
Vol.:(0123456789)1 3

Sleep and Breathing (2024) 28:211–219 
https://doi.org/10.1007/s11325-023-02880-7

SLEEP BREATHING PHYSIOLOGY AND DISORDERS • ORIGINAL ARTICLE

Selenoprotein P, peroxiredoxin‑5, renalase, and total antioxidant 
status in patients with suspected obstructive sleep apnea

Karolina Czerwińska1 · Lidia Januszewska1 · Iwona Markiewicz‑Górka1 · Aleksandra Jaremków1 · 
Helena Martynowicz2 · Krystyna Pawlas1 · Grzegorz Mazur2 · Rafał Poręba2 · Paweł Gać1 

Received: 8 February 2023 / Revised: 26 June 2023 / Accepted: 27 June 2023 / Published online: 26 July 2023 
© The Author(s) 2023

Abstract
Purpose The aim of this study was to investigate the relationship between selenoprotein P, peroxiredoxin-5, renalase, total 
antioxidant status (TAS), mean blood pressure (mBP), and apnea-hypopnea index (AHI).
Methods The study group consisted of 112 patients hospitalized to verify the diagnosis of obstructive sleep apnea (OSA). 
The inclusion criteria were consent to participate in the study and age ≥ 18 years. Patients with active proliferative disease, 
severe systemic diseases, or mental diseases were excluded from the study. Each patient underwent full polysomnography 
and had blood pressure measured. Blood samples were collected and laboratory test was performed.
Results Among 112 patients enrolled, there was a statistically significant negative linear correlation between blood pressure 
values (sBP, dBP, mBP) and selenoprotein P, renalase, and TAS levels. Similarly, there was a negative linear correlation 
between AHI and selenoprotein P, renalase, and TAS levels, but none between AHI and peroxiredoxin-5. Based on the 
obtained regression models, higher selenoprotein P, peroxiredoxin-5, and renalase levels were independently associated 
with higher TAS. Lower mBP values were independently associated with the use of antihypertensive drugs, higher TAS, 
and younger age. Male gender, higher BMI, and higher mBP were independently associated with higher AHI.
Conclusions Higher concentrations of selenoprotein P, peroxiredoxin-5, and renalase were associated with higher TAS, which 
confirms their antioxidant properties. There was an indirect connection between tested antioxidants and blood pressure values.
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Introduction

Redox imbalance plays a role in the pathogenesis of car-
diovascular diseases (CVDs). Overwhelmed cellular anti-
oxidant capacity is described in the course of such diseases 
as hypertension, atherosclerosis, or ischemic heart disease 
[1, 2]. These diseases remain the leading cause of death 
worldwide, and any factors that could be used in their pre-
vention, diagnosis, or therapy are in-demand [3]. There is 

potential in using antioxidants as a supplement for treating 
or preventing cardiovascular diseases. While many sub-
stances with antioxidant properties have been researched, 
none has been recommended for this purpose thus far [4]. 
It is related to a large number of conflicting reports [5, 6]. 
It seems that such supplementation has potential; however, 
the difficulty lies in choosing the dose and substance suit-
able for patients with a specific disease or risk factor [7]. 
Therefore, the search for appropriate antioxidants continues. 
In our study, we focused on peroxiredoxin-5, which is a 
known antioxidant, as well as on selenoprotein P and renal-
ase, which are suspected to exert antioxidant properties.

SelP is a unique protein that contains multiple seleno-
cysteine (Sec) residues [8]. It is primarily produced in the 
liver and released into the bloodstream after the removal of 
its signal peptide. The abbreviation “P” in SelP signifies its 
presence in the plasma. SelP consists of two domains: the 
N-terminal and C-terminal domains. The N-terminal Sec res-
idue acts as the enzyme’s active site, reducing phospholipid 
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hydroperoxide. Meanwhile, the nine C-terminal Sec residue 
serves as the Se transporter [8]. In vitro studies have shown 
that SelP acts as a phospholipid hydroperoxide glutathione 
peroxidase and a peroxynitrite reductase [9]. Steinbrenner 
et al. reported that SelP derived from human plasma safe-
guards low-density lipoproteins (LDL) from oxidation [9]. 
Moreover, it is suggested that cells pretreated with SelP 
are protected from oxidative damage caused by tert-butyl 
hydroperoxide due to an increase in the production of intra-
cellular selenoenzymes [10]. It appears that SelP plays a 
role in promoting cardiovascular health by working together 
with endothelial cells. Plasma SelP not only supplies sele-
nium to these cells, but also acts as an external antioxidant. 
This helps safeguard plasma proteins against damage from 
peroxynitrite-induced oxidation and nitration [10]. In the 
case of selenium deficiency, the concentration of plasma 
SelP decreases, making it a possible indicator of selenium’s 
nutritional status [9, 10]. However, more research is needed 
to fully understand SelP’s role in maintaining redox balance 
and cardiovascular health.

Renalase was first described in 2005 and since then it 
became an object of scientific interest due to its proposed 
ability to catalyze circulating neurotransmitters and its prom-
ising antihypertensive effects [11]. Based on preliminary 
animal model reports, it was found that administering renal-
ase intravenously can lower blood pressure, heart rate, and 
cardiac contractility [11]. This effect was entitled to renalase 
breaking down catecholamines in the bloodstream. However, 
subsequent research on its enzymatic activity did not sup-
port these initial findings. Instead, it was discovered that 
renalase helps to oxidize isomeric forms of β-NAD(P)H and 
recycle them by forming β-NAD(P)+ [12]. These isomers 
were found to inhibit some β-NAD(P)H-dependent enzymes 
in vitro, namely, porcine heart lactate dehydrogenase (LDH) 
and Escherichia coli malate dehydrogenase (MDH) [12]. 
There is speculation that some human enzymes which use 
β-NAD(P)H as a cofactor might be inhibited by β-NAD(P)H 
isoforms too. From this standpoint, renalase seems to act as 
a scavenger enzyme that protects cells against the accumula-
tion of substances that may negatively affect other enzymatic 
reactions. The data on renalase’s involvement in redox bal-
ance in humans is scarce. We have discussed recent findings 
on renalase’s enzymatic and non-enzymatic activity in our 
previous work [13].

Peroxiredoxins (Prdxs) are a family of peroxidases that 
participate in maintaining thiol balance by reducing organic 
hydroperoxides,  H2O2, and peroxynitrite [14]. According to 
scientific research, Prdxs have the potential to be used in the 
diagnosis and treatment of cardiovascular disease (CVD) 
[15–18]. Developing derivatives or mimicking the catalytic 
activity of Prdxs could be a promising approach for antioxi-
dant therapy in treating CVD [18]. It is important to note 
that the majority of research focuses on Prdx-1. Prdx-5 is 

the most recently discovered member of the peroxiredoxins 
family, and its impact on CVD requires further investigation.

Fighting ROS and keeping the redox balance require the 
cooperation of many compounds with antioxidant properties. 
The total antioxidant capacity of the body is composed of 
both endogenous and food-derived antioxidants. The col-
laboration among different antioxidants offers superior pro-
tection against reactive oxygen or nitrogen species. There-
fore, the total antioxidant status is a more useful measure of 
biological information than the measurement of individual 
components, as it considers the combined effect of all anti-
oxidants present in the plasma.

Obstructive sleep apnea (OSA) is a respiratory sleep 
disorder caused by repeated obstruction of the upper air-
way during sleep, leading to interruptions in oxygen flow, 
arousal, and fragmented sleep [19, 20]. The severity of 
OSA is measured by the apnea/hypopnea index (AHI), 
which counts the number of respiratory events per hour. A 
diagnosis of OSA is made when the AHI is five or more. 
Mild OSA is indicated by an AHI from 5 up to 15; moderate 
OSA is indicated by an AHI from 15 up to 30, and severe 
OSA requires an AHI of 30 or more [19]. It is important to 
note that OSA increases the risk of cardiovascular disease 
[21]. Repeated episodes of apnea cause sympathetic over-
activation and acute inflammation, leading to an increase in 
cardiovascular morbidity and mortality [22].

The aim of this study was to investigate the relationship 
between selenoprotein P, peroxiredoxin-5, renalase, total 
antioxidant status (TAS), mean blood pressure (mBP), and 
apnea-hypopnea index (AHI).

Materials and methods

The study group included patients who were admitted con-
secutively to an internal medicine clinic for the purpose of 
verifying the diagnosis of obstructive sleep apnea. Group 
size was determined using a sample size calculator. The 
selection conditions were as follows: population size 2.9 
million (population size of the macroregion from which 
patients are referred to our study center), fraction size 0.5, 
maximum error 10%, confidence level 95%. The required 
minimum number of subjects was 96. To be eligible for the 
study, participants had to be 18 years or older and provide 
their consent. Patients with severe systemic diseases, severe 
mental illness/disorders, or active proliferative disease were 
excluded from the study.

A single-night recording of PSG was conducted at the 
Sleep Laboratory of the Department of Internal Medicine, 
Occupational Diseases, Hypertension and Clinical Oncol-
ogy, Wroclaw Medical University, Poland. The Nox-A1 
machine from Nox Medical, Iceland, was used according 
to the standard diagnostic criteria for nocturnal recording. 
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The assessment of the polysomnograms was carried out 
in 30-s epochs based on the American Academy of Sleep 
Medicine (AASM) 2013 criteria for sleep scoring, by a 
qualified physician (H.M.) from the Sleep Laboratory. For 
a thorough explanation of PSG methodology, please refer 
to our recent work [23].

Blood was collected from the patient’s ulna vein in the 
morning after polysomnography. The blood samples were 
stored at a constant temperature until renalase determina-
tions were performed simultaneously on all samples. The 
serum renalase levels were checked using the E3109Hu kit 
ELISA from the Bioassay Technology Laboratory in Shang-
hai, China, as per the manufacturer’s instructions. The renal-
ase concentration was measured in ng/ml, with a reference 
range of 1–400 ng/ml. The ELISA test used had a sensitivity 
of 0.52 ng/ml, and the coefficient of intra- and inter-assay 
variation was less than 8% and 10%, respectively.

We utilized the E1809h ELISA Kit for Human SeP from 
ElAab in Wuhan, China, to measure serum selenoprotein 
P. Following the manufacturer’s instructions diligently, we 
expressed the selenoprotein P concentration in ng/ml. The 
coefficient of intra-assay variation was less than 4.9% and 
inter-assay variation was less than 7.1%.

We used the E0703h ELISA Kit for Human Peroxire-
doxin-5, mitochondrial (ElAab) from Wuhan, China, to 
measure serum peroxiredoxin-5. The test was conducted 
following the manufacturer’s instructions, and the results 
were presented as nanograms/milliliter (ng/ml). The refer-
ence range of the assay was 0.78–50 ng/ml.

Because the effects of different antioxidants are additive, 
the total antioxidant status (TAS) was used to measure the 
overall antioxidant status of the body. The USA Antioxidant 
Assay Kit No709001 was used to measure TAS in our study 
group. This protocol does not differentiate between aqueous- 
and lipid-soluble antioxidants. Instead, it evaluates the over-
all antioxidant activity of all constituents such as vitamins, 
proteins, lipids, glutathione, and uric acid. This assay meas-
ures the ability of antioxidants in the sample to inhibit the 
oxidation of ABTS® (2,2′-Azino-di-[3-ethylbenzthiazoline 
sulfonate]) to ABTS®•+ by metmyoglobin. The capacity of 
the antioxidants in the sample to prevent ABTS® oxidation 
is compared with that of Trolox, a water-soluble tocopherol 
analog, and is quantified as millimolar Trolox equivalents.

The auscultatory method using mercury sphygmoma-
nometer was used to measure blood pressure. During the 
measurement, the patients were relaxed and seated com-
fortably with their feet resting on the ground. The arm 
was relaxed, uncovered, and supported at the level of the 
heart. Blood pressure was measured twice by the Korotkoff 
method. Mean blood pressure (mBP) was calculated using 
the formula: mean blood pressure = diastolic blood pressure 
+ 1/3*(systolic blood pressure − diastolic blood pressure). 
Arterial hypertension was diagnosed when the mean of two 

measurements was at least 140 mmHg for systolic pressure 
or 90 mmHg for diastolic pressure. In a situation where the 
patient declared taking any antihypertensive drugs, arterial 
hypertension was diagnosed, regardless of the measured 
blood pressure values.

We used Dell Statistica 13 software (Dell Inc., USA) to 
conduct statistical analyses. Mean and standard deviation 
were used to express quantitative variables, while percent-
ages were used for qualitative variables. We tested the distri-
bution of variables using the W-Shapiro-Wilk test. For nor-
mally distributed quantitative variables, we used the T-test 
for further statistical analysis. To analyze non-normally dis-
tributed quantitative variables, we used the Mann-Whitney U 
test. For qualitative variables, we used the chi-square test of 
maximum likelihood. Additionally, correlation and regres-
sion analyses were conducted to establish the relationship 
between the variables. The Pearson correlation r factor was 
used for normal distribution, while the Spearman r factor 
was used for non-normal distribution. We used multivariable 
stepwise backward regression to identify possible predictor 
variables for changes in mBP, number of AHI events, and 
TAS level. Variables were removed from the model based 
on p values.

Ethical approval for this study was obtained from the Bio-
ethics Committee of Wroclaw Medical University. Before 
the study, all participants gave their informed consent.

Clini calTr ials. gov Identifier: NCT05040516.

Results

The study group comprised 112 participants, 52.7% men (n 
= 59) and 47.3% women (n = 53). The complete character-
istics of the study group are presented in Table 1.

For detailed analysis, the patients were divided into sub-
groups. First, four subgroups were distinguished based on 
the diagnosis of HTN and OSA. Subgroup A consisted of 
patients diagnosed with both HTN and OSA (HTN+, OSA+), 
subgroup B of patients with HTN but without OSA (HTN+, 
OSA−), subgroup C of patients diagnosed with OSA but 
without HTN (HTN−, OSA+), and subgroup D of patients 
without HTN and OSA (HTN−, OSA−). The second division 
included median values of mBP (Me = 105 mmHg) and AHI 
(Me = 10.95). The following subgroups were distinguished: 
E—patients with high mBP and high AHI (mBP ≥ Me, AHI 
≥ Me), F—patients with high mBP but low AHI (mBP ≥ Me, 
AHI<Me), G—patients with low mBP and high AHI (mBP 
< Me, AHI ≥ Me), and H—patients with low mBP and low 
AHI (mBP < Me, AHI < Me).

Statistical analysis of the selenoprotein P, peroxire-
doxin-5, and renalase levels, as well as total antioxidant 
status in the study subgroups, are presented in Table 2. 
Patients in the subgroup designated as D (HTN− OSA−) 

http://clinicaltrials.gov
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had statistically significantly higher selenoprotein P and 
TAS levels when compared to subgroup A (HTN+ OSA+). 
There were no significant differences between the other 
subgroups in terms of these parameters. Peroxiredoxin-5 
and renalase levels did not differ significantly between any 
of the subgroups A–D.

Dividing patients by diagnosis of arterial hypertension 
showed significant differences in selenoprotein P and TAS 
levels between HTN+ (n = 43) and HTN− (n = 69) sub-
groups, but no differences in peroxiredoxin-5 and renalase 
levels. Division by diagnosis of obstructive sleep apnea found 
statistical differences in TAS levels between OSA+ (n = 80) 
and OSA− (n = 32) patients, but not for the other parameters.

Statistically significant differences for selenoprotein P, 
renalase, and TAS levels, but no for peroxiredoxin level, 
were found when dividing patients by median values of 
mBP and AHI. Subjects in the E subgroup (high mBP, high 
AHI) had lower selenoprotein P, renalase, and TAS levels 
when compared to subjects in the H subgroup (low mBP, 
low AHI). Moreover, there was a statistically significant dif-
ference between TAS levels between the E subgroup (high 
mBP, high AHI) and the G subgroup (low mBP, high AHI).

Selenoprotein P, renalase, and TAS levels, but no per-
oxiredoxin level, were statistically significantly lower in 
patients with high mBP (≥Me, n = 58) when compared to 
patients with low mBP (<Me, n = 54). No such differences 
were found when comparing patients with high AHI (≥Me, 
n = 56) and low AHI (<Me, n = 56).

Statistically significant positive linear correlation was 
observed between TAS and selenoprotein P (r = 0.57), per-
oxiredoxin-5 (r = 0.48), and renalase (r = 0.25) levels. No 
significant linear relationship was found between selenopro-
tein P, peroxiredoxin-5, and renalase levels.

There was a statistically significant negative linear correlation 
between blood pressure values (sBP, dBP, mBP) and selenopro-
tein P, renalase, and TAS levels. No such correlation was found 
for the peroxiredoxin-5 level. Similarly, there was a negative lin-
ear correlation between AHI and selenoprotein P, renalase, and 
TAS levels, but none between AHI and peroxiredoxin-5. In addi-
tion, it has been shown that there are positive linear correlations 
between mean saturation and TAS, and minimum saturation and 
TAS. The results of the linear correlation analysis including the 
correlation coefficient are presented in Table 3.

A multivariable stepwise backward regression analysis 
was performed for three different dependent variables: mBP, 
AHI, and TAS level. A final model obtained for mBP as a 
dependent variable was as follows: mBP = 94.645 − 10.761 
antihypertensive drugs − 6.486 TAS + 0.24 age. Based on 
the obtained regression model, use of antihypertensive 
drugs, higher TAS, and younger age were independently 
associated with lower mBP values. A final model obtained 
for AHI as a dependent variable was as follows: AHI = 
−54.449 + 11.540 male gender + 0.660 BMI + 0.621 mBP. 
Based on the obtained regression model, it was shown that 
male gender, higher BMI, and higher mBP values were 
independently associated with higher AHI values. A final 
model obtained for TAS level was as follows: TAS = 0.889 
+ 0.103 selenoprotein P + 0.040 peroxiredoxin-5 + 0.001 
renalase. Based on the obtained regression model, higher 
selenoprotein P, peroxiredoxin-5, and renalase levels were 
independently associated with higher TAS. Detailed results 
of multivariable stepwise backward regression analysis in 
the study group are presented in Table 4. Figure 1 shows 
a diagram summarizing the results of regression analysis.

Table 1  Characteristics of the study group (n = 112)

AHI apnea-hypopnea index, BMI body mass index, dBP diastolic 
blood pressure, HTN arterial hypertension, mBP mean blood pres-
sure, OSA obstructive sleep apnea, sBP systolic blood pressure, SpO2 
oxygen saturation; TAS total antioxidant status

Mean Standard deviation

Age (years) 49.8 14.7
BMI (kg/m2) 28.7 5.3
sBP (mmHg) 139.5 20.7
dBP (mmHg) 89.6 12.8
mBP (mmHg) 106.2 14.7
AHI (events/h) 18.0 18.8
Average SpO2 (%) 93.2 2.5
Minimum SpO2 (%) 83.5 8.0
SpO2 <90% (%) 9.5 18.23
Selenoprotein P (ng/ml) 1.49 1.88
Peroxiredoxin-5 (ng/ml) 1.82 4.52
Renalase (ng/ml) 186.98 213.86
TAS (nM) 1.15 0.33

Number Percent
Men 59 53
Women 53 47
Overweight/obesity 55 49
HTN 43 38
Diuretics 19 17
β-Blockers 22 20
ACE inhibitors 20 18
Angiotensin receptor blockers 13 12
Calcium channel blockers 12 11
OSA 80 71
Mild OSA 32 29
Moderate OSA 21 189
Severe OSA 27 24
Type 2 diabetes 10 9
Coronary artery disease 8 7
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Discussion

The most important result of this study is the finding of a 
relationship between the tested laboratory parameters, mBP, 
and AHI. Higher concentrations of selenoprotein P, perox-
iredoxin-5, and renalase were associated with higher TAS. 
Higher TAS was associated with lower mBP values, and 
lower mBP values were associated with lower AHI index. 
These results indicate an indirect connection between sele-
noprotein P, peroxiredoxin-5, and renalase levels and blood 
pressure values. It is an argument for the concept that a 
decrease in antioxidant levels, redox imbalance, and inten-
sification of oxidative stress provoke an increase in blood 
pressure values. This causative role of oxidative stress in 
hypertension pathophysiology has also been proposed by 
other authors [24–26]. Increased intracellular ROS levels 
are described to promote oxidative modification of signal-
ing proteins and cause altered vascular signaling. Moreover, 
ROS were found to increase vasoconstriction and reduce 
endothelium-dependent vasodilation by increasing the pro-
duction of prostanoids [27]. The concept that overwhelmed 
cellular antioxidant capacity promotes hypertension is also 
supported by findings that blood pressure can be lowered by 

antioxidants, ROS scavengers, and Nox inhibitors [26, 28]. 
Nevertheless, this matter seems more complicated as there 
are studies with contrary results [29, 30].

It is worth noting that renalase has only recently been pro-
posed as a scavenger enzyme [12]. Initially, it was thought to 
oxidize circulating catecholamines but that assumption was 
not proven in more detailed trials [11, 31]. Instead, Beaupre 
et al. recognized 2- and 6-dihydroNAD(P) molecules to be 
the real substrates for renalase [12]. These molecules are 
isomeric forms of native β-NAD(P)H (4-dihydroNAD(P)
H) that arise either by nonspecific reduction of β-NAD(P)+ 
or by tautomerization of β-NAD(P)H. Renalase serves 
to oxidase these isomers and recycles them by forming 
β-NAD(P)+. This action seems highly favorable for the cell 
because β-NAD(P)+ isomeric forms were found to competi-
tively bind to β-NAD(P)+ dependent enzymes and inhibit 
their activity [12]. In short, renalase is a scavenger enzyme 
that protects cells against the accumulation of substances 
that may negatively affect other enzymatic reactions. How-
ever, these assumptions are not based on human studies and 
it is yet to be established whether human enzymes are prone 
to inhibition by isomeric forms of β-NAD(P)H. We have 
discussed enzymatic and non-enzymatic activity of renalase 

Table 2  Selenoprotein P, 
peroxiredoxin-5, renalase, and 
total antioxidant status in the 
study subgroups

AHI apnea-hypopnea index, HTN arterial hypertension, mBP mean blood pressure, Me median value, OSA 
obstructive sleep apnea, TAS total antioxidant status

Subgroup Selenoprotein P (ng/ml) Peroxire-
doxin-5 (ng/
ml)

Renalase (ng/ml) TAS (nM)

A (n = 38) 1.04 ± 0.96 1.09 ± 0.99 132.28 ± 189.87 1.07 ± 0.26
B (n = 5) 0.52 ± 0.16 2.56 ± 3.09 308.10 ± 266.10 1.15 ± 0.10
C (n = 42) 1.78 ± 2.46 2.34 ± 5.81 203.34 ± 207.20 1.15 ± 0.41
D (n = 27) 1.96 ± 1.88 1.85 ± 5.38 216.69 ± 238.15 1.29 ± 0.31
p A vs. D: <0.05 ns ns A vs. D: <0.05
HTN+ (n = 43) 0.98 ± 0.92 1.27 ± 1.43 152.72 ± 204.34 1.08 ± 0.25
HTN− (n = 69) 1.85 ± 2.25 2.16 ± 5.62 208.64 ± 218.36 1.20 ± 0.37
p <0.05 ns ns <0.05
OSA+ (n = 80) 1.42 ± 1.92 1.76 ± 4.34 169.16 ± 200.98 1.11 ± 0.34
OSA− (n = 32) 1.71 ± 1.79 1.97 ± 5.03 230.97 ± 240.50 1.26 ± 0.29
p ns ns ns <0.05
E (n = 40) 1.02 ± 1.19 1.07 ± 1.03 136.67 ± 192.75 1.05 ± 0.25
F (n = 18) 1.47 ± 1.67 3.10 ± 6.41 187.87 ± 216.22 1.20 ± 0.35
G (n = 16) 1.79 ± 2.82 3.30 ± 9.13 216.91 ± 192.17 1.29 ± 0.51
H (n = 38) 1.94 ± 2.09 1.87 ± 1.63 225.59 ± 238.28 1.19 ± 0.29
p E vs. H: <0.05 ns E vs. H: <0.05 E vs. G: <0.05

E vs. H: <0.05
mBP ≥ Me (n = 58) 1.16 ± 1.36 1.72 ± 3.79 152.84 ± 199.95 1.10 ± 0.29
mBP < Me (n = 54) 1.89 ± 2.30 1.93 ± 5.23 223.02 ± 223.84 1.22 ± 0.37
p <0.05 ns <0.05 <0.05
AHI ≥ Me (n = 56) 1.23 ± 1.79 2.03 ± 5.15 160.01 ± 194.31 1.12 ± 0.36
AHI < Me (n = 56) 1.78 ± 1.96 1.62 ± 3.82 213.46 ± 230.13 1.19 ± 0.31
p ns ns ns ns
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in our previous work [13]. In this study, we have found a 
positive linear relationship between renalase blood concen-
tration and TAS level which seems to confirm renalases’ 
antioxidant properties. To our knowledge, this is the first 
study to describe a direct connection between renalase level 
and total antioxidant status. However, the strength of this 
correlation was weaker than for selenoprotein P or peroxire-
doxin-5. The mechanism behind renalases’ antioxidant activ-
ity remains unknown. It may be connected with the fact that 
many enzymes involved in redox balance, such as a family 
of nonphagocytic NADPH oxidases or nitric oxide synthase, 
are NAD(P)+ dependent. However, to date, no studies have 
addressed this issue. Another possible mechanism involves 
renalase’s extracellular action and its impact on calcium bal-
ance, which is considered an important part of maintaining 
redox homeostasis [32]. Recently plasma membrane calcium 
ATPase isoform (PMCA4b) was found to serve as a recep-
tor for extracellular renalase [33]. The interaction between 
renalase and PMCA4b receptor is involved in maintaining 
optimal  Ca2+ homeostasis. Alterations in extracellular cal-
cium levels influence intracellular calcium levels and pos-
sibly play an important role in the pathogenesis of essential 
hypertension [34]. Nevertheless, the clinical relevance of the 
interaction between renalase and PMCA4b receptor remains 
undiscovered.

In our study, we have found that during subgroup analy-
ses selenoprotein P was the substance that differed the most 
between the study subgroups, especially in the context of 
blood pressure. It was statistically significantly higher in sub-
group D (HTN− OSA−) than in subgroup A (HTN+ OSA+). 
It was also significantly higher in subgroup H (low mBP, low 
AHI) than in subgroup E (high mBP, high AHI). The dif-
ferences were also significant when dividing patients by the 
diagnosis of hypertension or mBP only (Table 3). Therefore, 
we suggest that among studied substances, the disturbances 
in selenoprotein P concentration are the most involved in 
lowering TAS in this group of patients. We further suggest 
that increasing selenoprotein P concentration may be a prom-
ising therapeutic strategy to increase TAS and lower blood 
pressure. The possible involvement of selenoprotein P in the 
maintenance of cardiovascular health was also described by 
Schomburg et al. In their study, quintiles of selenoprotein P 
concentration were related to the risk of all-cause mortality, 
cardiovascular mortality, and a first cardiovascular event. The 
main conclusion was that 20% with the lowest selenoprotein P 
concentration had markedly increased risk of cardiovascular 
morbidity and mortality [35]. However, this was a population-
based prospective cohort study. Clinical trials testing if cardio-
vascular morbidity and mortality can be reduced in subjects 
belonging to this low selenoprotein P group are still needed.

Table 3  The results of the correlation analysis in the study group

selenoprotein P 

(ng/ml)

peroxiredoxin

-5 (ng/ml)

renalase 

(ng/ml)

TAS (nM)

selenoprotein P (ng/ml) x ns ns 0.57 

peroxiredoxin-5 (ng/ml) ns x ns 0.48 

renalase (ng/ml) ns ns x 0.25

TAS (nM) 0.57 0.48 0.25 x

ns – non significant (p>0.05); TAS – total antioxidant status

b) between antioxidants and blood pressure values, AHI, saturation

sBP 

(mmHg)

dBP 

(mmHg)

mBP 

(mmHg)

AHI 

(events/h)

average 

SpO2      

(%)

minimum 

SpO2      

(%)

SpO2 <90%  

(%)

selenoprotein P 

(ng/ml)

-0.26 -0.24 -0.26 -0.19 0.23 ns ns

peroxiredoxin-5 

(ng/ml)

ns ns ns ns ns ns ns

renalase 

(ng/ml)

-0.20 -0.28 -0.26 -0.19 ns ns ns

TAS 

(nM)

-0.22 -0.20 -0.22 -0.22 0.25 0.20 ns

AHI apnea-hypopnea index, dBP diastolic blood pressure, mBP mean blood pressure, ns non-significant (p > 0.05), sBP systolic blood pressure, 
SpO2 oxygen saturation, TAS total antioxidant status
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It is worth noting that even though statistically significant 
positive linear correlation was observed between TAS and 
peroxiredoxin-5, we did not find any significant differences in 
its levels between chosen subgroups. It may suggest that not 
all antioxidants are of equal importance in this patient group.

Results of multivariable stepwise backward regression 
analysis showed that AHI was directly influenced by BMI, 
male gender, and mBP but not TAS. We did not find signifi-
cant differences between selenoprotein P, peroxiredoxin-5, 

renalase, and TAS levels when dividing patients by the 
diagnosis of OSA or the number of AHI. In short, AHI was 
not directly influenced by TAS or antioxidants. However, 
estimation for the mBP as a dependent variable found a 
relationship between mBP values and AHI, which may indi-
cate an indirect connection between TAS and AHI through 
mBP. An increase in TAS may decrease mBP values and 
consequently decrease AHI. Our results stay consistent 
with the notion that weight reduction and proper blood 

Table 4  Results of multivariable stepwise backward regression analysis in the study group

model for: mBP (mmHg)

Rc SEM of Rc p

intercept 94.645 11.713 < 0.001

age (years) 0.240 0.109 < 0.05

TAS (nM) - 6.486 2.929 < 0.05

antihypertensive drugs -10,761 3.612 < 0.01

R2 = 0.637, p < 0.001, standard error of estimation: 14.053

b) estimation for the AHI as a dependent variable

model for: AHI (events/h)

Rc SEM of Rc p

intercept - 54.449 15.623 < 0.001

male gender 11.540 3.429 < 0.01

BMI (kg/m2) 0.660 0.251 < 0.05

mBP (mmHg) 0.621 0.124 < 0.001

R2 = 0.591, p < 0.001, standard error of estimation: 13.870

c) estimation for the TAS as a dependent variable

model for: TAS (nM)

Rc SEM of Rc p

intercept 0.889 0.031 < 0.001

selenoprotein P (ng/ml) 0.103 0.011 < 0.001

peroxiredoxin-5

(ng/ml)

0.040 0.005 < 0.001

renalase (ng/ml) 0.001 0.000 < 0.05

R2 = 0.622, p < 0.001, standard error of estimation: 0.205

AHI apnea-hypopnea index, BMI body mass index, mBP mean blood pressure, Rc regression coefficient, SEM standard error of mean, TAS total 
antioxidant status
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pressure control are one of the most effective methods to 
reduce the number of apnea/hypopnea episodes [36]. Our 
recent study showed an inversely proportional linear rela-
tionship between renalase concentration and AHI values in 
the entire study group, suggesting the association between 
OSA and renalase [20]. In this study, we further investigated 
this issue. We did not find significant differences between 
renalase levels when dividing patients by the diagnosis of 
OSA, or by the AHI value. However, renalase level was sig-
nificantly lower in patients with mBP ≥ Me than in patients 
with mBP < Me. It seems that the relationship between 
renalase and OSA is indirect and that renalase impacts AHI 
through its influence on TAS and mBP.

The strengths of our research include the performance of 
a full polysomnographic examination in patients with clini-
cal suspicion of obstructive sleep apnea, the inclusion of 
other polysomnographic examination parameters (satura-
tion) in the analyses apart from the AHI, the performance 
of polysomnographic examinations in a recognized sleep 
laboratory, the analysis of all polysomnographic exami-
nations by one qualified physician with extensive clinical 
and scientific experience, standardization of blood pressure 
measurement, determination of the total antioxidant status 
in addition to the determination of selected antioxidants, and 
the performance of multivariate analyses taking into account 
the impact of potential modifying factors on the examined 
relationships.

There are limitations to this study. The number of subjects 
involved in the study was rather small. In addition, the lack 
of randomization must also be considered a significant limi-
tation. The group of patients consisted of successive patients 
admitted to the hospital. In the characteristics of the group, 
the relatively high value of the saturation index and the high 
percentage of patients using several antihypertensive drugs 
are noteworthy. The limitations of the research methodology 
include the lack of night-time blood pressure monitoring, as 
well as the subjective selection of antioxidants.

Conclusions

In our study, higher concentrations of selenoprotein P, per-
oxiredoxin-5, and renalase were associated with higher TAS, 
which confirms their antioxidant properties. The strongest 
correlation was found for selenoprotein P, which was also 
the substance that differed the most between the study sub-
groups, especially in the context of blood pressure. In con-
trast, peroxiredoxin-5 level correlated with TAS but did not 
differ significantly between study subgroups, which may 
suggest that not all antioxidants are of equal importance in 
this patient group.
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