Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/

For personal use only.

Research Reports in Clinical Cardiology

3

Dove

ORIGINAL RESEARCH

8-isorpostanes — markers for oxidative
stress in obstructive sleep apnea patients
with systolic dysfunction

Radostina Vlaeva Cherneva'
Ognian Borisov Georgiev'
Daniela Stoichkova Petrova'
Emil Ivanov Manov?

Sylvia Rumenova Ruseva®
Vanio lvanov Mitev?

Julia Ivanova Petrova*

'Department of Internal Medicine,
Division of Pulmonary Medicine,
Medical University of Sofia, Sofia,
Bulgaria; 2Department of Internal
Medicine, Division of Cardiology,
Medical University of Sofia, Sofia,
Bulgaria; *Department of Medical
Chemistry and Biochemistry,
Laboratory of Synthesis and Analysis
of Bioactive Substances, Medical
University of Sofia, Sofia, Bulgaria;
“‘Department of Neurology, Medical
University of Sofia, Sofia, Bulgaria

Correspondence: Radostina Vlaeva
Cherneva

Division of Pulmonary Medicine,
Medical University of Sofia,

1431 Georgi Sofiiski St, Sofia, Bulgaria
Tel +359 888 512 9402

Email cherneva_radost@yahoo.com

This article was published in the following Dove Press journal:
Research Reports in Clinical Cardiology

19 June 2013

Number of times this article has been viewed

Objective: Increased oxidative stress is considered to be an independent risk factor for
cardiovascular diseases, but remains disputed in obstructive sleep apnea (OSA). Among oxidative
stress markers, isorpostanes are considered to be the most sensitive and specific.

Aims: The aim of the study was to compare urinary isorpostanes in patients with OSA and
systolic dysfunction to patients with OSA and preserved ejection fraction (EF) and determine
their role as markers for increased oxidative stress and early cardiac damage.

Materials and methods: Urinary 8F2-isorpostanes were measured in 30 patients with OSA
and mild systolic dysfunction (EF =45.7% % 6.17%) and compared to 15 patients with OSA and
normal EF (EF =60.3% % 6.3%). Univariate regression analysis was performed to find predictors
of left systolic dysfunction. Correlations between 8-isorpostanes, anthropometric, metabolic,
and sleep study characteristics were explored. In addition, in 19 patients the effect of bilevel
positive airway pressure (BiPAP) therapy was evaluated during a 3 month follow-up. Markers of
hemodynamic stress, N-terminal prohormone of brain natriuretic peptide and oxidative stress,
measured by 8-isorpostanes were compared before and after the follow-up.

Results: Urinary levels of 8-isorpostanes were significantly higher in the group with mild sys-
tolic dysfunction in comparison to the controls with preserved EF (0.149 versus 0.049 pg/uL,
P=0.023). The regression analysis did not define them as predictors for left systolic dysfunction.
Their urinary concentration correlated best to the average desaturation index (P =0.043). Urinary
8-isorpostanes decreased as a result of BiPAP therapy after three months of follow-up (0.164
versus 0.098 pg/uL, P=0.011).

Conclusion: Urinary isorpostanes are reliable markers for chronic intermittent hypoxia and
oxidative stress in OSA patients. They may be of clinical application for the early detection of
patients at risk for cardiovascular damage and could help in the monitoring of the restoration
of oxidative balance.

Keywords: 8-isorpostanes, oxidative stress, LV systolic dysfunction, OSA

Introduction
Cardiovascular risk is undoubtedly increased in obstructive sleep apnea (OSA)
patients. The main triggers are supposed to be due to accelerated recurrent hypoxia,
hypercapnia, acidosis, increased sympathetic activity, and impairment of the balance
between myocardial oxygen demand and supply during sleep.? The accompanying
metabolic syndrome, adipose tissue dysfunction, and dysregulated adipokine secretion
additionally contribute to the oxidative stress these patients are exposed 0.3
Chronic intermittent hypoxia, characteristic for sleep disordered breathing is
a prominent feature of OSA. Patients with OSA experience episodes of cessation
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of breathing, which lead to hypoxia and reoxygenation.®’
These events may represent a form of oxidative stress, lead-
ing to increased generation of reactive oxygen species, that
expose this group of patients to prolonged vascular and car-
diac damage. Consequently, OSA has recently been described
as an oxidative stress disorder in which oxygen-free radicals,
produced within the vasculature, activate leukocytes, cause
lipid peroxidation, and cause adhesion molecule expression
and inflammation — mechanisms, promoting cardiovascular
derangements.®® However, due to different biochemical
markers and technical approaches, the presence of oxidative
stress in OSA patients has long been disputed.!®!! The recent
application of mass spectrometry validated isorpostanes
as the “gold standard,” for measuring lipid peroxidation
in vivo.!21 Urinary isorpostanes in OSA patients have been
reported as markers for early vascular remodeling preceding
functional impairment.'

Considering this and assuming the fact that oxidative
stress is correlated with the progression of heart failure'-'¢
and deterioration of functional capacity,'” we tried to evalu-
ate the clinical usefulness of urinary isorpostanes as mark-
ers for oxidative stress and early cardiac damage in OSA
patients.

Materials and methods

Subjects

Forty-five patients with newly diagnosed OSA participated
in the study. Patients were recruited from the Sleep Lab
of the University Hospital “Alexandrovska,” Clinic of
Internal Medicine, Division of Pulmonology during the
period January—April 2011. Fifteen patients with preserved
EF were included in the control group. The rest of the
patients had mild systolic dysfunction. To establish the
effect of bilevel positive airway pressure (BiPAP) therapy
they have been followed up for 3 months. The study was
approved by the Ethics Committee of the Medical Univer-
sity of Sofia. All patients signed informed consent forms
for participation.

Inclusion criteria

Inclusion criteria were ejection fraction (EF) < 50% and
stable chronic heart failure. During the last 3 months patients
had not been hospitalized and had not changed their support-
ive therapy. The diagnosis of OSA was based on a combina-
tion of clinical symptoms (ie, daytime excessive sleepiness)
and a standard polysomnography (E-series; Compumedics
Limited, Victoria, Australia). OSA was considered if the

apnea-hypopnea index (AHI) was more than five events per
hour.

Exclusion criteria

Exclusion criteria were as follows: (1) long-term continuous
positive airway pressure (CPAP) or BiPAP therapy; (2) central
sleep apnea or Cheyne—Stokes respiration; (3) chronic
obstructive pulmonary disease, chronic respiratory failure,
or need of oxygen therapy; (4) ischemic episode or unstable
angina; (5) recent episode of acute heart failure within the
last 6 months; (6) concomitant large hemispheric or brainstem
stroke; (7) renal failure; and (8) neoplasm.

Study design

Patients with systolic dysfunction and OSA were recruited
after baseline polysomnography. Patients were provided with
the same positive airway pressure (PAP) device (BiPAP-ST,
DeVilbiss, Somerset, PA, USA). Those who agreed to remain
on noninvasive ventilation formed the BiPAP treatment
modality group. Those who refused noninvasive ventilation
remained on their current pharmacotherapy. The cardiolo-
gist performing echocardiography was blinded to patient
assignment. The use of the same machine protected against
any bias regarding superiority of any device that participants
may have had. The research coordinators contacted partici-
pants monthly and received their device card memory.

Clinical methods

Polysomnography

Baseline polysomnography was standard nocturnal poly-
somnography performed in the Sleep Laboratory. The
polysomnography included airflow measured by nasal
airflow; thoracoabdominal wall movements were measured
by inductance plethysmography; arterial oxygen saturation
was measured by pulse oximetry; electrocardiogram, bilateral
electrooculography, four channels of electroencephalography,
body position was detected and chin and tibial electromyo-
grams were also performed.

Scoring of respiratory events in the polysomnography
was according to the definitions provided by the American
Academy of Sleep Medicine.'® Continuous positive pressure
was used for all patients on the titration night and the titration-
targeted elimination of apneas was performed.

Echocardiography
All participants underwent resting two-dimensionally guided
M-mode echocardiography at baseline. Left ventricle (LV)
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septal wall thickness, posterior LV wall thickness, and
LV end-diastolic diameter were measured at end-diastole.
LV end-systolic diameter and left anterior descending were
measured at end-systole. All measurements were obtained in
accordance with the American Society of Echocardiography
guidelines using a leading-edge-to-leading-edge technique.'®
LV fractional shortening was calculated as (LV end-diastolic
diameter — LV end-systolic diameter)/(LV end-diastolic
diameter). LV EF was measured according to the modified
Simpson’s method. The echocardiographer was blinded to
device randomization.

24-hour blood pressure monitoring

Blood pressure monitoring was performed with Boso,
(ProfilManager, Bosch and Sohn, GmbH Co.KG Jungingen,
Germany). Blood pressure was recorded every 20 minutes
during the daytime (between 7 am and 10 pm) and every
30 minutes during the nighttime (between 10 pm and 7 am)
for 24 hours. Patients recorded a daily action profile from
which information about the precise times of sleeping and
waking were obtained. The onset of sleep was identified as
the time that the participant went to bed. The participants
were instructed to carry out normal daily activities during
the monitoring period.

Laboratory assays

N-terminal prohormone of brain natriuretic

peptide (NT-pro-BNP)

Plasma levels of NT-pro-BNP were determined by electro-
chemiluminescence immunoassay for quantitative determina-
tion (Elecsys proBNP II assay, Roche, Basel, Switzerland).
Functional sensitivity was 0.6-4130 pmol/L. The coefficient
of variation was 20%.

Urinary 8-isorpostanes levels

The levels of 8-isorpostanes in urine samples were determined
by high resolution accurate mass (HRAM) mass spectrometry
on an LTQ Orbitrap® Discovery (Thermo Fisher Scientific,
Waltham, MA, USA) mass spectrometer, equipped with a
Surveyor® ESI module (ThermoScientific Co, USA), Plus
high-performance liquid chromatography system and lonMax®
(ThermoScientific Co, USA) electrospray ionization module.
The analyses were carried out by the stable isotope dilution
method in negative ionization mode using heated electro-
spray ionization (HESI-II) source type. The concentration
and purification of 8-isorpostanes from urine samples was
processed by affinity sorbent (Cayman Chemical, Ann Arbor,

MI, USA), following the producer’s protocol. The urinary
isorpostanes levels were standardized to the levels of urinary
creatinine. It was measured applying the enzyme method —
Creatinine plus version 2 (CREP2) (Cobas Integra, Roche).

Titration

Continuous positive pressure was used for all patients on the
titration night. Once apneas were eliminated, the pressure was
then increased to eliminate hypopneas and snoring. Pressure
determination was as follows: the lowest pressure required to
eliminate apneas was used for expiratory PAP (EPAP) level;
the pressure required to eliminate hypopneas and snoring was
used for inspiratory PAP (IPAP).

Adherence to treatment

All patients assigned to BiPAP were instructed to use it at
home every night for at least 4 hours. Adherence was deter-
mined by a monthly download of device memory. Adherence
was mainly expressed as average hours of night use in the
90 nights of the study period. Patients were considered
compliant if they used the BiPAP for an average of 4 hours
or more per night and 5 days or more per week.

Statistical methods

Data are presented as mean + standard deviation (SD). The
Kolmogorov—Smirnov test was used for the detection of the
distribution of variables. Continuous data was compared
by analysis of variance (ANOVA) or the Mann—Whitney
U test. Categorical data were compared by the Chi-square
or Kruskal-Wallis tests. To assess the association between
continuous variables, bivariate correlation analysis was used.
To analyze which variables were associated with systolic
dysfunction, univariate analyses were performed separately
for each variable using binary logistic regression analysis.
A P-value of less than 0.05 was considered as statistically
significant. Statistical analysis was performed with a stan-
dard statistical program package (SPSS version 14.0, IBM
Corporation, Armonk, NY, USA).

Results

General characteristics of the patients
with OSA and mild systolic dysfunction
Table 1 details participant characteristics. Nineteen partici-
pants (18 men; one woman) received noninvasive ventila-
tion in addition to their standard pharmacotherapy. Eleven
patients (eleven men) remained on pharmacotherapy only.
There were no significant differences between the two groups
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Table | Basic characteristics of the patients

BiPAP group (19) Standard therapy (11) Control group (15)
Anthropometric characteristics
Age (years) 554+103 53.15+7.68 49.75 + 6.78
P =0.623**
Male/female 18/1 11/0 12/3
BMI (kg/m?) 41.05 +£5.95 39.06 £ 6.92 38.06 +7.57
P = 0.485%**
Waist circumference (cm) 134.6 £ 13.32 130.3 £ 16.29 132.16 £ 19.76
P =0.42]%*
Smokers (current:former:nonsmoker) 12:6:1 5:4:2 12:2:1
Sleep study characteristics
Mild—moderate OSA 3/19 (16%) 2/11 (18%) 0
Severe OSA 16/19 (84%) 9/l (82%) 15/15 (100%)
AHI (events/hour) 50.93 £25.4 49.14 +283 65.94 £ 30.58
P =0.32%
Sleep duration (min) 211 £21.6 209 £ 45.9 203.5+ 443
P = 0.087**
Average desaturation index (%)
Time SpO, < 90% (sleep time) 79.43 289 56.35+37.8 50.43 +£23.41
P=0.1 4%+
Lipid profiles
HDL (mmol/L) 1.20 +0.29 1.35+0.38 1.31 £ 041
P =0.9]2%*
LDL (mmol/L) 2.74+£0.75 3.38+ 1.06 3.25+1.05
P = 0.428%*
VLDL (mmol/L) 0.94 +£0.53 0.83 +£0.34 0.81 £0.25
P =0.78]**
Total cholesterol (mmol/L) 4.86 + 1.03 5.57£0.99 539+ 1.28
P=0.613*"*
Triglycerides (mmol/L) 1.81 +0.64 1.83 £ 0.76 1.83 £0.56
P = 0.345%*
Glucometabolic markers 15.60 + 4.48 12.13+4.16 3.5+4.58
P = 0.000***
Immunoreactive insulin (mUI/mL) 18.47 + 10.65 153 +8.67 19.46 + 14.26
P=0.316* P =0.229%* P=0.151%
HOMA index 4.18+237 343+248 6.0l £7.21
P =0.177%%
HbA 6.59 £ 1.31 5.92 £0.63 6.04 +0.82
P =0.253* P=0.103%* P=0.210%"
Biomarkers
Isorpostanes (pg/LLL crn) 0.164 +0.09 0.125 £ 0.05 0.049 £ 0.02
P =0.041%* P = 0.003**
NT-pro-BNP (pmol/L) 51.75 £ 46.3 39.12+ 876 -

Notes: *Mann—Whitney comparison of BiPAP versus standard therapy; **Mann—Whitney comparison of standard therapy versus control; **Mann-Whitney comparison

of BiPAP versus control.

Abbreviations: BMI|, body mass index; BiPAP, bilevel positive airway pressure; HDL, high-density lipoprotein; HOMA, Homeostasis Model Assessment; LDL, low-density
lipoprotein; NT-pro-BNP, N-terminal prohormone of brain natriuretic peptide; OSA, obstructive sleep apnea; VLDL, very low-density lipoprotein.

regarding their anthropometric characteristics —age, weight,
and waist circumference.

The systolic dysfunction was due to arterial hypertension
in 54% of the patients in the BiPAP group. In 36% of them
it was as a result of ischemic heart disease. The etiology of
the disease was similar in the group that remained on phar-
macological treatment only.

Patients with both treatment modalities had almost
similar 24-hour profiles of systolic and diastolic blood
pressure (Table 2). All patients had been receiving optimal
doses of angiotensin-converting enzyme inhibitors, diuretics,
and beta-blockers according to the guidelines for treatment of
hypertension and early systolic dysfunction (data presented
in Table 1).
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Table 2 Echocardiographic and hemodynamic characteristics of patients

BiPAP group (19)

Standard therapy (11) Control group (15)

Echocardiographic characteristics

LVFS (%) 26.26 £4.12
EF (%) 45.64 +5.48
Septum (mm) 13.75 £ 2.1
PW (mm) 1329+ 1.8
Blood pressure characteristics
Diurnal systolic blood pressure (mmHg) 134.66 £ 8.17
Diurnal diastolic blood pressure (mmHg) 80.01 £9.31
Nocturnal systolic blood pressure (mmHg) 126.05 + 9.63
Nocturnal diastolic blood pressure (mmHg) 78.8 +9.41
Cardiomyopathy
Ischemic/non-ischemic 8/19 (42%)
Diabetics 5/19 (25%)

Impaired glucose tolerance
Normal glucose metabolism

5/19 (25%)
9/18 (50%)

Treatment
ACEI 18/19 (94%)
Beta blockers 12/19 (63%)
Diuretics 17119 (89%)
Statins 1719 (5%)

25.14 +3.09 32.75 + 4.46
45.87 + 6.87 60.37 £ 6.30
1182422 12.68 + 1.53
12.76 £ 1.9 12.66 + 1.63
142.3 +9.48 136.28 + 13.8]
813+9.82 82.8+ 8389
109.2 +8.12 121.85 + 10.57
67.3 £9.65 73.02+£7.33
611 (54%) 115 (1%)
411 (27%) 215 (13%)
- 8/15 (53%)
7111 (63%) 5/15 (34%)
911 (81%) 13/15 (87%)
7111 (63%) 10/15 (67%)
8/11 (72%) 9/15 (60%)

3/11 (27.2%) 4/15 (26%)

Abbreviations: ACEI, angiotensin-converting-enzyme inhibitor; BiPAP, bilevel positive airway pressure; EF, ejection fraction; LVFS, left ventricle fractional shortening;

PW, pulsed wave.

Fifty percent of the patients in the BiPAP group had dys-
glycemia (diabetes 25%; impaired glucose tolerance 25%).
In the group that remained on standard treatment only 27%
were diabetics, the rest (73%) did not have any impairments
in their glucose metabolism (Table 2).

Sleep study characteristics of the patients
with OSA and mild systolic dysfunction

In comparing the groups of treatment modality according to
their sleep study characteristics, no large discrepancies could
be observed. In the BiPAP group, 84% (16/19) had severe
apnea. The percentage was nearly the same in the group on
standard therapy: 82% (9/11). The duration of sleep and AHI
indexes were also comparable. The time with SpO, < 90%
however, was significantly longer in the BiPAP group (79%
versus 56%), but not of statistical significance (Table 1).

General characteristics

of the control group

The anthropometric characteristics of the control group (with
preserved EF) did not differ significantly from those of the
patients with mild systolic dysfunction (Table 1). The mean
age of the group was 49.75 + 6.78 years. The average body
mass index (BMI) was 38.06 = 7.57. All patients in the control
group were treated for hypertension. Sixty-six percent of the
patients had dysglycemia (13% had diabetes and 53% had
impaired glucose tolerance). All patients had severe apnea.
The average AHI was 65.94 + 30.58 events/hour.

Comparison between biomarkers
of oxidative stress in OSA patients
with preserved systolic function

and mild systolic dysfunction

Urinary isorpostanes levels in OSA patients with mild systolic
dysfunction were compared to those in the control group with
preserved EF. As shown in Table 3, urinary isorpostanes levels
were higher in patients with systolic dysfunction (P =0.023).
The two groups did not differ significantly except for the
average desaturation index. However, even after adjustment
for average desaturation index, the difference in urinary isor-
postanes levels between the two groups remained significant
(P =0.042). Urinary isorpostanes correlated to none of the
anthropometric, metabolic, or sleep study parameters except
for the average desaturation index (P = 0.043, Table 4). To
further test whether oxidative stress is associated with systolic
dysfunction, a univariate regression analysis was performed.
In the univariate analysis, none of the markers (Table 5) were
associated with systolic dysfunction.

The effects of BiPAP on biomarkers

of hemodynamic and oxidative stress

in patients with systolic dysfunction

All patients with systolic dysfunction were followed up and
their urinary levels of isorpostanes were measured at baseline
and at the third month. Only in patients on BiPAP was there
a statistically significant decrease in urinary isorpostanes
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Table 3 Clinical parameters and biomarkers of oxidative stress
in patients with systolic dysfunction and in the control group

Table 5 Univariate regression analysis for predictors of left
systolic dysfunction

Patients with systolic Controls
dysfunction
Anthropometrics
Age (years) 545182 49.75 + 6.78
P=0.172
BMI (kg/m?) 4031 +5.12 38.06 +£7.57
P=0.262
Glucometabolic
IRl (mUIL) 1731 £9.4 19.46 + 14.26
P=0.845
Fasting glucose 624+27I 6.01 £2.1
(mmol/L) P=0.765
HbA 6.34 £0.82 6.04 +0.82
P=0.259
Sleep characteristics
Sleep duration 210.26
AHI 50.27 £ 26.1 65.94 +30.58
P=0274
Average desat index 14.33 £ 4.48 3.5+458
P =0.000
SpO, < 90% 70.94 £ 31.1 50.43 £23.41
P=0.180
Oxidative stress markers
Isorpostanes (pg/mL) 0.149 £ 0.09 0.049 £ 0.02
P=0.023

Abbreviations: AHI, apnea-hypopnea index;

IRI, immunoreactive insulin.

index; BMI, body mass

levels (Table 6). The plasma levels of NT-pro-BNP were
followed up in 89% of the BiPAP patients and 72% of the
control group. In both groups plasma levels decreased, but
did not reach statistical significance.

Table 4 Correlations between clinical parameters and
biomarkers of oxidative stress — isorpostanes in patients with

systolic dysfunction

Isorpostanes

Anthropometrics

Age (years) P=0.923

BMI (kg/m?) P=0.649

Smoking status P=0732
Glucometabolic

IRI (mU/L) P=0.638

HbA P=0.326
Sleep characteristics

Sleep duration (minutes) P=0.074

AHI P=0.274

Average desaturation index P=0.043

SpO, <90% P=0.392
Abbreviations: AHI, apnea-hypopnea index; BMI, body mass index;

IRI, immunoreactive insulin.

P-value R
Age (years) 0.632 0.001
Sex 0.523 0.004
BMI (kg/m?) 0.101 0.007
AHI (events/hour) 0.065 0.011
Average desaturation (%) 0.072 0.013
Time of sleep SpO, < 90% (minutes) 0.217 0.003
HbA 0.063 0.0032
IRl (mUIL) 0.149 0.008
Isorpostanes (pg/mL) 0.092 0.023
Systolic blood pressure (mmHg) 0.196 0.001
Diastolic blood pressure (mmHg) 0.382 0.017
Diabetes 0.181 0.024
Coronary artery disease 0.442 0.023
Hypertension 0.487 0.032
ACEI 0.312 0.008
Beta blockers 0.128 0.007
Diuretics 0.233 0.023
Statins 0.061 0.012

Abbreviations: ACEI, angiotensin-converting-enzyme inhibitor; AHI, apnea—
hypopnea index; BMI, body mass index; IRI, immunoreactive insulin.

Discussion
OSA, chronic intermittent hypoxia (CIH),

and oxidative stress in heart failure patients
CIH that accompanies OSA is generally accepted as a
unique pathophysiological mechanism, responsible for
oxidative stress, inflammation, and cardiovascular damage.
Experimental evidence indicates that CIH is a unique
physiological state with potentially adaptive and maladap-
tive consequences for cardio-respiratory homeostasis. Now,
numerous studies have shown that oxidative stress is the main
mechanism of cardiac ischemia/reperfusion (I/R) injury.?*22
Because there is a resemblance between the patterns of CIH
associated with OSA and I/R injury, potential mechanisms of
oxidative stress in OSA have been postulated to be directly
related to CIH in a manner similar to I/R injury or indirectly
via inflammatory response.

Most recent studies in animal models of CIH as well as in
OSA patients confirm that OSA is associated with oxidative
stress, which generally correlates with the severity of sleep
apnea.'** CIH-provoked mild and transient oxidative stress
can induce adaptation, but severe and persistent CIH may
provoke maladaptation as in OSA patients if untreated. As
oxidative imbalance has been accepted as a trigger for cardiac
dysfunction, the early detection of increased oxidative stress
in OSA patients is of importance for risk stratification and
strict control regarding CPAP compliance and treatment.
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Table 6 Baseline and third month isorpostanes and NT-pro-BNP

BiPAP group Standard treatment
Baseline Third month Baseline Third month
NT-pro-BNP (pmol/L) 51.75+ 463 745+ 6.12 39.12 £ 8.76 11.4+£7.12
P =0.066 P=0.235
Isorpostanes 0.164 + 0.09 0.098 + 0.05 0.125 + 0.05 0.097 £ 0.03
P=0.011 P=0.262

Abbreviations: BiPAP, bilevel positive airway pressure; NT-pro-BNP, N-terminal prohormone of brain natriuretic peptide.

Isorpostanes — markers for oxidative
stress in OSA

F2-isorpostanes are products of the free radical catalyzed
peroxidation of arachidonic acid in biological membranes and
validated markers of oxidative stress in vivo.?* Increased uri-
nary excretion or plasma concentrations of F2-isorpostanes
have been observed in many conditions (smoking, insulin
resistance, diabetes),>?® where their increase is associated
with endothelial dysfunction, myocardial apoptosis, gene
expression modification, and cardiac remodeling.?

In our study we investigated the levels of oxidative stress,
measured by urinary isorpostanes concentration. Highly sen-
sitive mass spectrometry was used for precise measurement.
Urinary isorpostanes levels in OSA patients with mild sys-
tolic dysfunction (EF —40%—45%) were compared to those
with preserved EF. The design of the study was planned
to determine if urinary isorpostanes levels could serve as
biomarkers for increased risk of oxidative stress in OSA.
In our study group, patients shared common risk factors for
systolic dysfunction and had moderate to severe OSA. We
found that urinary isorpostanes were significantly higher in
OSA patients with mild systolic dysfunction in comparison
to those with preserved EF. However, a univariate regression
analysis determined that isorpostanes were not associated
with systolic dysfunction, probably due to the small number
of patients. Urinary isorpostanes concentration correlated
best to the average desaturation index and did not show
associations with AHI.

Our findings are similar to those of Monneret et al'* who
reported that urinary isorpostanes are high in otherwise
healthy OSA patients in comparison to carefully matched
controls and are indicative of carotid-intima media thick-
ness even in the absence of a functional vessel impairment.
Similar to our results, they showed that urinary isorpostanes
are markers of oxidative stress in OSA patients that correlate
best to AHI and the desaturation index.'

Both studies point to the fact that urinary isorpostanes
could serve as reliable markers of chronic intermittent

hypoxia and oxidative stress. They may find clinical useful-
ness in the detection of patients before overt cardiovascular
damage develops.

Noninvasive ventilation and oxidative

stress in OSA patients with heart failure
Noninvasive ventilation is the standard treatment for
patients with obstructive sleep apnea. Though the hemo-
dynamic effects of PAP ventilation are well described,
it is still disputable whether PAP ventilation diminishes
the imbalance between increased reactive oxygen species
generation and endogenous antioxidant pools. As oxidative
stress imbalance contributes to heart failure progression, its
abolishment is attractive for prophylactic and therapeutic
intervention of OSA.

In our study, we aimed to assess LV systolic functions in
patients with moderate to severe OSA treated for 3 months
either with BiPAP and pharmacotherapy, or pharmacotherapy
alone. Blood pressure profiles, anthropometric risk factors,
and other cardiovascular risk factors were similar in both
groups. There were no significant differences between the
groups in any of the echocardiographic parameters examined.
However, urinary isorpostanes decreased significantly only
in patients with noninvasive ventilation. Their fall preceded
the decrease of NT-pro-BNP (51.47 versus 7.93, P =0.066),
a well validated marker of hemodynamic stress. Though
speculative, we can hypothesize that oxidative stress in OSA
patients could be easier manipulated in patients with systolic
dysfunction where large hemodynamic abnormalities are
still absent.

Limitations

The results of the study are best related to patients with severe
OSA (>60% of the patients had AHI > 30 events/hour),
extreme obesity (BMI > 38 kg/m?), and predominantly men.
The cross sectional characteristics of the study and the small
number of patients do not allow for a cause—effect analysis
regarding levels of oxidative stress and cardiac damage.
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Conclusion
According to our findings, urinary isorpostanes correlate best
to the average desaturation index in OSA, which suggests that
they are reliable biomarkers for CIH and oxidative stress. They
are increased in OSA patients with mild systolic dysfunction
in comparison to those with preserved EF, which, if confirmed
in larger studies, may be of clinical application for the early
detection of patients at risk for cardiovascular damage.
Considering our results, urinary isorpostanes could be
modified by BiPAP therapy. This could be of therapeutic
utility if the result holds in larger and longer clinical trials.
Isorpostanes may help in the monitoring of the effect of
BiPAP therapy, as well as allow for the supplementation of
antioxidants to balance the redox status in OSA patients with
systolic dysfunction.
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