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products (AOPPs),4 or lipid peroxidation prod‑
ucts.5 Moreover, hyperoxidized peroxiredoxin 
2 in red blood cells was also shown to be a pos‑
sible marker of both oxidative stress and OSA 
diagnosis.6

The present study aimed to evaluate oxida‑
tive stress in patients with OSA based on serum 
concentrations of oxidized guanine species, and 
to compare the results with those obtained in 
a healthy control group. A secondary aim was 
to assess the relationship between the oxidized 
guanidine species concentrations and selected 
PSG parameters.

Patients and methods Patients The study group 
consisted of 66 individuals who were referred 
to the Sleep and Respiratory Disorders Center 
in Łódź, Poland with a presumptive diagnosis 
of OSA. All patients underwent standard noc‑
turnal PSG examination. The following exclu‑
sion criteria were applied: presence of chronic 
respiratory disorders, chronic inflammatory dis‑
eases, psychiatric disorders, cancer, and preg‑
nancy. Moreover, the patients who developed 
an infection within 1 month of blood collection, 
those who had taken international flights at least 
2 weeks prior to the PSG examination, and those 
who had used medications known to affect sleep 
at least 2 weeks before or during PSG were also 
excluded. The study protocol was approved by 
the Ethics Committee of the Medical Universi‑
ty of Lodz (RNN/432/18/KE). All patients pro‑
vided their written informed consent to partici‑
pate in the study.

Polysomnography The participants were admit‑
ted to the sleep laboratory at approximately 9 PM 
(or up to 30 minutes before/after that time) and 
underwent physical examination. The following 
channels were recorded during nocturnal PSG: 
electroencephalography (C4\A1, C3\A2), chin 

Introduction Obstructive sleep apnea (OSA) is 
a common respiratory disease characterized by 
periodic pauses in breathing during sleep. The se‑
verity of OSA is measured by the apnea ‑hypopnea 
index (AHI), one of the variables derived from 
polysomnography (PSG), which is calculated as 
the sum of apnea and hypopnea episodes per 
1 hour of sleep. The standard treatment of OSA 
is continuous positive airway pressure (CPAP) 
therapy. The prevalence of OSA reaches up to 38% 
and increases with age. Moreover, OSA is closely 
related to many comorbidities, such as type 2 di‑
abetes mellitus (T2DM) or hypertension.1

Pauses in breathing in OSA lead to numerous 
desaturations and intermittent hypoxia (IH). In 
turn, IH and consequent reoxygenation result in 
the generation of an extensive amount of reac‑
tive oxygen species (ROS), which cause oxidative 
stress. ROS damage lipids, proteins, and nucle‑
ic acids, thus aggravating systemic inflammation 
through the nuclear factor κβ (NF ‑κβ).1 As a tran‑
scription factor, NF ‑κβ increases the expression 
of many inflammatory markers, such as interleu‑
kins and tumor necrosis factor.1 Elevated levels 
of these markers were shown in OSA patients.

Oxidative stress measurement may be per‑
formed indirectly. Since ROS are very unstable 
and react immediately with different cell com‑
pounds, oxidative stress can be evaluated through 
oxidative damage and the performance of the an‑
tioxidant system. Assessment of superoxide dis‑
mutase (SOD) activity is the easiest way to eval‑
uate the antioxidant function performance of the 
antioxidant system. Wysocka et al2 previously re‑
ported decreased SOD activity in OSA patients, 
which is probably the reason for the inflammatory 
state in these individuals, particularly those with 
severe OSA. Other studies also reported increased 
levels of oxidative damage markers in OSA, such 
as of urinary 8 ‑hydroxy ‑2’‑deoxyguanosine 
(8 ‑OHdG),3 salivary advanced oxidation protein 
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Oxidative stress assessment In the  morning 
(6:00–6:30 AM) following the PSG examination, 
peripheral blood samples were collected and cen‑
trifuged. Serum was isolated and stored at −80 °C. 
Enzyme‑linked immunosorbent assay kits (DNA/
RNA Oxidative Damage [High ‑Sensitivity] ELISA 
Kit; Cayman Chemical, Ann Arbor, Michigan, Unit‑
ed States) were used to assess the aggregate se‑
rum concentration of major DNA/RNA oxidative 
damage markers, such as 8 ‑hydroxyguanosine, 
8 ‑hydroxy ‑2’‑deoxyguanosine (8 ‑OHdG), and 
8 ‑hydroxyguanine. The absorbance was measured 
at a wavelength of λ = 405 nm by an absorbance 
reader (BioTek 800 TS, Agilent, Santa Clara, Cal‑
ifornia, United States).

As oxidative damage is considered a marker 
of oxidative stress, the term “oxidative stress 
level” is used in this work as a synonym of oxi‑
dized guanine species concentration for ease of 
understanding.

Statistical analysis The level of significance was 
set at P below 0.05. Statistical analysis was per‑
formed with SPSS 28.0 software (IBM, Chicago, 
Illinois, United States). The distribution of vari‑
ables was evaluated by the Shapiro–Wilk test. 
The groups with normally distributed data were 
compared by the independent samples t test, with 
results presented as mean (SD). Comparisons of 
variables that did not follow a normal distribu‑
tion were performed using the Mann–Whitney 
test, and the results were presented as median 
and interquartile range. The χ2 test was used to 
compare categorical variables. The Spearman rank 
correlation coefficient was used to assess corre‑
lations. Linear regression was performed to ana‑
lyze the effect of variables on the oxidative stress 
level in the study group.

Results Based on AHI, the patients were divided 
into 2 groups. The individuals with an AHI below 5 
were included in the control group (n = 30), while 
the OSA group (n = 36) comprised individuals 
with an AHI greater than or equal to 30. Baseline 
characteristics of both groups are shown in TABLE 1.

The patients in the OSA group had a higher oxi‑
dized guanine species concentration than the con‑
trols (mean [SD], 21 [5.9] vs 16.4 [4.7] ng/ml; 
P = 0.001). Furthermore, the oxidative stress 
level correlated positively with age (R = 0.463; 
P <0.001), body mass index (BMI; R = 0.442; 
P <0.001), AHI (R = 0.435; P <0.001), number of 
desaturations (R = 0.541; P <0.001), desaturation 
index (R = 0.463; P <0.001), and negatively with 
basal SpO2 (R = –0.397; P <0.001) and minimal 
SpO2 (R = –0.342; P = 0.005) (Supplementary ma‑
terial, Figure S1). No significant correlations were 
found between the oxidative stress level and to‑
tal sleep time (R = 0.016; P = 0.9) or the arousal 
index (R = 0.212; P = 0.09).

The linear regression model evaluating the fac‑
tors predictive of the oxidative stress level includ‑
ed age (B = 0.375; P = 0.01), total number of desat‑
uration (B = 1.489; P = 0.02), and AHI (B = –1.144; 

muscle and anterior tibialis electromyography, 
electrooculography, measurements of the oro‑
nasal airflow, snoring, body position, respirato‑
ry movements of the chest and abdomen, uni‑
polar electrocardiogram, and oxygen saturation 
(SpO2). The examination was performed using 
an Alice 6 device (Phillips ‑Respironics, Murrys‑
ville, Pennsylvania, United States). The criteria 
based on the 30 ‑second epoch standard were 
used to score sleep stages in the recorded PSG. 
Apnea was defined as a reduction of airflow to 
less than 10% of the baseline for at least 10 sec‑
onds. Hypopnea was described as a reduction of 
airflow by 30% or more for at least 10 seconds, 
accompanied by an over 3% decrease in SpO2 or 
arousal. The American Academy of Sleep Medi‑
cine guidelines7 were used to score the arousals. 
The PSG parameters included the total number of 
desaturations, total sleep time (h), arousal index 
(events/h), AHI (events/h), desaturation index, 
basal SpO2 (%), mean SpO2 (%), level of desatu‑
ration during sleep (%), and minimal SpO2 (%).

OSA severity was assessed based on AHI and 
classified as mild (AHI ≥5 and <15), moderate 
(AHI ≥15 and <30), or severe (AHI ≥30).8 Only 
the patients with severe OSA were included in 
the study group.

TABLE 1 Baseline characteristics of the study population

Parameter Control group 
(n = 30)

OSA group 
(n = 36)

P value

Sex Men 10 (33.3) 10 (27.8) 0.15

Women 20 (66.7) 26 (72.2)

Age, y, mean (SD) 42.5 (9.6) 49.4 (9) 0.004

BMI, kg/m2 26.8  
(24.6–30.3)

34  
(30.7–40.7)

0.001

Oxidized guanine species, ng/ml,  
mean (SD)

16.4 (4.7) 21.0 (5.9) 0.001

Total sleep time, h, mean (SD) 6.2 (1.3) 6.3 (1) 0.64

Arousal index, events/h 10.7 (6.8–13.7) 22.9 (14.8–29.5) <0.001

AHI, events/h 1.8 (1–3.1) 50.4 (40–65.4) <0.001

Total number of desaturations 12  
(5–16)

323  
(212.5–433.8)

<0.001

Desaturation index 2 (1–3) 52.1 (37.3–71.8) <0.001

Basal SpO2, % 94.4  
(93.6–95.1)

90.9  
(87–93.6)

<0.001

Mean SpO2 at desaturations 
during sleep, %

91.9  
(90.7–92.7)

85.5  
(78.6–89)

<0.001

Minimal SpO2, % 89.9  
(90.7–91.2)

71.5  
(54.4–79)

<0.001

T2DM Yes 28 (93.3) 29 (80.6) 0.17

No 2 (6.7) 7 (19.4)

Hypertension Yes 18 (60) 17 (47.2) 0.33

No 12 (40) 19 (52.8)

T2DM or 
hypertension

Yes 18 (60) 15 (41.7) 0.22

No 12 (40) 21 (58.3)

Data are presented as number (percentage) of patients or median (interquartile range) 
unless indicated otherwise.

Abbreviations: AHI, apnea ‑hypopnea index; BMI, body mass index; OSA, obstructive 
sleep apnea; T2DM, type 2 diabetes mellitus
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that measures the total serum concentration of 
several oxidized guanine species simultaneously.

Furthermore, we observed that oxidative 
stress correlated positively with age, AHI, BMI, 
and desaturation index, and negatively with basal 
and minimal SpO2. The correlation with age and 
BMI is not surprising. Oxidative damage accu‑
mulates with age, which is related to longer ex‑
posure to ROS and decreased antioxidant activ‑
ity. Recent studies have suggested that oxida‑
tive stress increases along with BMI, and it is ex‑
pressed through an elevated total peroxide level 
and decreased total antioxidant status.15 Obesi‑
ty, which is present in more than 50% of patients 
with OSA, is itself a chronic inflammatory state 
related to systemic oxidative stress and increased 
cardiovascular morbidity.16 The presence of cor‑
relations with the PSG variables associated with 
breathing disruption highlights the importance 
of IH in oxidative stress development.

Quite interestingly, this study was the first 
to show that the total number of desaturations 
was a predictive factor of oxidative stress in OSA. 
Probably, the greater total number of desatura‑
tions increases the frequency of IH periods, there‑
by increasing the production of ROS and aggra‑
vating oxidative stress.

It is also worth mentioning the importance of 
oxidative stress in the pathophysiology of OSA 
and its comorbidities, including hypertension 
and T2DM. While the role of oxidative stress in 
the development of hypertension is relatively 
clear—it occurs through increased lipid peroxi‑
dation and atherosclerotic plaque formation—it 
is not so straightforward for T2DM. T2DM is one 
of many conditions that frequently co ‑occur with 
OSA. Multiple studies suggested that OSA may 
increase insulin resistance through various mech‑
anisms. Oxidative stress seems not to be the di‑
rect cause of T2DM, but rather the effect of the 
disease.17 In persistent hyperglycemia, around 
30% of glucose in the body is metabolized via 
the polyol pathway, leading to a NAD+/NADH re‑
dox imbalance and increased ROS production. In 
this process, NADH is used in the conversion of 
glucose to sorbitol, further leading to deficiency 
of NADH, which is a cofactor needed for regen‑
erating the critical antioxidant, that is, reduced 
glutathione. Consequently, this process further 
aggravates oxidative stress.18

Moreover, the  systemic oxidative stress 
found in OSA may represent a key mechanism 
of endothelial dysfunction, and be a primary 
reason for an increased cardiovascular risk ob‑
served in this patient population.19,20 Individ‑
uals with OSA are characterized by increased 
levels of many endothelial dysfunction mark‑
ers, such as von Willebrand factor, intercellu‑
lar adhesion molecule ‑1, vascular cell adhesion 
molecule, or E ‑selectin. All of them are overex‑
pressed due to the oxidative damage caused by 
oxidative stress and IH. Their levels may be de‑
creased with OSA treatment, such as surgical in‑
tervention, and their improvement correlates 

P = 0.07). The model explained 42.8% of the oxi‑
dative stress level variability. Detailed results of 
the regression analysis are shown in Supplemen‑
tary material, Table S1.

Additionally, in the OSA group, the individu‑
als with comorbidities, such as T2DM or hyper‑
tension, had a higher oxidized guanine species 
concentration than those with OSA alone (mean 
[SD], 22.8 [5.2] vs 18.56 [6.1] ng/ml, respective‑
ly; P = 0.03).

Discussion Oxidative stress in patients with 
OSA is the consequence of IH. In this prelim‑
inary study, we demonstrated that the oxida‑
tive stress level, reflected by the aggregate serum 
concentration of oxidized guanine species, was 
greater in the OSA patients than in the healthy 
controls. The total number of desaturations may 
be a predictive factor of oxidative stress. More‑
over, the patients with comorbidities, such as 
T2DM or hypertension, had a higher level of ox‑
idative stress.

Recent studies showed increased levels of oxi‑
dative damage markers from the peripheral blood 
in OSA.9 However, none of them assessed the lev‑
els of oxidized guanine species. A meta ‑analysis 
by Hu et al9 demonstrated that malondialde‑
hyde (MDA), asymmetric dimethylarginine, to‑
tal oxidant capacity (TOC), AOPPs, and thiobar‑
bituric acid reactive substances (TBARS) are el‑
evated in patients with OSA, as compared with 
healthy controls. MDA and TBARS are markers 
of lipid peroxidation. They may also be associat‑
ed with dyslipidemia and further lead to the de‑
velopment of arteriosclerosis through increased 
compounding lipid deposition into the arteri‑
al wall.10 AOPPs represent the protein damage 
caused by oxidative stress, and TOC is an unspe‑
cific indicator of ROS.9

However, DNA/RNA oxidative damage mark‑
ers are also significantly increased in OSA.11 
Peres et al11 found elevated 8 ‑isoprostane levels in 
OSA patients, and this increase was independent‑
ly related to OSA severity. Moreover, the same 
study showed that co ‑occurrence of heart dis‑
eases with OSA was associated with decreased 
SOD activity.11 Wan et al12 also found elevated 
plasma levels of 8 ‑OHdG and interleukin‑1β in 
OSA, and both of these markers positively cor‑
related with AHI.12 In other studies,13,14 8 ‑OHdG 
and MDA were found to be increased in OSA pa‑
tients. Jurado ‑Gámez et al13 showed that the lev‑
els of both of these oxidative markers negatively 
correlated with ischemic reactive hyperemia (IRH; 
a marker of endothelial functioning), indicating 
the role of oxidative stress in endothelial dysfunc‑
tion. Furthermore, after 3 months of CPAP treat‑
ment, improvements in oxidative stress markers 
and IRH were observed.13

Our findings of increased oxidative stress lev‑
els in patients with OSA are in line with these 
results. To our best knowledge, this is the first 
study in which the assessment of oxidative dam‑
age in OSA patients was performed using a kit 
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with ameliorated oxyhemoglobin saturation and 
glucolipid metabolism.19

To sum up, the study showed that patients with 
severe OSA were characterized by increased oxi‑
dative stress, measured for the first time through 
the serum level of DNA/RNA oxidative damage 
markers, which is a very sensitive test. Moreover, 
in the patients with comorbid T2DM or hyper‑
tension, oxidative damage was more intense than 
in the group with OSA alone. The number of de‑
saturations was found to be a predictive factor 
of oxidative stress.

There are some limitations that should be ac‑
knowledged. Firstly, it was a preliminary study, 
with a relatively small sample. Secondly, the pres‑
ence of T2DM and hypertension was assessed 
based only on the medical history collected from 
the patients, with no objective tests performed. 
Thirdly, the patient characteristics only comprised 
basic variables. The analyzed data did not include 
the smoking status, comorbidities other than 
T2DM and hypertension, inflammatory markers, 
basic laboratory tests, or the use of medications, 
all of which may affect the level of oxidative stress. 
Moreover, the lack of information on some fac‑
tors influencing the pro ‑oxidant–antioxidant bal‑
ance, such as supplement or vitamin intake, diet, 
or physical activity, may be considered a limita‑
tion. These factors should be evaluated in future 
studies. Therefore, the obtained results should 
be interpreted with caution.

To conclude, in accordance with previous stud‑
ies, we showed that patients with OSA had an ele‑
vated oxidative stress level, which correlated with 
OSA severity. For the first time, the total number 
of desaturations was shown to be a potential pre‑
dictive factor of increased oxidative stress level. 
Therefore, this parameter could serve as an unex‑
pensive marker to assess the risk for the develop‑
ment of OSA comorbidities. Further research is 
needed to understand the crucial role of oxidative 
stress in OSA and its possible clinical usefulness 
in the prediction of certain OSA complications.
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