12

14 [13-15] 13.98±
2.94

14 [13-15] 13.75±
1.53

14 [13-15] 14.18±
1.58

15 [13-15] 0.006

D vitamin 18.23±9.5 17 [12-22] 19.59±
10.77

18 [12-25] 18.67±
8.95

18 [12.5-22] 18.74±
10.61

15 [12-22] 16.79±
8.29

15.5 [11-21] 0.158

p: Kruskal Wallis test
LDL:Low-density lipoprotein cholesterol , HDL: high- density lipoprotein cholesterol TSH: Thyroid Stimulating Hormone
HGB:Hemoglobine 

Table 2 Hemogram and biochemistry values of study subjects according to the severity of OSAS
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Age in mild+moderate+severe OSAS patients compared to 
simple OSAS patients 1.037, female 0.368 and BMI 1.055 times 
(p<0.05). Vitamin D level was not significant (p>0.05) (Table 3).

There is a very weak negative correlation between AHI and 
vitamin D (r= -0.112; p=0.014). Generally, as AHI increased, 
vitamin D level decreased (Figure 1). The mean AHI of the 
group with Vitamin D deficiency was 29.9, the mean AHI of the 
group with Vitamin D insufficient was 24.7, and the mean of the 
group with Vitamin D sufficient was 16.04.

Discussion
OSAS is an inflammatory disease with hypoxia and 

reoxygenation attacks. There are many studies in the literature 
investigating the relationship between OSAS and Vitamin D 
[12]. Vitamin D has an important role in the control of bone 
and mineral metabolism, and it is also effective in regulating 
the sleep-wake cycle because it has receptors at many points in 
the brain, especially in the hypothalamus. Since our study was 
performed on patients who came to the outpatient clinic with the 
suspicion of OSAS, Vitamin D deficiency was observed with a 
high rate of 69.7%. Vitamin D level decreased as the severity 
of OSAS increased. In addition, total cholesterol, Triglyceride, 
LDL and hemoglobin levels were higher in the severe OSAS 
group. No significant relationship was found in parathyroid 
hormone levels. Severe OSAS group had higher mean age, 
higher BMI and smoking rates.

Table 3 Multiple Binary Logistic Regression between 
Mild+moderate+severe OSAS with simple OSAS 

p:Multiple Binary Logistic Regression

Odds Ratio 95% C.I.for Odds Ratio p

Lower Upper

Age 1,037 1,014 1,060 0,001

Sex (female) 0,368 0,221 0,612 <0,001

Bmı 1,055 1,001 1,111 0,045

Vitamin d 
(deficient)

Ref. 0,123

Vitamin d 
(insufficient)

0,604 0,345 1,056 0,077

Vitamin d 
(sufficient)

0,554 0,236 1,303 0,176

Constant 0,315 0,167

Figure 1 - Correlation of serum vitamin D level with apnea- 
hypopnea index (AHI) in all subjects

Kul et al. found that vitamin D levels were significantly 
lower in patients with OSAS compared with the control group, 
but BMI and PTH levels were higher. The lowest vitamin D 
level and highest PTH level were found in the severe OSAS 
group. Therefore, eliminating vitamin D deficiency in these 
patients may reduce the severity of the disease and contribute to 
the treatment process [13]. As in our study, patients with OSAS 
had vitamin D deficiency and this rate was higher in patients 
with severe OSAS.

Vitamin D is a steroid hormone that plays an important 
role in Ca-P (phosphorus) metabolism and bone mineralization. 
Ethnic origin, physical activity, nutrition, smoking, obesity, and 
genetic reasons affect vitamin D metabolism. Çelikhisar et al. 
used the Berlin Sleepiness Questionnaire on city bus drivers 
and according to the survey, performed PSG on individuals 
at high risk for OSAS. According to the AHI values, patients 
with mild OSAS were included in the control group, and those 
with moderate-severe OSAS were included in the patient group. 
No statistically significant difference was found between the 
control group and the patient group regarding age, phosphorus, 
calcium, serum Vitamin D, and serum PTH levels. In some 
OSAS diseases, vitamin D levels are not low. In our study, age 
was higher and smoking was found to be higher with BMI in 
the severe OSAS group. The lowest Vitamin D level was found 
in the severe OSAS group. However, Çelikhiisar et al. As it is, 
there was no significant difference in PTH levels. Variables 
such as occupation, age, physical activity, gender, weight can 
produce different results in the relationship between OSAS and 
vitamin D. It is known that acceleration, brake movements and 
stop-and-go movements are quite frequent in urban traffic due 
to heavy traffic and traffic lights. Therefore, hip, leg, and arm 
activity is quite high. This type of physical activity is equivalent 
to regular exercise, which can cause normal vitamin D values 
and not detecting high PTH levels, such as in those who exercise 
regularly [3].

Vitamin D and PTH, except for bone and Ca metabolism 
is also associated with obesity, DM, MS, and insulin resistance 
(IR) [14]. Vitamin D treatment decreases systemic inflammation 
by decreasing insulin resistance [15]. Vitamin D deficiency 
and PTH elevations in patients with OSAS are associated with 
abnormal glucose metabolism. Zegin Fan et al. found that IR 
in the severe OSAS group was significantly higher than in the 
control group. Vitamin D values are negatively correlated with 
AHI and IR [16]. We did not measure IR, because the study was 
retrospective and this was not our aim. But we eliminated those 
with comorbid disease detectable by background reports at the 
beginning of the study. 

OSAS is a disease that progresses with complete or partial 
obstruction of the upper respiratory tract and causes hypoxia and 
sleep interruption. Continuous positive airway pressure (CPAP) 
therapy is the best treatment method today. Claudio et al. found 
that after seven nights of CPAP treatment, vitamin D levels of 
male patients who responded to treatment were significantly 
higher than before the CPAP treatment. They could not find the 
same increase in female patients who responded to the treatment. 
This study concluded that short-term CPAP therapy increased 
vitamin D levels in male patients. OSAS often affects women 
after menopause. The same effect may not be seen in women 
because postmenopausal hormones are important in vitamin D 
regulation. In the future, more studies are needed to investigate 
the positive effects of CPAP treatment on vitamin D and PTH 
levels [17].
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Salepci et al. concluded that there was no difference 
between the vitamin D levels of patients with and without 
OSAS. They also found no relationship between vitamin D 
levels and diabetes, age, ODI, and min SO2 [18]. This may be 
because the study groups were small, it was a cross-sectional 
study, and many factors affect vitamin D levels. Some studies of 
populations in developing countries, including Turkey, reported 
having low levels of vitamin D [19]. Forty-seven percent of the 
population in a population-based study conducted in Turkey 
had vitamin D deficiency with an average vitamin D level of 
22.8ng/mL [20]. In our study, vitamin D levels are lower than 
the general population in Turkey because we measured the level 
of vitamin D in patients undergoing PSG. 

Barcela et al. divided patients with OSAS into three 
groups according to their vitamin D levels as normal, low and 
very low. Patients with very low vitamin D levels have higher 
AHI, arousal index, glucose, cholesterol, triglyceride, and PTH 
levels, and minSO2, and mean SO2 values are lower in older 
patients [21]. In our study, we grouped the patients according 
to AHI level, not Vitamin D level. We found the highest total 
cholesterol, triglyceride, and LDL values in the severe OSAS 
group, the group with the lowest vitamin D levels in the severe 
OSAS group. 

There are different hypotheses to explain the relationship 
between OSAS and vitamin D. Pro-inflammatory cytokines 
increase in vitamin D deficiency, and anti-inflammatory 
cytokines decrease. Thus, with the increase of inflammatory 
pathways, vitamin D deficiency may cause OSAS [22]. Also, 
as in chronic obstructive pulmonary disease (COPD), hypoxia 
may be the cause of vitamin D deficiency in patients with 
OSAS [23]. Another important issue is inadequate vitamin 
D levels; adenotonsillar hypertrophy may increase the risk of 
OSAS by causing chronic rhinitis and upper respiratory muscle 
myopathy [24]. Limited exposure to sunlight due to excessive 
daytime sleepiness, restricted physical activity due to obesity, 
and inadequate nutrition are causes of vitamin D deficiency 
[25]. The ages, sexes and BMIs of the patient and control 
groups were matched in the study by Ahmed Abbas et al. The 
Epworth Sleepiness Scale (ESS) was applied to both groups, but 
PSG was not used with the control group. When the patients 
with OSAS were compared with the control group, ESS was 
higher and vitamin D values were lower. Vitamin D values are 
low in patients with OSAS and this correlates with the severity 
of the disease [26]. In the future, multi-center cross-sectional, 
prospective studies are needed to examine the effects of vitamin 
D treatment on disease severity and quality of life in patients 
with OSAS.

Some studies have shown that there are vitamin D receptors 
(VDR) in neuronal and glial tissues in the central nervous 
system, as in all tissues in the body [27]. VDRs are present in 
many regions of the human brain such as the prefrontal cortex, 
cingulate gyrus, thalamus, substantia nigra, and hippocampus, 
including the hypothalamus, a brain region that regulates the 
sleep-wake cycle [28]. Obstructive sleep apnea and short sleep 
duration are associated with low serum vitamin D levels. The 
greater proportion of sleep symptoms and disturbances in older 
adults may support that an age-related mechanism related to 
vitamin D affects serum levels and metabolism. Vitamin D 
deficiency is increasingly common in both OSA and sleep 
shortening, and is thought to be linked to the most common 
chronic diseases. In the study of Ronaldo et al. short sleep 
duration was evaluated as total sleep time <6 hours and Vitamin 
D deficiency <30 ng/mL. In their study, they concluded that 

age, sex, ethnicity, obesity, smoking, hypertension, diabetes, 
sedentary lifestyle, seasonality, and creatinine serum levels were 
associated with vitamin D deficiency in both OSAS and short 
sleep. To our knowledge, their study is the first to show that 
moderate to severe OSAS and short sleep duration are associated 
with vitamin D deficiency [29]. 

Vitamin D is one of the most important factors in hypoxia, 
reoxygenation attacks and cytokine release mechanism in 
OSAS [30]. It has been shown in many studies, that systemic 
biomarkers such as interleukin (IL)-6, C-reactive protein (CRP) 
and IL-17 increase in OSAS [31,32]. Redline et al. also found 
that IL-17 increased in OSAS and was related to the severity 
of OSAS [33]. To better understand the mechanisms of serum 
vitamin D deficiency and its relationship with inflammation 
in patients with OSAS, future multicenter clinical studies are 
needed.

OSAS is generally seen in a population with common 
obesity and is associated with endocrine pathologies such as 
T2DM [34-36]. Danyan et al. reported that serum vitamin D 
levels had no significant relationship with AHI; however, they 
stated that it increased the risk of OSAS in patients with T2DM 
[37]. The fact that most patients with T2DM patients were obese, 
the study being cross-sectional, and having a limited number of 
patients may have been the limitations of this study. 

In a meta-analysis performed by Sikarin et al., it was 
stated that moderate and severe OSAS were associated with low 
vitamin D levels [38]. The low vitamin D level in OSAS is due 
to hypoxia caused by chronic obstructive pulmonary disease 
(COPD). This was the first systemic review and meta-analysis 
to investigate the relationship between OSAS and low vitamin 
D levels. There were no chronic diseases such as COPD in our 
patient population.

The limitations of our study include the effects of many 
diseases on vitamin D levels, the possibility of vitamin D 
supplementation even if there is no such record in the hospital 
data, and the fact that vitamin D levels can be affected by 
seasonal conditions and nutritional status.

Conclusions
Vitamin D deficiency is observed in patients with OSAS 

and is related to the severity of the disease. In the follow-up of 
patients with OSAS and compliance with treatment, instead of 
an expensive and time-consuming procedure like PSG, we can 
look at vitamin D levels in the outpatient clinic. We think that 
vitamin D therapy may be beneficial in reducing the severity of 
the disease. 
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