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Abstract
Purpose Obstructive sleep apnea (OSA) is a disorder characterized by recurrent episodes of obstruction of the upper respiratory
tract during sleep often accompanied by oxygen desaturations. Antioxidant defense mechanisms are important to prevent OSA-
associated diseases and decrease mortality. We aimed to determine the levels of selenium and vitamins A, C, and E in patients
with OSA but without any comorbidities and compare the results with a control group, theorizing that the findingsmay be helpful
to understand the antioxidant mechanisms in the pathogenesis of OSA and associated diseases.
Methods We designed a case-control study with 146 subjects. Subjects were categorized into four groups by apnea-
hypopnea index (AHI) scores: control (n = 32; AHI < 5), mild OSA (n = 32; 5 ≤AHI < 15), moderate OSA (n = 34; 15 ≤AHI
< 30), and severe OSA (n = 48; AHI ≥ 30) groups. Serum levels of selenium were measured by atomic absorption spectrometer.
Vitamin A, C, and E levels were measured by high-performance liquid chromatography and ultraviolet (HPLC-UV) detector.
Results After adjusting for age, BMI, and gender, serum selenium and vitamin A levels were found to be higher in patients
with OSA compared with controls (ANCOVA, p < 0.008, and p = 0.014 respectively), and levels of these markers increased with
the severity of the disease. AHI was positively correlated with selenium (r = 0.289; p < 0.001), and vitamin A levels (r = 0.276;
p < 0.001).
Conclusion These results demonstrated that antioxidant response with increased vitamin A, and selenium concentrations, may be
important defense mechanisms in patients with OSA patients who do not have other comorbidities. Antioxidant nutrients or
supplements may be implemented as a complementary treatment of OSA to support antioxidant defense.
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Introduction

Obstructive sleep apnea (OSA) is a disorder characterized
by recurrent episodes of obstruction of the upper respiratory
tract during sleep and commonly associated with oxygen
desaturations [1]. OSA is a common sleep disorder with a
20 to 50% prevalence in older adults. OSA patients had a
greater risk of developing life-threatening complications

such as hypertension, coronary artery disease, and stroke
[2]. OSA-associated diseases develop slowly and increase
mortality that makes OSA an important public health con-
cern. The antioxidant defense mechanism is important to
prevent OSA-associated diseases and decrease mortality
[3].

Vitamins A, C, and E are the main antioxidant vitamins that
protect cells against lipid peroxidation and decrease the risk of
oxidative stress-related diseases including cardiovascular dis-
eases and diabetes [4, 5]. Selenium is also known for its bio-
logical functions as an enzymatic cofactor of selenoproteins
that participate in antioxidant defense and immune responses
[6]. Previous studies demonstrated that vitamins and selenium
are associated with OSA pathogenesis [3, 7–9]. Vitamin A
and vitamin E levels were lower compared with healthy con-
trols [3, 9]. In addition, serum selenium levels were also lower
in patients with OSA [7].
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These data suggest that diminished antioxidant defense
mechanisms such as vitamins and selenium may contribute to
pathogenesis of OSA. We therefore aimed to determine the
levels of selenium and vitamins A, C, and E in patients
with OSA who did not have comorbidities and to compare
the results with a control group. We theorized that the results
may be helpful to understand the antioxidant mechanisms in
OSA pathogenesis and associated diseases. We hypothesized
that patients with OSA without any comorbidities may have
higher antioxidant response compared with healthy controls.

Material and methods

Study design

We enrolled 270 participants who were referred to Mugla
Sitki Kocman University Training and Research Hospital
Sleep Laboratory between July 2018 and April 2019 for the
first polysomnography (PSG) for suspicion of OSA.
Exclusion criteria were age under 18 and morbid obesity
(BMI > 40), vitamin supplement usage in 3 months, previous-
ly diagnosed OSA and using a continuous positive airway
pressure (CPAP) device, history or diagnosis of narcolepsy,
parasomnia, coronary artery disease, diabetes mellitus, hyper-
tension, and chronic obstructive pulmonary disease. After ex-
clusions, the remaining 114 newly diagnosed, without any
comorbidities, untreated OSA patients and 32 subjects with-
out OSA were included in our study (Fig. 1).

Polysomnography

Polysomnography was performed in the Clinical
Neurophysiology Laboratory of Mugla Sitki Kocman
University Research and Training Hospital for patients with
OSA symptoms by using an Embla N7000 (Natus, Kanata,
Canada) PSG system. PSGwas performed during the patient’s
spontaneous sleep by a technician. Electroencephalogram
(EEG), electrooculogram (EOG), electromyogram (EMG),
nasal airflow, body position, and blood oxygen saturation
(pulse oximetry) were recorded all night. This data was scored
manually by the certified neurologist according to the
American Academy of Sleep Medicine (AASM) manual
[10]. The apnea-hypopnea index (AHI) is the total number
of apneas and hypopneas per hour of sleep. We categorized
all participants by using AHI scores as No OSA (AHI < 5),
mild OSA (AHI between 5 and 14.9), moderate OSA (AHI
between 15 and 29.9), and severe OSA (AHI ≥ 30).

Biochemical analysis

After overnight fasting, venous blood samples were collected
into gel-separated blood tubes by venipuncture before patients
were discharged from the hospital. The blood tubes were left
at room temperature for 10–20 min for separation of serum
followed by centrifugation at 2000×g for 10 min. The follow-
ing biochemical parameters were analyzed in the same day:
glucose, C-reactive protein (CRP), urea, creatinine, alanine
transaminase (ALT), aspartate aminotransferase (AST),
cholesterol, and triglycerides, and high-density lipoprotein

Fig. 1 Flow diagram of the study
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cholesterol (HDL-C) concentrations were determined by
enzymatic methods on a COBAS 8000 (c702) biochemical
analyzer (Roche Diagnost ics GmbH; Mannheim,
Germany). Low-density lipoprotein cholesterol (LDL-C)
levels were calculated using the Friedewald equation [11].
Remaining serums were aliquoted and stored at – 80 °C
until selenium and vitamin A, C, and E analyses.

Serum vitamin C (ascorbic acid) levels were measured by
using high-performance liquid chromatography and ultravio-
let (HPLC-UV) detector [12]. L-Ascorbic acid was purchased
from Shinyo Pure Chemical Co. (Osaka, Japan). D-Isoascorbic
acid, metaphosphoric acid, and all other reagents were of an-
alytical grade and were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Ascorbic acid analysis was performed at
245-nm wavelengths. Chromatographic separations were per-
formed using a Zorbax Eclipse XDB-C18 (4.6 μm× 150 mm,
particle size 3.5 μm). The mobile phase consisted of
1.8 mmol/L sulfuric acid in diH2O. The flow rate was kept
constant at 0.8 mL/min.

Serum vitamin E (α-tocopherol) and vitamin A (β-
carotene) levels were measured by the HPLC-UV method.
Serum samples were deproteinized with ethanol/chloroform
(4:3), and chromatographic separation of analytes was per-
formed by Agilent 1260 Infinity HPLC system, using
Nucleosil® C18, 10 μm, 125 mm× 4 mm, and isocratic elu-
tion of methanol:isopropanol:diH2O (90:14:6). The detection
wavelength was set at vitamin A: 325 nm and vitamin E:
300 nm, with a flow rate of 1 mL/min.

Serum selenium levels were determined using a graphite
furnace atomic absorption spectrometer (Thermo Scientific,
iCE 3300 AAS, Waltham, MA USA).

Outcome questionnaires

Demographic information like age, sex, body mass index
(BMI), medications, and comorbidities were obtained from
the patient’s medical record. Excessive daytime sleepiness
(EDS) was evaluated using the Epworth Sleepiness Scale
(ESS) [13], which is an eight-item questionnaire. The total
possible score ranges from 0 to 24. ESS scores greater than
16 indicate severe sleepiness during daily activities.

Statistical analysis

Statistical analysis was done using SPSS software (IBM SPSS
Statistics, version 22.0. Armonk, NY: IBM Corp). We hy-
pothesized (H0) that there are no differences in the levels of
selenium and vitamins between controls and OSA patients.
The sample size and power calculations were carried out using
the G*Power software version 3.1 (Düsseldorf University,
Germany). The effect size was determined as 0.85 and sample
size as 140 by using data of a previous study [3].

The Shapiro-Wilk test was used to evaluate the distribution
of variances. Variables with normal distribution were presented
as mean ± SD and non-normally distributed variables were
presented as median and quartiles (25–75th percentiles).
Differences among the groups for each parameter were ana-
lyzed by analysis of covariance (ANCOVA) using Tukey cor-
rection for normally distributed parameters and Kruskal-Wallis
test for non-normally distributed parameters. The correlation
between variables was explored by using the Spearman’s cor-
relation analysis. All p values less than 0.05 were considered
statistically significant.

Results

A total of 146 subjects (47 female, 99 male) who underwent
PSG were included in this study. Post hoc power calculations
showed that our sample size gave 0.952 power and 1.093 effect
size for selenium at the level of α error probability = 0.05. One
hundred fourteen subjects were diagnosed as OSA (AHI ≥ 5),
while 32 subjects were negative (AHI < 5). The average sleep
efficiency percentage of the controls was 87.47% ± 9.71, and
the average percentage of REM to total sleep time was 16.15%
± 5.39. They had no complaints of excessive daytime sleepi-
ness, and their ESS scores were lower than 10. The mean age of
OSA patients was 46.5 ± 10.7 (range 18–69 years), while the
mean age for controls was 34.9 ± 10.8 (range 18–64 years). The
mean BMI of the OSA patients was significantly higher than
the control group (30 ± 4.5 kg/m2 vs 24 ± 3.3 kg/m2, p < 0.001).
OSA patients were prevalently male (85 males, 75%; 29 fe-
males, 25%) and older than the control group (47 vs 35 years,
p < 0.001). There was no statistically significant difference be-
tween the groups in terms of ESS scores. The descriptive sta-
tistics of OSA patients and controls are shown in Table 1.

After adjustment for age, BMI, and gender, serum selenium
levels were found lower in the control group compared with
the severe (ANCOVA, Tukey adjusted p = 0.008), the moder-
ate (p = 0.041), and the mild OSA groups (p = 0.027).
Although there was no significant difference in selenium
levels between OSA subgroups, severe OSA group had the
highest levels. Regarding vitamin concentrations, serum vita-
min A levels were found higher in OSA patients compared
with controls (ANCOVA, p = 0.014). By contrast, there was
no significant difference in vitamin E and C levels between
OSA patients and controls (ANCOVA, p = 0.075, p = 0.209,
respectively) (Table 2, Fig. 2).

Other routine biochemical parameters were also compared
to evaluate the possible confounding effect of these parameters
in OSA patients. After adjustment for age, BMI, and gender, it
was observed that serum levels of glucose, urea, creatinine,
cholesterol, LDL-C, HDL-C, triglycerides, CRP, and ESR
did not show any significant difference between groups
(ANCOVA, p > 0.05) (Table 3).
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AHI was positively correlated with BMI (r = 0.54;
p < 0.001), cholesterol (r = 0.349; p < 0.001), CRP (r =
0.286; p < 0.001), vitamin A (r = 0.276; p < 0.001), and sele-
nium levels (r = 0.289; p < 0.001). Vitamin E levels were not
significantly correlated with AHI (Fig. 3). There was no cor-
relation between the antioxidant (vitamins A, C, and E and
selenium) and routine biochemical parameters (glucose, urea,
creatinine, cholesterol, LDL-C, HDL-C, triglycerides, CRP,
and ESR).

An association between obesity (BMI > 30) and OSA was
observed, as usual, χ2(1) = 10.87, p < 0.001. We also ob-
served an association between male sex and OSA, χ2(3) =
18.43, p < 0.001.

Discussion

In this study, we evaluated the antioxidant mechanisms by
measuring serum levels of vitamins A, E, and C, and selenium

in patients with OSA. The main finding of our study was the
higher levels of selenium, and vitamin A in OSA patients
compared with the control group, and levels of these antioxi-
dants increase with the severity of the disease. The literature is
very limited regarding the studies investigating the role of
selenium and antioxidant vitamins in OSA pathogenesis.

Selenium deficiency decreases antioxidant activity and im-
pairs the scavenging of free radicals especially in systemic
inflammatory diseases [14]. Chen et al. found lower concen-
trations of selenium that reflect oxidative damage in patients
with newly diagnosed mild-to-moderate OSA patients [7].
Our results do not support this mechanism. The significance
of increased selenium in our patients is not known. A reason-
able explanation for conflicting results reported in the litera-
ture might be due to the adaptation mechanism of
selenoproteins against chronic hypoxia and oxidative stress.
Besides, our patients had no medications, and comorbidities,
so selenium levels were not affected by other diseases. The
number of patients with severe OSA in our study was much
higher than this study which may cause contradictory results.

Previous studies showed a relationship between OSA and
antioxidant response, but their results have been challenged.
Some authors provided findings suggesting that OSA patients
had lower antioxidant levels [15–18]. Singh et al. found that
antioxidant glutathione levels decreased in OSA patients
which got restored after CPAP therapy followed by oral anti-
oxidant supplementation (vitamin E 400 IU and vitamin C
100 IU for 45 days) [19]. On the other hand, some studies
showed no significant differences [20, 21]. Christou et al.
found that antioxidant capacity was not different between
OSA patients and the healthy group [22]. In this respect, the
relationship between OSA and antioxidant response remains
unclear.

Regarding vitamin levels in OSA patients, Barcelo et al.
found significantly decreased levels of vitamin A and vitamin
E in patients with OSA compared with controls [3]. Sales et al.
also found lower levels of vitamin E in OSA patients [9]. By
contrast with these studies, Day et al. reported higher levels of
vitamin E and lower levels of vitamin A in OSA patients [8].
In our study, we found significantly higher levels of vitamin A

Table 2 Comparison of selenium
and vitamin levels between OSA
subgroups and controls

Controls Mild OSA Moderate OSA Severe OSA p value*

Subjects (n) 32 32 34 48

Selenium (μg/L) 69.6 ± 20.1 87.2 ± 18.3 87.9 ± 21.0 92.7 ± 22.1 0.008

Vitamin C (mg/L) 7.69 ± 0.95 7.88 ± 0.95 8.10 ± 0.92 7.77 ± 1.25 0.209

Vitamin A (μg/L) 534 ± 196 737 ± 202 735 ± 169 708 ± 197 0.014

Vitamin E (mg/L) 8.89 ± 2.25 9.67 ± 1.93 10.51 ± 1.75 9.91 ± 2.29 0.075

Data are presented as mean ± SD for normally distributed variables and as median and quartiles (25th–75th
percentiles) for non-normally distributed variables

*ANCOVA test. Italicized p values indicate statistical differences between groups

Table 1 Descriptive statistics of OSA patients and controls

Controls OSA p value

Subjects (n) 32 114

Gender

Male, n (%) 14 (44%) 85 (75%) < 0.001*
Female, n (%) 18 (56%) 29 (25%)

Age in years 34.9 ± 10.8 46.5 ± 10.7 < 0.001**

BMI in kg/m2 24.0 ± 3.3 30.0 ± 4.5 < 0.001**

ESS score 4 (2, 8) 6 (3, 10) 0.081***

Data are presented asmean ± SD for normally distributed variables and as
median and quartiles (25th–75th percentiles) for non-normally distributed
variables

BMI, body mass index; ESS, Epworth Sleepiness Scale; SD, standard
deviation

*Chi-square test. Italicized p values indicate statistical differences be-
tween groups

**Student’s t test

***Mann-Whitney U test
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in severe OSA patients, and a positive correlation between
AHI and vitamin A. Vitamin E levels were also found higher,
but the change was not significant. The sample sizes of these
studies were very restricted which may cause irrelevant

results. Our findings are more reliable and suggest that OSA
patients presented sufficiency to increase their vitamin A, and
E, but not vitamin C levels by different mechanisms. Fat-
soluble vitamins can be stored in tissues such as liver and

Fig. 2 Comparison of antioxidant levels between groups a selenium, b vitamin A, c vitamin E, and d vitamin C concentrations. Outliers between 1.5 and
3 box lengths are depicted by white circle

Table 3 Comparison of
biochemical parameters between
OSA subgroups and controls

Controls Mild OSA Moderate OSA Severe OSA p value

Subjects (n) 32 32 34 48

Glucose (mg/dL) 89.3 ± 10.2 93.2 ± 11.6 90.8 ± 9.3 95.7 ± 13.4 0.221

Urea (mg/dL) 25.3 ± 8.9 29.3 ± 8.3 31.1 ± 6.6 30.1 ± 6.8 0.209

Creatinine (mg/dL) 0.77 ± 0.18 0.79 ± 0.18 0.82 ± 0.16 0.83 ± 0.12 0.347

Cholesterol (mg/dL) 168.7 ± 35.8 196.9 ± 36.4 204.5 ± 31.7 207.2 ± 41.8 0.096

LDL-C (mg/dL) 96.6 ± 34.2 115.7 ± 30.6 125.1 ± 27.3 126.5 ± 37.7 0.420

HDL-C (mg/dL) 50.4 ± 12.0 47.5 ± 17.1 47.3 ± 13.9 40.6 ± 10.4 0.308

Triglycerides
(mg/dL)

94 (69, 130) 140.5 (92.5, 238.5) 137.5 (99, 181) 182.5 (135, 256) 0.183

CRP (mg/L) 1.1 (0.7, 2.0) 2.2 (0.8, 3.9) 1.9 (1.0, 4.2) 3.1 (1.5, 4.3) 0.966

ESR (mm/h) 9 (6, 13) 15 (9, 29) 12 (9, 18) 14 (9, 22) 0.236

Data are presented as mean ± SD for normally distributed variables and as median and quartiles (25th–75th
percentiles) for non-normally distributed variables

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CRP, C-reactive pro-
tein; ESR, erythrocyte sedimentation rate
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adipose tissue. Increased oxidative stress and inflammation in
OSA could contribute to increased intestinal absorption or
release of vitamins from adipose tissue or liver. This mecha-
nism can explain the higher levels of fat-soluble vitamins in
response to OSA-related oxidative stress. This adaptive mech-
anism for vitamin E is maintained by α-tocopherol transfer
protein (αTTP) that facilitates the incorporation of the vitamin
into lipoproteins in the liver for transport to other tissues.
Oxidative stress stimulates the expression of αTTP mRNA
and protein in cells and increases the levels of vitamin E in
blood [23]. These results are probably the consequence of
oxidative stress, not the cause, and underline the importance
of antioxidant activity in OSA.

We found no dyslipidemia in patients with OSA in contrast
to the literature. Gündüz et al. found an association between
OSA severity and lipid parameters [24]. In our study, serum
concentrations of triglycerides, cholesterol, LDL-C, and
HDL-C remained unchanged between groups, after adjust-
ment for age, BMI, and gender.

There was no significant difference in CRP levels of OSA
patients. Our results were not in line with the findings of
previous studies, indicating the role of inflammation in OSA

[25, 26]. Although the etiology remains unclear, chronic in-
flammation was shown as a pathogenetic factor in previous
OSA studies.

The risk factors of OSA are age, male gender, and high
BMI. Our results were consistent with other prevalence stud-
ies [27, 28]. It should be noted that, althoughwe enrolledOSA
patients without any comorbidities, these patients presented a
trend towards increased cholesterol, triglycerides, and BMI
compared with controls. We used ANCOVA statistical anal-
ysis to exclude the effects of these factors in our study.

The main strength of our study is the well-designed, large
samples of controls, and newly diagnosed OSA subgroups
without any treatment and comorbidities. However, our study
has some limitations to be acknowledged. First, the dietary
habits of patients could not be controlled in this study. The
effect of diet on antioxidant response was not assessed, and
this should be taken into account while interpreting our re-
sults. The second factor that could have affected our results
is age and obesity. In our study, age and BMI of OSA patients
were higher than the control group. Thus, we analyzed our
results with covariance test to exclude the effects of these
factors. Lipid parameters should also be evaluated while

Fig. 3 Correlations between AHI values and a BMI, b CRP, c vitamin A, and d selenium concentrations
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interpreting vitamin results. Despite limitations, our study is of
value by determining vitamin and selenium differences be-
tween OSA subgroups and controls.

Conclusions

Although the antioxidants have been the subject of many clin-
ical trials, researches on antioxidant vitamins in OSA is in
earlier stages. The researches in sleep medicine should focus
on nutrient and supplement intake to determine whether
higher antioxidant status contributes to better OSA outcomes,
and antioxidant supplements can decrease OSA-associated
complications, such as cardiovascular events.

The present study demonstrated that antioxidant response
with increased vitamin A, and selenium concentrations, is an
important defense mechanism in OSA patients without any
comorbidities. OSA is mostly treated with mechanical
(CPAP) or surgical interventions. Our study suggests that an-
tioxidant nutrients or supplements can be implemented as a
complementary treatment of OSA to support antioxidant de-
fense and used to reduce cardiovascular events in patients with
OSA. Further prospective studies with vitamins and selenium
supplemented OSA patients are needed to fully elucidate the
relationship and mechanisms of antioxidant vitamins in OSA
and any need for supplementation. Future studies should also
include examining the effects of CPAP therapy on antioxidant
changes observed in our study.
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