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Abstract

Background: Obstructive sleep apnea (OSA) is a disorder with a significant risk for cardiovascular diseases.
Dyslipidemia and redox imbalance belong to potential mechanisms linking OSA with the development of vascular
diseases. The main aim of this study was the evaluation of the presence of lipid abnormalities in OSA patients,
focusing on small dense low-density lipoprotein (LDL) and high-density lipoprotein (HDL) subfractions and
determination of the redox imbalance by evaluating the marker of oxidative damage to plasma lipids -
lipoperoxides.

Methods: The study included 15 male subjects with polysomnographically confirmed OSA and 16 male healthy
controls. Plasma levels of total cholesterol, LDL and HDL and their subfractions, triacylglycerols and lipoperoxides
were determined in all study individuals. Plasma LDL and HDL subfractions were separated by the Lipoprint system
which is a polyacrylamide gel electrophoresis. Lipoperoxide levels were determined spectrophotometrically.

Results: OSA patients had significantly higher triacylglycerols, total cholesterol and LDL-cholesterol compared to
healthy controls. HDL cholesterol was not significantly different. Of the LDL and HDL subfractions, OSA patients had
significantly lower levels of atheroprotective LDL1 and large HDL subfractions and significantly higher levels of
atherogenic small dense LDL3–7 and HDL8–10 subfractions. Lipoperoxide levels in patients with OSA were
significantly elevated compared to healthy individuals.

Conclusion: The lipoprotein pro-atherogenic phenotype was found in individuals with OSA characterized by
increased levels of atherogenic lipoprotein subfractions and reduced levels of atheroprotective subfractions. In
addition, a plasma redox imbalance was found in patients with OSA compared to controls by detecting higher
oxidative damage to lipids. Abnormalities in lipoprotein levels in patients with OSA, as well as the redox imbalance,
could lead to an acceleration of the atherosclerotic process in predisposed individuals and thus represent a
significant risk factor for vasular diseases.
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Background
One of the most common sleep disorders characterized
by an increased risk of vascular disease is obstructive
sleep apnea (OSA) [1]. It is a disorder characterized by
episodes of breathing interuption during sleep, leading
to chronic intermittent hypoxia and sleep fragmentation
by numerous awakening periods [2]. In Europe, the dis-
ease affects more than 20% of the middle-aged adult
population and the prevalence even exceeds 50% in
some countries [3]. To date, it has not been clearly ex-
plained which pathophysiological mechanisms of OSA
lead to the development of vascular diseases. Elevation
of the atherogenic index of plasma was observed in the
OSA population and it was related to the disease severity
[4].
From previously published works there is known the

association between intermittent hypoxia and a wide
range of pathological processes, such as endothelial dys-
function, activation of the sympathetic nervous system,
systemic inflammatory response, impaired glucose and
lipid metabolisms [5, 6]. Dyslipidemia, defined as an ex-
cessive increase in total cholesterol or triacylglycerols,
with or without a concomitant decrease in high-density
lipoproteins (HDL), leads to an acceleration of the ath-
erosclerotic process in predisposed individuals and is
one of the most important risk factors for vascular dis-
ease [7, 8]. Although it is not known what role OSA
plays in the development of dyslipidemia, recent studies
provide evidence for an independent association of inter-
mittent hypoxia with dyslipidemia that might result in
an increased risk of vascular disase in patients with OSA
[9, 10].
Atherogenic subpopulations of plasma lipoproteins

represent a risk factor for the development of vascular
disease. Even though the concentration of atherogenic
LDL and HDL subfractions in the blood is very low, they
can disrupt the integrity of the vascular wall and can
lead to endothelial dysfunction [11]. LDL lipoproteins
are generally believed to be atherogenic lipoproteins, but
the large LDL subfractions are considered to have ather-
oprotective properties. HDL lipoproteins are generally
believed to be an atheroprotective component of plasma
lipoproteins, but not all HDL subfractions exhibit this
protective funtion. Some studies report potential athero-
genic properties of small HDL subfractions [12, 13].
Identification and quantification of atherogenic and

non-atherogenic lipoprotein subfractions in plasma is
enabled by different methods (nuclear magnetic reson-
ance, density gradient ultracentrifugation, non-
denaturing gradient gel electrophoresis, the Lipoprint
system). The Lipoprint system (Quantimetrix corp.,
Redondo Beach, CA, USA) used in this study is a poly-
acrylamide gel electrophoresis. It identifies 7 LDL sub-
fractions and 10 subfractions of HDL cholesterol. LDL

subfractions are classified into large (subfractions 1–2)
and small, dense LDL subfractions (subfractions 3–7).
HDL subfractions are classified into large subfractions
(subfractions 1–3), intermediate (4–7 subfractions) and
small (8–10 subfractions) [14, 15]. Small LDL3–7 and
small HDL8–10 subfractions represent an atherogenic
part of the lipoprotein spectrum. They are considered
atherogenic because of their low recognition by the cell
receptors and their ability to easily penetrate into the
subendothelial space where they can form deposits of
cholesterol [16]. Their high predictive value in the diag-
nosis of atherosclerosis-related diseases of the cardiovas-
cular system was confirmed [17, 18].
Frequent recurrent hypoxia/reoxygenation during

sleep leads to the oxidative stress which is characterized
by the increased production of free radicals and lower
antioxidant protection resulting in the redox imbalance
[19]. Increased oxidative stress has been suggested as a
potential mechanism for the development of vascular
diseases in OSA patients [20]. Some studies have re-
ported that people with OSA have increased activity of
the leukocyte enzyme NADPH-oxidase producing super-
oxide radicals during the oxidative burst as a result of
intermittent hypoxia [21, 22]. Superoxide radicals can
then react with NO (vasodilator) to form a very reactive
compound – peroxynitrite (ONOO−) [23]. This process
might result in the reduction of NO bioavailability which
was reported in patients with OSA [24]. In addition,
RONS produced at high concentrations during intermit-
tent hypoxia at night can damage lipids, proteins or
DNA. Lipids oxidized by reactive oxygen species (ROS)
can produce different oxidative products including lipid
peroxides representing one of the key mechanisms of
vascular damage and the increased risk of atherosclerosis
[25]. Moreover, patients with OSA were found to have
impaired antioxidant capacity [26]. All these results indi-
cate a potential role of oxidative stress in the develop-
ment of vascular diseases in patiens with OSA.
This study aimed to examine the presence of lipid ab-

normalities in patients with sleep-disordered breathing,
focusing on small dense LDL and HDL subfractions. In
addition, this study also focused on investigating the po-
tential effect of oxidative stress on development of vas-
cular diseases in OSA patients by evaluating the redox
imbalance in OSA patients through monitoring the oxi-
dative damage to lipids.

Methods
Study population
Only apparently healthy male subjects were enrolled.
Medical records of all patients were searched for the
premorbid presence of sleep apnea, vascular disease, ar-
terial hypertension, diabetes mellitus, endocrinopathy,
cancer or any other chronic diseases. Subjects were
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excluded if the presence of any of them was confirmed.
To exclusion criteria were included also the use of any
current medication or smoking.
Blood plasma samples were obtained after an over-

night fast from 16 healthy male volunteers and 15 male
patients of similar age with confirmed sleep-disordered
breathing. The Ethical committee of the Faculty of medi-
cine with No. 26/2021 approved this study. All project
participants signed an informed consent.

Sleep study
All subjects underwent single-night pulse oximetry mon-
itoring with the WristOx2 device (model 3150, Nonin
Medical, Plymouth, USA). Desaturation was defined as a
drop of oxygen level > 3% with the duration of > 10 s.
The desaturation index was defined as an average num-
ber of desaturations during 1 h of recording. Subjects
with desaturation index < 5 were considered as a control
population. Subjects with desaturation index ≥5 were
considered sleep apnea patients and underwent poly-
somnographic assessment. Polysomnography was per-
formed in a sleep laboratory settings using Alice 6
device (Philips-Respironics, Netherlands). Hypopnea was
defined as a reduction in airflow of ≥50% for 10 s with
oxygen desaturation of ≥3% or arousal and apnea as the
cessation or the reduction of airflow of ≥90% for >10 s.
Apnea-hypopnea index (AHI), AHI per 1 h of REM
(rapid eye movement) sleep, AHI per 1 h of NREM
(non-rapid eye movement) sleep, oxygen desaturation
index (ODI, defined as a number of desaturations ≥3%
with duration of >10 s per hour of sleep), arousal index,
total sleep time and saturation of blood with oxygen
were recorded.

Plasma
Blood samples with EDTA (ethylenediaminetetraacetic
acid) anticoagulant collected from individuals after 12 h
fasting were spun 5min at 1200 x g (4 °C). Collected
plasma samples were stored at − 80 °C for further
analyses.

Lipid parameters
Immediately after collection of plasma samples, levels of
triacylglycerols (TAG), total cholesterol (TCH), low-
density lipoprotein cholesterol (LDL) and high-density
lipoprotein cholesterol (HDL) were determined in the
Medirex, a.s., Bratislava, Slovakia, which is a certified
laboratory.

Lipoprotein subfractions
Plasma lipoprotein subfractions were analyzed by the
Lipoprint system (Quantimetrix corp., Redondo Beach,
CA, USA) which is a polyacrylamide gel electrophoresis.
The system can evaluate the following LDL subfractions:

large LDL subfractions 1–2 which are considered ather-
oprotective and small dense pro-atherogenic LDL sub-
fractions 3–7.
The Lipoprint system can also evaluate the following

HDL subfractions: large HDL subfractions 1–3, which
are considered anti-atherogenic and small dense HDL
subfractions 8–10, which are considered pro-
atherogenic. The properties of medium-sized HDL sub-
fractions 4–7 are still under discussion [12–14].

Lipoperoxides in plasma
Plasma lipid peroxides were determined according to El-
Saadani et al. [27]. The method is based on the ability of
peroxides to oxidize iodide (I−) to iodine(I2) which sub-
sequently reacts with an excess of I− to form I3 with the
absorption maximum of 365 nm. Lipid peroxides are de-
tected in samples spectrophotometrically (UV-1800 SHi-
madzu spectrophotometer).

Statistical evaluation of results
Statistical analyses were performed by SPSS ver. 18
(SPSS Inc. Chicago, IL, USA). Results of normally dis-
tributed data are expressed as a mean ± standard devi-
ation (SD) and of not normally distributed data as a
median (lower quartile – upper quartile). To compare
groups of parameters the Student’s unpaired t-test and
Mann-Whitney test were used. Spearman’s correlations
were performed to assess associations between variables.
Univariate analysis of variance was used for a power cal-
culation. Power was computed using α = 0.05. The P
value < 0.05 was considered statistically significant.

Results
This study focused on two pathomechanisms that poten-
tially link the sleep apnea syndrome with the develop-
ment of vascular diseases: dysbalance in lipid
metabolism and the redox imbalance. Levels of athero-
genic lipoprotein subfractions including small dense
LDL and HDL subfractions were monitored in patients
with OSA.
The study included 15 male OSA patients and 16 male

controls. The control group included individuals of simi-
lar age, body mass index (BMI) and HDL cholesterol as
the participants in the patient group. However, OSA pa-
tients had significantly higher levels of total cholesterol,
LDL-cholesterol and triacylglycerols (TAG) compared to
controls. Clinical characteristics of study participants are
presented in Table 1.
Patients with OSA had significantly higher levels of

pro-atherogenic small HDL8–10 subfractions in spite of
the fact that the levels of total HDL cholesterol were
similar in both groups (Table 2).
When comparing levels of LDL and HDL subfractions

between controls and patients (Table 2) a significant
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elevation was found in the levels of LDL2 subfraction
(p = 0.0003), pro-atherogenic small dense LDL3–7 (p =
0.0003) and small HDL8–10 subfractions (p = 0.0006) in
patients with OSA. These patients had also significantly
reduced athero-protective large HDL1–3 subfractions
(p = 0.0015) compared to controls without OSA. The
level of presumably atheroprotective large LDL1 subfrac-
tion as well as medium HDL4–7 subfractions were simi-
lar in both groups.
In addition to lipoprotein subfractions, also the the

marker of oxidative damage to lipids (lipoperoxides)
were examined in OSA patients. Plasma lipoperoxide
levels in OSA patients were significantly higher than in
healthy men (p = 0.0192) (Table 2).
Correlations between baseline characteristics of the

sleep apnea subjects, lipid subfractions and lipoperoxides
are listed in Table 3. A significant inverse correlation
was found between severity of sleep apnea (expressed by
AHI, ODI, time with O2 saturation < 90%), sleep frag-
mentation (expressed by arousal index) and HDL. A
similar inverse correlation was found between severity of
sleep apnea, sleep fragmentation and large HDL1–3. A
significant inverse correlation was found also between
arousal index and LDL1. AHI during REM inversely cor-
related with LDL2. BMI inversely correlated only with
large HDL1–3.

Comparisons with other studies and what does the
current work add to the existing knowledge
The results of several studies point to a higher incidence
of vascular diseases in OSA patients [20]. Obstructive
sleep apnea itself participates in atherogenesis through
several pathomechanisms [28]. This work has focused
on two of them, namely dyslipidemia and the redox im-
balance represented by oxidative damage to lipids. In pa-
tients with OSA and healthy volunteers plasma lipid
profile and lipoperoxide levels were compared. Both
groups had comparable age and BMI but individuals
with OSA showed significantly elevated total cholesterol,
LDL cholesterol and triacylglycerol levels. Our results
are consistent with some other studies that have shown
elevated levels of total cholesterol, LDL cholesterol and
triacylglycerols in individuals with OSA [29–32]. HDL
cholesterol levels were comparable in both groups.
In this study, despite comparable HDL cholesterol

levels, significantly higher levels of presumably athero-
genic small HDL subfractions were found in patients
with OSA, as well as significantly lower levels of large,
atheroprotective HDL subfractions. This finding suggests
a pro-atherogenic lipid profile in patients with OSA. In
contrast to this study, where similar HDL cholesterol
levels in both groups were found, some studies report
decreased HDL cholesterol levels [32–34] or increased
HDL cholesterol levels in individuals with OSA [28].
A subanalysis of OSA patients in the current study re-

vealed an inverse correlation between the severity of
sleep apnea, sleep fragmentation and HDL. A similar in-
verse correlation appeared between sleep apnea severity,
sleep fragmentation and „atheroprotective “large HDL1–
3. A significant inverse correlation was found also be-
tween arousal index and „atheroprotective “LDL1. An-
other „atheroprotective “LDL subfraction – LDL2
inversely correlates with AHI during REM sleep. These
findings suggest a dose-dependent inverse association
between the sleep apnea severity, sleep fragmentation
and „atheroprotective “LDL and HDL subfractions. In
contrast to previous findings, respiratory events during

Table 1 Characteristics of the study population

Controls Patients P

N 16 15

age (years) 35.56 ± 4.82 42.13 ± 12.21 ns

BMI (kg/m2) 27.46 ± 3.60 29.48 ± 4.54 ns

TCH (mmol/L) 4.17 ± 0.64 6.30 ± 0.98 0.006

LDL (mmol/L) 2.63 ± 0.62 4.01 ± 0.82 0.0001

HDL (mmol/L) 1.20 ± 0.29 1.21 ± 0.39 ns

TAG (mmol/L) 1.31 ± 0.57 1.97 ± 0.58 0.0037

Results are expressed as mean ± standard deviation (SD); P statistical level of
significance, N count, BMI Body mass index, TCH Total cholesterol, LDL Low-
density lipoproteins, HDL High-density lipoproteins, TAG Triacylglycerols,
ns Nonsignificant

Table 2 Plasma LDL and HDL subfractions and lipoperoxide levels in controls and patients with OSA

Controls (N = 16) Patients (N = 15) P

LDL1 (mmol/L) 0.68 ± 0.29 0.7 ± 0.26 ns

LDL2 (mmol/L) 0.233 (0.155–0.388) 0.647 (0.336–0.750) 0.0003

LDL3–7 (mmol/L) 0 (0–0) 0.207 (0.103–0.465) 0.0003

Large HDL1–3 (%) 33.7 ± 15.8 17.8 ± 8.1 0.0015

Medium HDL4–7 (%) 22.7 ± 4.9 57.4 ± 10.4 ns

Small HDL8–10 (%) 13.5 (2.3–16.5) 24.32 (17.24–32.14) 0.0006

Lipid peroxides (μmol/L) 30.9 (22.3–44.7) 47.3 (33.9–71.3) 0.0192

Normally distributed data are expressed as mean ± standard deviation (SD), non-parametric data are expressed as median (25th – 75th percentile); N count, P
statistical level of significance, LDL Low-density lipoproteins, HDL High-density lipoproteins, ns Nonsignificant
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NREM sleep might play a more important role in
changes of lipoprotein levels when compared to respira-
tory events during REM sleep [35].
This study is the first one to report increased levels

of „atherogenic “small HDL8–10 subfractions and re-
duced levels of „atheroprotective “large HDL1–3 sub-
fractions in people with OSA compared to the
participants in the control group. Preliminary results
indicate changed proportion of large and small sub-
fractions of HDL cholesterol in OSA patients towards
a proatherogenic HDL profile, so far without a change
in the concentration of the total HDL cholesterol. A
similar pattern can be observed in LDL subfractions.
Individuals with OSA and controls have similar levels
of large atheroprotective LDL1 subfraction, but OSA
patients have significantly increased levels of small
dense LDL3–7 subfractions, indicating a lipoprotein
proatherogenic phenotype. This might be one of the
first consequences of intermittent hypoxia and sleep
fragmentation on the development of dyslipidemia.
Despite the fact that exact mechanisms linking sleep

apnea with the decrease of „atheroprotective “and in-
crease of „atherogenic “lipoprotein subfractions remain

unknown, oxidative stress belongs to the known mecha-
nisms leading to the HDL dysfunction in OSA patients
[36]. This was one of the reasons for the redox imbal-
ance assessment in the current study. It is assumed that
markers of oxidative stress may be increased due to re-
peated short cycles of intermittent hypoxia followed by
reoxygenation, during which free radicals are formed
causing oxidative damage to biomacromolecules and dis-
rupting vascular homeostasis [37]. These processes may
result in increased cardiovascular and cerebrovascular
risk in individuals with sleep-disordered breathing [38,
39]. Significantly increased levels of lipoperoxides in
plasma were found in individuals with OSA compared to
the control group. Similarly, Hopps el al [40]. found in-
creased lipoperoxide levels in patients with serious OSA.
Our results are in agreement with other studies deter-
mining elevated levels of other markers of oxidative
damage to lipids such as thiobarbituric acid reactive sub-
stances in plasma [41, 42] or 8-isoprostane in exhaled
breath condensate of OSA patients [43]. However, some
studies are reporting unchanged plasma levels of thio-
barbituric acid reactive substances compared to healthy
individuals [25]. In addition, also elevated levels of

Table 3 Correlations between measured parameters in patients with OSA and controls
Age BMI ODI Arousal Time with AHI AHI AHI

index O2 sat. (REM) (NREM)

< 90%

TCH r 0.248 − 0.282 −0.326 − 0.445 − 0.070 − 0.477 − 0.270 −0.270

P 0.375 0.308 0.301 0.147 0.829 0.117 0.397 0.397

LDL r 0.097 −0.043 − 0.147 − 0.336 0.182 − 0.364 − 0.077 − 0.077

P 0.731 0.879 0.649 0.286 0.572 0.244 0.812 0.812

HDL r 0.447 −0.499 − 0.641 − 0.627 − 0.578 − 0.505 − 0.648 − 0.648

P 0.095 0.058 0.025 0.029 0.049 0.094 0.023 0.023

TAG r −0.224 0.311 0.280 0.315 −0.126 −0.291 0.273 0.273

P 0.422 0.260 0.379 0.319 0.697 0.359 0.391 0.391

LDL1 r −0.243 −0.072 − 0.477 − 0.632 − 0.060 − 0.220 − 0.449 − 0.449

P 0.382 0.800 0.117 0.028 0.854 0.493 0.143 0.143

LDL2 r −0.278 − 0.055 −0.151 − 0.284 −0.193 − 0.582 −0.116 − 0.116

P 0.844 0.844 0.640 0.372 0.549 0.047 0.721 0.721

LDL3–7 r 0.080 0.217 0.334 0.334 0.186 −0.123 0.383 0.383

P 0.776 0.437 0.289 0.289 0.562 0.703 0.219 0.219

Large HDL1-3 r 0.208 −0.572 −0.873 − 0.865 −0.511 − 0.484 −0.813 − 0.813

P 0.456 0.026 0.001 < 0.001 0.089 0.111 0.001 0.001

Medium HDL4-7 r −0.308 0.237 0.430 0.401 0.310 0.173 0.451 0.451

P 0.264 0.396 0.163 0.196 0.327 0.591 0.141 0.141

Small HDL8-10 r 0.095 0.261 0.259 0.280 0.133 0.098 0.217 0.217

P 0.736 0.348 0.417 0.379 0.681 0.762 0.499 0.499

Lipoperoxides r −0.048 −0.175 −0.070 −0.021 −0.014 0.095 −0.007 − 0.007

P 0.864 0.533 0.829 0.948 0.966 0.770 0.983 0.983

TCH Total cholesterol, LDL Low-density lipoproteins, HDL High-density lipoproteins, TAG Triacylglycerols, BMI Body mass index, ODI Oxygen desaturation index, AHI
Apnea-hypopnea index, REM Rapid eye movement sleep, NREM Non-rapid eye movement sleep, r Spearman correlation coefficient, P- statistical level of
significance. The bold text represents significant correlations
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markers of oxidative damage to proteins [44] and nucleic
acids [45] have been repeatedly reported in individuals
with OSA. Taken together, the data described above in-
dicate that redox imbalance might participate in the
atherogenic process of individuals with OSA [46].

Study strength and limitations
This study is the first one to report elevated levels of
„atherogenic “small HDL8–10 subfractions and reduced
levels of „atheroprotective “large HDL1–3 subfractions
in OSA subjects. Results from the subpopulation with
OSA suggest a dose-dependent inverse association be-
tween the sleep apnea severity, sleep fragmentation and
„atheroprotective “LDL and HDL subfractions. Addition-
ally, the redox imbalance – another pathomechanism
contributing to the atherogenic process, was confirmed
in individuals with OSA.
Enrollment of the healthy population is another

strength of this study. The selection of subjects with-
out any known vascular risk factors could elucidate
the effect of intermittent hypoxia and sleep fragmen-
tation on lipoprotein levels and redox balance. How-
ever, healthy subjects were selected only according to
the detailed search of the medical records. Additional
use of functional, laboratory, paraclinical tests or im-
aging could be beneficial to avoid the presence of pa-
tients with asymptomatic vascular disease in a study
population. Measurement of subclinical atherosclerosis
(e.g. thickness of carotid intima-media, endothelial
dysfuntion) could be also beneficial to exclude sub-
jects with the pre-existing atherosclerotic process [47,
48]. It could also elucidate links between the redox
imbalance, lipoprotein abnormalities and subclinical
atherosclerosis in OSA subjects.
A small sample size is one of the main limitations of

this study. However, the analyses show adequate power
to reveal differences in TCH (power = 0.961, P = 0.001),
LDL (power = 0.999, P < 0.001), TAG (power = 0.862,
P = 0.004), LDL2 (power = 0.948, P = 0.001), LDL3–7
(power = 0.943, P = 0.001), large HDL1–3 (power = 0.925,
P = 0.001), small HDL8–10 (power = 0.936, P = 0.001).
On the other hand, the study could be underpowered to
reveal differences in lipoperoxides (power = 0.551, P =
0.039). Therefore, there is a need for larger longitudinal
trials confirming the effect of OSA on dyslipidemia and
the redox imbalance. Future studies should also eluci-
date mechanisms linking sleep apnea with the decrease
of „atheroprotective “lipoprotein subfractions. It is ne-
cessary to admit, that lifestyle interventions (including
diet and physical activity) influence levels of lipoprotein
subfractions [49]. Additional limitation of this study is
the absence of detailed biometry, diet and physical
activity.

Conclusion
Abnormalities in lipoprotein levels in OSA patients and
the redox imbalance can lead to an acceleration of the
atherogenic proces in predisposed individuals and thus
represent a risk factor for the development of vascular
disease in these patients. Preliminary results of the
current study describing abnormalities in lipoprotein
levels in patients with OSA are consistent with the hy-
pothesis of a frequent occurrence of lipid metabolism
disorders in individuals with OSA. In the future studies
it could be interesting to examine some novel hypoth-
eses suggesting a link between intermittent hypoxia and
composition of gut microbiota [50] or hypothesis on
synergistic relationship between insulin and leptin [51]
or impact of intermittent hypoxia on glucose metabo-
lims. In order to find new therapeutic targets for OSA it
is important to understand its ethiology.

Abbreviations
BMI: Body mass index; HDL: High-density lipoprotein cholesterol;
IDL: Intermediate-density lipoproteins; LDL: Low-density lipoprotein
cholesterol; OSA: Obstructive sleep apnea; TAG: Triacylglycerols; TCH: Total
cholesterol; REM: Rapid eye movement sleep; NREM: Non-rapid eye
movement sleep

Acknowledgments
We would like to thank all study participants – patients with obstructive
sleep apnea and healthy volunteers for participating in our study.

Authors’ contributions
BK, PS and PT have made a substantial contribution to the study design, its
preparation and obtaining approval. BK, PS, AH, KK and IM were responsible
for the examination of patients with OSA, diagnosis, treatment and obtaining
informed consent from the participants. ZP, BaKa, IZ and SO analysed the
lipid subfractions of all participants and SO interpreted the data. MJ and
KaKo were responsible for blood processing and lipoperoxide determinations
in plasma, LA was responsible for recruiting healthy controls, blood
collection and obtaining the informed consents, IZ made the data analysis,
statistical evaluation and IZ, BK, PS wrote the draft of the manuscript. All
authors read the manuscript, added valuable comments to its improvement
and approved the final manuscript.

Funding
This work was supported by the Framework Programme for Research and
Technology Development, Project: Building of Centre of Excellency for
Sudden Cerebral Vascular Events, Comenius University Faculty of Medicine in
Bratislava (ITMS:26240120023), co-financed by the European Regional Devel-
opment Fund.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Ethics Committee of the Faculty of Medicine, Comenius University and
the University Hospital in Bratislava (Old Town Hospital) Mickiewiczova 13,
813 69 Bratislava, Slovakia approved the study design on February 15, 2021
with the reference number 26/2021. All subjects included in the study
signed an informed consent to the project.

Consent for publication
Not applicable.

Kollar et al. Lipids in Health and Disease          (2021) 20:175 Page 6 of 8



Competing interests
The authors declare that they have no competing interests.

Author details
11st Department of Neurology, Faculty of Medicine, Comenius University,
Bratislava, Slovakia. 2Department of Neurology, University Hospital Bratislava,
Bratislava, Slovakia. 3Outpatient Clinic for Sleep-Disordered Breathing,
University Hospital Bratislava, Bratislava, Slovakia. 4Institute of Medical
Chemistry, Biochemistry and Clinical Biochemistry, Faculty of Medicine,
Comenius University, Bratislava, Slovakia. 5Institute of Hygiene, Faculty of
Medicine, Comenius University, Bratislava, Slovakia. 61st Department of
Internal Medicine, Faculty of Medicine, Comenius University, Bratislava,
Slovakia.

Received: 15 October 2021 Accepted: 24 November 2021

References
1. Punjabi NM, Caffo BS, Goodwin JL, Gottlieb DJ, Newman AB, O'Connor GT,

et al. Sleep-disordered breathing andmortality:a prospective cohort study.
PLoS Med. 2009;6(8):e1000132. https://doi.org/10.1371/journal.pmed.

2. Dempsey JA, Veasey SC, Morgan BJ, O'donnell CP. Pathophysiology of sleep
apnea. Physiol Rev. 2010;90(1):47–112. https://doi.org/10.1152/physrev.
00043.2008.

3. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM, Morrell MJ, et al.
Estimation of the global prevalence and burden of obstructive sleep
apnoea: a literature-based analysis. Lancet Respir Med. 2019;7(8):687–98.
https://doi.org/10.1016/S2213-2600(19)30198-5.

4. Bikov A, Meszaros M, Kunos L, Negru AG, Frent SM, Mihaicuta S.
Atherogenic index of plasma in obstructive sleep Apnoea. J Clin Med. 2021;
10(3):417. https://doi.org/10.3390/jcm10030417.

5. Drager LF, Polotsky VY, O'donnell CP, Cravo SL, Lorenzi-Filho G, Machado
BH. Translational approaches to understanding metabolic dysfunction and
cardiovascular consequences of obstructive sleep apnea. Am J Physiol Heart
Circ Physiol. 2015;309:H1101–11. https://doi.org/10.1152/ajpheart.00094.2015.

6. Liu A, Cardell J, Ariel D, Lamendola C, Abbasi F, Kim SH, et al. Abnormalities
of lipoprotein concentrations in obstructive sleep apnea are related to
insulin resistance. Sleep. 2015;38(5):793–9. https://doi.org/10.5665/sleep.4
678.

7. Third Report of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection. Evaluation and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III) final report. Circulation. 2002;106(25):
3143–421. https://doi.org/10.1161/circ.106.25.3143.

8. Juhasz J. Dyslipidemia: another brick in the wall. A feasible link in the OSA-
cardiovascular disease axis. Sleep Breath. 2014;18(1):5–6. https://doi.org/10.1
007/s11325-013-0852-1.

9. Savransky V, Nanayakkara A, Li J, Smith PL, Rodriguez A, Polotsky VY.
Chronic intermittent hypoxia induces atherosclerosis. Am J Respir Crit Care
Med. 2007;175:1290–7. https://doi.org/10.1164/rccm.200612-1771OC.

10. Drager LF, Jun J, Polotsky VY. Obstructive sleep apnea and dyslipidemia:
implications for atherosclerosis. Curr Opin Endocrinol Diabetes Obes. 2010;
17(2):161–5. https://doi.org/10.1097/MED.0b013e3283373624.

11. Zhao CX, Cui YH, Fan Q, Wang PH, Hui R, Cianflone K, et al. Small dense
low-density lipoproteins and associated risk factors in patients with stroke.
Cerebrovasc Dis. 2009;27(1):99–104. https://doi.org/10.1159/000175768.

12. Oravec S, Dostal E, Dukát A, Gavorník P, Kucera M, Gruber K. HDL
subfractions analysis: a new laboratory diagnostic assay for patients with
cardiovascular diseases and dyslipoproteinemia. Neuro Endocrinol Lett.
2011;32(4):502–9.

13. Radikova Z, Penesova A, Vlcek M, Havranova A, Sivakova M, Siarnik P, et al.
Lipoprotein profiling in early multiple sclerosis patients: effect of chronic
inflammation? Lipids Health Dis. 2020;19(1):49. https://doi.org/10.1186/s12
944-020-01221-x.

14. Lamarche B, Tchernof A, Moorjani S, Cantin B, Dagenais GR, Lupien PJ, et al.
Small dense low-density lipoprotein particles as a predictor of the risk of
ischemic heart disease in men. Prospective results from the Québec
cardiovascular study. Circulation. 1997;95(1):69–75. https://doi.org/10.1161/
01.cir.95.1.69.

15. Kasko M, Gaspar L, Dukat A, Gavorník P, Oravec S. High-density lipoprotein
profile in newly-diagnosed lower extremity artery disease in Slovak

population without diabetes mellitus. Neuro Endocrinol Lett. 2014;35(6):
531–5.

16. Oravec S, Dukat A, Gavornik P, Caprnda M, Kucera M, Ocadlik I. Contribution
of the atherogenic lipoprotein profile to the development of arterial
hypertension. Bratisl Lek Listy. 2011;112(1):4–7.

17. Oravec S, Dukat A, Gavornik P, Kucera M, Gruber K, Gaspar L, et al.
Atherogenic versus non-atherogenic lipoprotein profiles in healthy
individuals. Is there a need to change our approach to diagnosing
dyslipidemia? Curr Med Chem. 2014;21(25):2892–901. https://doi.org/10.21
74/0929867321666140303153048.

18. Ivanova EA, Myasoedova VA, Melnichenko AA, Grechko AV, Orekhov AN.
Small dense low-density lipoprotein as biomarker for atherosclerotic
diseases. Oxidative Med Cell Longev. 2017;2017:1273042–10. https://doi.
org/10.1155/2017/1273042,.

19. Sies H. Oxidative stress: a concept in redox biology and medicine. Redox
Biol. 2015;4:180–3. https://doi.org/10.1016/j.redox.2015.01.002.

20. Passali D, Corallo G, Yaremchuk S, Longini M, Proietti F, Passali GC, et al.
Oxidative stress in patients with obstructive sleep apnoea syndrome. Acta
Otorhinolaryngol Ital. 2015;35(6):420–5. https://doi.org/10.14639/0392-100X-
895.

21. Schulz R, Mahmoudi S, Hattar K, Sibelius U, Olschewski H, Mayer K, et al.
Enhanced release of superoxide from polymorphonuclear neutrophils in
obstructive sleep apnea. Impact of continuous positive airway pressure
therapy. Am J Respir Crit Care Med. 2000;162(2 Pt 1):566–70. https://doi.
org/10.1164/ajrccm.162.2.9908091.

22. Dyugovskaya L, Lavie P, Lavie L. Increased adhesion molecules expression
and production of reactive oxygen species in leukocytes of sleep apnea
patients. Am J Respir Crit Care Med. 2002;165(7):934–9. https://doi.org/10.11
64/ajrccm.165.7.2104126.

23. Koppenol WH, Moreno JJ, Pryor WA, Ischiropoulos H, Beckman JS.
Peroxynitrite, a cloaked oxidant formed by nitric oxide and superoxide.
Chem Res Toxicol. 1992;5(6):834–42. https://doi.org/10.1021/tx00030a017.

24. Ip MS, Lam B, Chan LY, Zheng L, Tsang KW, Fung PC, et al. Circulating nitric
oxide is suppressed in obstructive sleep apnea and is reversed by nasal
continuous positive airway pressure. Am J Respir Crit Care Med. 2000;162(6):
2166–71. https://doi.org/10.1164/ajrccm.162.6.2002126.

25. Alzoghaibi MA, Bahamman AS. Lipid peroxides, superoxide dismutase and
circulating IL-8 and GCP-2 in patients with severe obstructive sleep apnea: a
pilot study. Sleep Breath. 2005;9(3):119–26. https://doi.org/10.1007/s11325-
005-0022-1.

26. Christou K, Moulas AN, Pastaka C, Gourgoulianis KI. Antioxidant capacity in
obstructive sleep apnea patients. Sleep Med. 2003;4(3):225–8. https://doi.
org/10.1016/s1389-9457(02)00253-8.

27. El-Saadani M, Esterbauer H, El-Sayed M, Goher M, Nassar AY, Jürgens G. A
spectrophotometric assay for lipid peroxides in serum lipoproteins using a
commercially available reagent. J Lipid Res. 1989;30(4):627–30. https://doi.
org/10.1016/S0022-2275(20)38354-1.

28. Fiedorczuk P, Strozynski A, Olszewska E. Is the oxidative stress in obstructive
sleep apnea associated with cardiovascular complications? Systematic
Review. J Clin Med. 2020;9(11):3734. https://doi.org/10.3390/jcm9113734.

29. Nadeem R, Singh M, Nida M, Waheed I, Khan A, Ahmed S, et al. Effect of
obstructive sleep apnea hypopnea syndrome on lipid profile: a meta-
regression analysis. J Clin Sleep Med. 2014;10(5):475–89. https://doi.org/10.
5664/jcsm.3690.

30. Togeiro SM, Carneiro G, Ribeiro Filho FF, Zanella MT, Santos-Silva R, Taddei
JA, et al. Consequences of Obstructive Sleep Apnea on Metabolic Profile: A
Population-Based Survey. Obesity (Silver Spring). 2013;21(4):847–51. https://
doi.org/10.1002/oby.20288.

31. Coughlin SR, Mawdsley L, Mugarza JA, Calverley PM, Wilding JP. Obstructive
sleep apnoea is independently associated with an increased prevalence of
metabolic syndrome. Eur Heart J. 2004;25(9):735–41. https://doi.org/10.1016/
j.ehj.2004.02.021.

32. McArdle N, Hillman D, Beilin L, Watts G. Metabolic risk factors for vascular
disease in obstructive sleep apnea: a matched controlled study. Am J Respir
Crit Care Med. 2007;175(2):190–5. https://doi.org/10.1164/rccm.200602-270OC.

33. Newman AB, Nieto FJ, Guidry U, Lind BK, Redline S, Pickering TG, et al. Sleep
heart health study research group. Relation of sleep-disordered breathing to
cardiovascular disease risk factors: the sleep heart health study. Am J
Epidemiol. 2001;154(1):50–9. https://doi.org/10.1093/aje/154.1.50.

34. Roche F, Sforza E, Pichot V, Maudoux D, Garcin A, Celle S, et al. Obstructive
sleep apnoea/hypopnea influences high-density lipoprotein cholesterol in

Kollar et al. Lipids in Health and Disease          (2021) 20:175 Page 7 of 8

https://doi.org/10.1371/journal.pmed
https://doi.org/10.1152/physrev.00043.2008
https://doi.org/10.1152/physrev.00043.2008
https://doi.org/10.1016/S2213-2600(19)30198-5
https://doi.org/10.3390/jcm10030417
https://doi.org/10.1152/ajpheart.00094.2015
https://doi.org/10.5665/sleep.4678
https://doi.org/10.5665/sleep.4678
https://doi.org/10.1161/circ.106.25.3143
https://doi.org/10.1007/s11325-013-0852-1
https://doi.org/10.1007/s11325-013-0852-1
https://doi.org/10.1164/rccm.200612-1771OC
https://doi.org/10.1097/MED.0b013e3283373624
https://doi.org/10.1159/000175768
https://doi.org/10.1186/s12944-020-01221-x
https://doi.org/10.1186/s12944-020-01221-x
https://doi.org/10.1161/01.cir.95.1.69
https://doi.org/10.1161/01.cir.95.1.69
https://doi.org/10.2174/0929867321666140303153048
https://doi.org/10.2174/0929867321666140303153048
https://doi.org/10.1155/2017/1273042,
https://doi.org/10.1155/2017/1273042,
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.14639/0392-100X-895
https://doi.org/10.14639/0392-100X-895
https://doi.org/10.1164/ajrccm.162.2.9908091
https://doi.org/10.1164/ajrccm.162.2.9908091
https://doi.org/10.1164/ajrccm.165.7.2104126
https://doi.org/10.1164/ajrccm.165.7.2104126
https://doi.org/10.1021/tx00030a017
https://doi.org/10.1164/ajrccm.162.6.2002126
https://doi.org/10.1007/s11325-005-0022-1
https://doi.org/10.1007/s11325-005-0022-1
https://doi.org/10.1016/s1389-9457(02)00253-8
https://doi.org/10.1016/s1389-9457(02)00253-8
https://doi.org/10.1016/S0022-2275(20)38354-1
https://doi.org/10.1016/S0022-2275(20)38354-1
https://doi.org/10.3390/jcm9113734
https://doi.org/10.5664/jcsm.3690
https://doi.org/10.5664/jcsm.3690
https://doi.org/10.1002/oby.20288
https://doi.org/10.1002/oby.20288
https://doi.org/10.1016/j.ehj.2004.02.021
https://doi.org/10.1016/j.ehj.2004.02.021
https://doi.org/10.1164/rccm.200602-270OC
https://doi.org/10.1093/aje/154.1.50


the elderly. Sleep Med. 2009;10(8):882–6. https://doi.org/10.1016/j.sleep.2008.
07.017.

35. Bikov A, Lazar Z, Horvath P, Tarnoki DL, Tarnoki AD, Fesus L, et al.
Association between serum lipid profile and obstructive respiratory events
during REM and non-REM sleep. Lung. 2019;197(4):443–50. https://doi.org/1
0.1007/s00408-019-00195-7.

36. Tan KC, Chow WS, Lam JC, Lam B, Wong WK, Tam S, et al. HDL dysfunction
in obstructive sleep apnea. Atherosclerosis. 2006;184(2):377–82. https://doi.
org/10.1016/j.atherosclerosis.2005.04.024.

37. Lavie L. Oxidative stress - a unifying paradigm in obstructive sleep apnea
and comorbidities. Prog Cardiovasc Dis. 2009;51(4):303–12. https://doi.org/1
0.1016/j.pcad.2008.08.003.

38. Šiarnik P, Kollár B, Filippi P, Klobučníková K, Hlucháňová A, Žitňanová I, et al.
Association of lipid profile with sleep-disordered breathing in patients with
acute ischemic stroke. J Stroke Med. 2020;3(1):28–33. https://doi.org/10.11
77/2516608520919211.

39. Yardim-Akaidin S, Caliskan-Can E, Gokalp F, Firat H, Ardic S, Simsek B. Lipid
peroxidation and DNA damage in apnea patients with or without
metabolic syndrome. Sleep Biological Rhythms. 2013;11(2):116–24. https://
doi.org/10.1111/sbr.12012.

40. Hopps E, Canino B, Calandrino V, Montana M, Lo Presti R, Caimi G. Lipid
peroxidation and protein oxidation are related to the severity of OSAS. Eur
Rev Med Pharmacol Sci. 2014;18(24):3773–8.

41. Lavie L, Vishnevsky A, Lavie P. Evidence for lipid peroxidation in obstructive
sleep apnea. Sleep. 2004;27(1):123–8.

42. Barceló A, Miralles C, Barbé F, Vila M, Pons S, Agustí AGN. Abnormal lipid
peroxidation in patients with sleep apnoea. Eur Respir J. 2000;16(4):644–7.
https://doi.org/10.1034/j.1399-3003.2000.16d13.x.

43. Carpagnano GE, Kharitonov SA, Resta O, Foschino-Barbaro M, Gramiccioni E,
Barnes PJ. 8-Isoprostane, a marker of oxidative stress, is increased in exhaled
breath condensate of patients with obstructive sleep apnea after night and
is reduced by continuous positive airway pressure therapy. Chest. 2003;
124(4):1386–92. https://doi.org/10.1378/chest.124.4.1386.

44. Ozben S, Huseyinoglu N, Hanikoglu F, Guvenc TS, Yildirim BZ, Cort A, et al.
Advanced oxidation protein products and ischaemia-modified albumin in
obstructive sleep apnea. Eur J Clin Investig. 2014;44(11):1045–52. https://doi.
org/10.1111/eci.12338.

45. Yamauchi M, Nakano H, Maekawa J, Okamoto Y, Ohnishi Y, Suzuki T, et al.
Oxidative stress in obstructive sleep apnea. Chest. 2005;127(5):1674–9.
https://doi.org/10.1378/chest.127.5.1674.

46. Orrù G, Storari M, Scano A, Piras V, Taibi R, Viscuso D. Obstructive Sleep
Apnea, oxidative stress, inflammation and endothelial dysfunction-An
overview of predictive laboratory biomarkers. Eur Rev Med Pharmacol Sci.
2020;24(12):6939–48. https://doi.org/10.26355/eurrev_202006_21685.

47. Klobucnikova K, Siarnik P, Sivakova M, Wagnerova H, Mucska I, Kollar B, et al.
Carotid intima-media thickness is not associated with homocysteine and
vitamin D levels in obstructive sleep apnea. Scand J Clin Lab Invest. 2017;
77(4):263–6. https://doi.org/10.1080/00365513.2017.1299210.

48. Siarnik P, Carnicka Z, Krizova L, Wagnerova H, Sutovsky S, Klobucnikova K,
et al. Predictors of impaired endothelial function in obstructive sleep apnea
syndrome. Neuro Endocrinol Lett. 2014;35(2):142–8.

49. Bajer B, Radikova Z, Havranova A, Zitnanova I, Vlcek M, Imrich R, et al. Effect
of 8-weeks intensive lifestyle intervention on LDL and HDL subfractions.
Obes Res Clin Pract. 2019;13(6):586–93. https://doi.org/10.1016/j.orcp.2019.1
0.010.

50. Moreno-Indias I, Torres M, Montserrat JM, Sanchez-Alcoholado L, Cardona F,
Tinahones FJ, et al. Intermittent hypoxia alters gut microbiota diversity in a
mouse model of sleep apnoea. Eur Respir J. 2015;45(4):1055–65. https://doi.
org/10.1183/09031936.00184314.

51. Huang KC, Lin RC, Kormas N, Lee LT, Chen CY, Gill TP, et al. Plasma leptin is
associated with insulin resistance independent of age, body mass index, fat
mass, lipids, and pubertal development in nondiabetic adolescents. Int J
Obes Relat Metab Disord. 2004;28:470–5. https://doi.org/10.1038/sj.ijo.0802
531.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kollar et al. Lipids in Health and Disease          (2021) 20:175 Page 8 of 8

https://doi.org/10.1016/j.sleep.2008.07.017
https://doi.org/10.1016/j.sleep.2008.07.017
https://doi.org/10.1007/s00408-019-00195-7
https://doi.org/10.1007/s00408-019-00195-7
https://doi.org/10.1016/j.atherosclerosis.2005.04.024
https://doi.org/10.1016/j.atherosclerosis.2005.04.024
https://doi.org/10.1016/j.pcad.2008.08.003
https://doi.org/10.1016/j.pcad.2008.08.003
https://doi.org/10.1177/2516608520919211
https://doi.org/10.1177/2516608520919211
https://doi.org/10.1111/sbr.12012
https://doi.org/10.1111/sbr.12012
https://doi.org/10.1034/j.1399-3003.2000.16d13.x
https://doi.org/10.1378/chest.124.4.1386
https://doi.org/10.1111/eci.12338
https://doi.org/10.1111/eci.12338
https://doi.org/10.1378/chest.127.5.1674
https://doi.org/10.26355/eurrev_202006_21685
https://doi.org/10.1080/00365513.2017.1299210
https://doi.org/10.1016/j.orcp.2019.10.010
https://doi.org/10.1016/j.orcp.2019.10.010
https://doi.org/10.1183/09031936.00184314
https://doi.org/10.1183/09031936.00184314
https://doi.org/10.1038/sj.ijo.0802531
https://doi.org/10.1038/sj.ijo.0802531

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	Sleep study
	Plasma
	Lipid parameters
	Lipoprotein subfractions
	Lipoperoxides in plasma
	Statistical evaluation of results

	Results
	Comparisons with other studies and what does the current work add to the existing knowledge
	Study strength and limitations

	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

