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Abstract

Pupose Obstructive sleep apnea (OSA) is associated with
various metabolic disorders, and oxidative stress was sug-
gested to play an important role. In the present study, we
aimed to investigate serum adiponectin and oxidative stress
markers, especially protein carbonyls, and to evaluate the
correlation between these parameters and lipid, insulin and
fasting glucose concentrations in OSA patients and controls.
Method Blood was drawn from healthy male volunteers
following full-night polysomnographic evaluation. Subjects
were classified as controls (n=24), mild OSA group (n=9)
and moderate-severe OSA group (n=17) according to their
apnea—hypopnea indices (AHIs). Serum lipids, fasting
glucose, adiponectin, malondialdehyde (MDA), protein
carbonyl concentrations, and paraoxonase activities were
measured in all subjects.

Results Results of this study indicated that serum adipo-
nectin concentrations were significantly decreased and
MDA and protein carbonyl concentrations were significant-
ly elevated in OSA patients compared to the controls.
Protein carbonyl and MDA concentrations were signifi-
cantly and positively correlated with AHI, while a
significant negative correlation was found between adipo-
nectin concentrations and AHI. Adiponectin levels were
negatively correlated with MDA levels.

Conclusion Results of this study, which is the first human
study investigating and describing serum protein carbonyl
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concentrations in OSA patients, reveal that OSA causes
increments in oxidative damage and decreases adiponectin
levels. The recurrent hypoxia-reoxygenation attacks in OSA
patients may activate oxidative stress, elevating sympathet-
ic activity and leading to low levels of adiponectin.

Keywords Sleep apnea - Oxidative stress -
Protein oxidation - Adiponectin

Introduction

Obstructive sleep apnea (OSA) syndrome is characterized
by repetitive episodes of complete or partial upper airway
obstruction that occur during sleep. The former results in
cessation of breathing (apnea); the latter results in hypo-
ventilation (hypopnea). Intermittent hypoxia and reoxyge-
nation due to repetitive apnea attacks are blamed for free
radical generation and oxidative stress. Several studies have
shown a direct [1-3] or an indirect OSA involvement [4, 5]
in the generation of reactive oxygen species. It has been
suggested that in OSA, intermittant hypoxia-related free
radicals and systemic inflammation might be associated
with the progression of several pathophysiological features
such as atherosclerosis, cardio- and cerebrovascular, as well
as neurodegenerative diseases [5, 6].

OSA is associated with metabolic abnormalities, includ-
ing insulin resistance [7-9] and dyslipidemia [10-12], as
well. Obesity is suspected in the development of OSA in
many cases. However, it is not yet entirely clear if it is
apnea or obesity which results in the metabolic abnormal-
ities, such as, insulin resistance and dislipidemia, seen in
some OSA cases [11, 13, 14]. Recent reports have indicated
a positive relationship between OSA syndrome and insulin
resistance, independent of obesity [7, 15, 16]. It is
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postulated that the cerebral activation and increased
sympathetic output related to sleep-disordered breathing
might provide a stress stimulus that triggers the production
of inflammatory cytokines such as TNF-x and develops
insulin resistance [7, 15].

Adiponectin is one of a number of adipocytokines
produced from adipocytes. Its antiinflammatory and
insulin-sensitizing properties are well described. Serum
adiponectin levels are decreased in obese patients as well as
in type 2 diabetics and OSA patients [17-19]. Although
insulin resistance and obesity are strongly associated, it is
demonstrated that insulin resistance in OSA is not only
caused by obesity but is also an independent feature of
OSA [20]. Some authors suggest decreased adiponectin
levels in OSA patients as an important determinant of
insulin sensitivity [21], while some investigators report an
association with reduced levels of adiponectin indepen-
dently of insulin resistance [19].

The role and association between adiponectin, oxidative
stress, and OSA draws attention to the complex interactions
taking part in obesity, insulin resistance, and sleep-
disordered breathing. Since studies about the prevalence
of OSA indicate that OSA affects 24% and 9% of middle-
aged men and women, respectively [22] and the prevelence
of OSA may be increasing because of recent obesity trends
[23], studies are needed to better define various metabolic
processes taking place in OSA disorders.

Relying on the proposed effect of OSA-related oxidative
stress on expression of inflammatory cytokines [24] and the
inhibitory effect of TNF-« on adiponectin synthesis and
secretion [25], we suggested a causal relationship between
OSA related oxidative stress and adiponectin levels and
resulting metabolic effects. We therefore aimed to investi-
gate the serum levels of oxidative stress indicators
[malondialdehyde (MDA), protein carbonyl content (PCC)
and paraoxonase (PON) activity], adiponectin, lipids,
fasting insulin, and glucose concentrations and to evaluate
the association between these parameters in OSA patients
and control subjects.

Methodology
Subjects

Fifty consequtive male subjects who were found to have OSA
(n=26) or classified as simple snorers (controls) (n=24)
during sleep studies at the sleep laboratory were included in
this study. Exclusion criteria were use of any medications,
personal or family history of psychiatric disorders, history of
alcohol and drug abuse, and any other significant medical
illnesses such as cancer, cardiovascular, cerebrovascular,
pulmonary, or neuromuscular disease. A questionnaire that
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inquired about the presence of any history of snoring,
witnessed apnea, excessive daytime sleepiness, and Epworth
sleepiness scale was completed for each patient in the
presence of the bed partner. Demographic information (age,
gender, smoking habits) and anthropometric measurements
[height, weight, body mass index (BMI; weight/height
squared)] were obtained on presentation to the sleep center.
All subjects gave informed consent, and the protocol was
approved by the Ethics Committee of the Uludag University
Hospital.

Sleep study

Full polysomnography was performed in all patients
(Compumedics P-series Sleep System; Compumedics
Sleep; Melbourne, Australia). All participants reported to
the sleep laboratory at approximately 8:30 p.m., and
polysomnography was initiated at approximately 10:30 p.
m. Polysomnographic recordings included two EEG chan-
nels (C3/A2 and O2/A1), two electrooculogram channels,
one submental electromyogram channel, and one ECG
channel. Ventilatory monitoring included recording of
oronasal airflow (with an oronasal thermistor), hemoglobin
oxygen saturation by pulse oximetry (oxygen saturation
measured via a finger oximeter), respiratory movement
(with an inductive plethysmography) including chest and
abdomen, and body position. Sleep staging was performed
according to the standard criteria of Rechtschaffen and
Kales. To assess ventilation during sleep, nasal airflow was
analyzed carefully. Apnea was defined as episodes lasting
at least 10 s with airflow cessation. Hypopnea was defined
as episodes lasting at least 10 s with reductions of
thermistor signal amplitude by at least 50% and associated
fall of at least 3% in oxygen saturation or an arousal. The
sum of time spent in apnea and hypopnea was divided by
the total sleep time to obtain by the apnea—hypopnea index
(AHI). Subjects with AHI >5 were considered to have
OSA. Subjects with AHI <5 were included in the control

group.
Blood sampling and biochemical assays

Single blood samples were drawn between §:00 and 9:00 a.
m. after the sleep study. Blood samples were centrifuged
within 30 min at 4°C at 3,000 g for 10 min to obtain serum
samples. Total cholesterol, triglycerides, high-density lipo-
protein (HDL)-cholesterol, and glucose were measured
enzymatically on the same day, using kits obtained from
Abbott Laboratories (USA). Plasma low-density lipoprotein
(LDL)-cholesterol was determined from the values of total
cholesterol and HDL-cholesterol using the Friedwald's
formula. Sera that were appropriately separated were stored
at —80°C until they were analyzed for insulin, adiponectin,
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MDA levels, PCC, and PON activity measurements.
Fasting insulin was determined by electrochemilumines-
cense on Elecys 2000, using kits from Roche Diagnostics
(USA). Adiponectin was measured by radioimmunoassay
using LINCO Research Human Adiponectin RIA Kkits.
Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated as insulin (mU/l) x (glucose
[mg/dl] x0.055)/22.5 [26] to estimate insulin resistance.
Serum MDA levels, measured by using HPLC as described
by Young et al. [27], and serum PCCs, measured by the
spectrophotometric method described by Reznick et al.
[28], were used to evaluate oxidative stress. PON activity
was determined according to the spectrophotometric meth-
od by Eckerson et al. [29].

Statistical analysis

Statistical analysis was performed using statistical software
(SPSS for Windows, version 13.0; SPSS; Chicago, IL).
After assessing for approximate normal distribution, all
continuous variables were summarized in terms of means
(standard error). The difference between the groups was
compared using one-way analysis of variance and post hoc
LSD tests or Kruskal-Wallis and Mann—Whitney U tests,
where appropriate. Pearson correlation analysis was per-
formed to test the relationship between the parameters.
Confounding effect of smoking on various parameters was
tested by using general linear models. p value of <0.05 was
considered statistically significant.

Results

In this study, we compared 26 OSA patients (AHI >5, range
5.2-80.0) with 24 non-apneic controls (AHI <5, range 0.2—
4.5). OSA patients are further divided into two groups as
mild OSA (AHI =5-15, range 5.2-12.9) (n=9) and
moderate-severe OSA (AHI >15, range 24.4-80.0) (n=17)
patients. According to the classic OSA classification, only
two of the participants were classified as moderate OSA
patients (AHI =24.4 and 25.1) in the study. Therefore, these

subjects were evaluated with the severe OSA patients, and
accordingly, the group was named as moderate-severe OSA
patients. The demographics of the 50 patients are presented
in Table 1.

The ages, body mass indices, waist circumferences, hip
circumferences, waist/hip ratios, smoking, and drinking
habits of the subjects were not different between the three
groups.

The lipid profile, fasting glucose, insulin, adiponectin
concentrations, MDA levels, PCCs, and PON activities of
the three groups are compared in Table 2. There was no
significant difference in serum lipids, glucose, and insulin
concentrations between the three groups. HOMA-IR, the
expression of insulin resistance, was not statistically
different between the three groups either. Serum adiponec-
tin concentration of OSA patients in both mild and
moderate-severe OSA groups was significantly lower
compared to those of controls (p<0.05). While serum
MDA and PCC were not different between the mild OSA
group and control subjects, these oxidative stress indicators
were significantly higher in moderate-severe OSA patients
compared to the controls (p<0.05). Serum PON activity did
not show any significant difference between the OSA
patients and controls.

The Pearson’s correlation coefficient of AHI with serum
MDA was found to be 0.51 (p<0.001), with PCC 0.39 (p<
0.01), and with adiponectin —0.34 (p<0.05). The associa-
tion between MDA, PCC, adiponectin, and AHI is shown
in Fig. 1.

Although adiponectin concentrations showed significant
negative correlation with MDA concentrations (r = —0.32,
p<0.05), significant correlations were not observed be-
tween adiponectin and PCC or PON activity. Correlations
between the parameteres of oxidative stress, anthropomet-
ric, and blood data are presented in Table 3.

Discussion

Research over the past several years indicate that OSA is an
oxidative stress disorder. Although a few studies have

Table 1 Profile of study

subjects Variable Controls ( n=24) Mild OSA (n=9) Moderate-severe OSA (n=17)
AHI 2.05+0.27 8.0+0.87 54.4+16.2
Age (years) 47+8 48+9 50+9
BMI (kg/m? 28.4+0.5 27.6+0.6 29.3+1.0
WC (cm) 99.5+1.5 99.8+2.2 104.8+3.0
Data are presented as means = HC (cm) 104.8+1.3 104.7+2.6 108.2+2.4
SE, or as number (percentage) WHR 0.95+0.01 0.95+0.01 0.96+0.12
WC waist circumference, HC Habitual smoking(%) 30 375 56
hip circumference, WHR waist/ Habitual drinking (%) 35 14 41

hip ratio
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Table 2 Biochemical character-
istics of the subjects

Data are presented as means +
SE

*p<0.05, significantly different

Variable

Controls (n=24)

Mild OSA (n=9)

Moderate-severe OSA (n=17)

Triglycerides (mg/dl)
HDL-cholesterol (mg/dl)
VLDL-cholesterol (mg/dl)
LDL-cholesterol (mg/dl)
Total cholesterol (mg/dl)
Fasting serum glucose(mg/dL)
Fasting serum insulin (U/mL)
HOMA-IR
Adiponectin(pg/mL)

MDA (nmol/mL)

PCC (umol/g protein)

PON (U/L)

183+19 137+19 174427
44+1 4644 4343
37+4 2744 3545
128+6 126+10 115+10
208+9 197+14 192+11
9442 9244 93+2
7.00+0.95 5.04+0.81 7.63£1.15
1.63+0.24 1.12+0.25 1.84+0.31
14.87+1,26 7.35+0,93" 8.04+1,59"
0.92+0.05 1.03£0.09 1.18+0.07"
0.99+£0.06 1.03+0.03 1.11+0.07"
234417 239+34 245417
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Fig. 1 Correlation of serum MDA (p<0.01), PCC (p<0.01), and
adiponectin (»p<0.05) with AHI
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reported negative results, most have shown oxidative stress
to be associated with OSA [30-32]. Studies demonstrating
that oxidative stress ameliorates after successful treatment
with nasal continuous positive airway pressure made it
evident that augmented formation of reactive oxygen
species and the resultant oxidative stress are prominent
features of OSA [5, 33, 34]. Increased oxidative stess in
OSA patients has been studied by evaluating various
parameters such as oxidative damage markers or antioxi-
dant defence mechanisms in serum [5, 35]. To our
knowledge, oxidative damage to serum proteins in OSA
patients is investigated in only one study so far [36]. In
their study, Sonka et al. have studied advanced oxidation
protein products, which they found elevated in OSA
patients; however, the difference from the controls was
not statistically significant. The current study is the first
attempt to assess both lipid and protein oxidation markers
in the same cohort. In this study, we demonstrate, for the
first time, that OSA causes oxidative damage to serum
proteins. Our data reveal that patients with moderate-severe
OSA (characterized by elevated AHI) have evidence for
greater oxidative stress (both serum lipid peroxidation and
serum protein oxidation) than healthy controls. The
increases in oxidative stress markers being significant in
merely the moderate-severe OSA patients suggest an
association between the oxidant damage and the severity
of OSA. The significant positive correlations of AHI with
serum MDA and serum PCCs supports this premise.
Smoking is well known to cause oxidative stress and
related effects [37]. Since the percentage of smokers were
higher in OSA patients than in controls, we tested if
smoking was a confounding factor in this study population
by using general linear models and found that smoking was
not a confounder in MDA, PCC, PON, and adiponectin
results.

According to our results, PON activity is not affected by
the consequences of OSA . Lavie [38] studied PON activity
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in controls and OSA patients with and without cardiovas-
cular disease (CVD). They found that PON activity was
different only between controls and OSA patients with
CVD. In other words, participants (either control or OSA)
without CVD had comparable PON activities. They stated
that a cardiovascular condition was significantly associated
with down-regulation of PON activity. The controls and
OSA patients in the present study had no history of CVD.
Therefore, the unchanged PON activity is in accordance
with the results Lavie et al. observed in their controls and
OSA patients without CVD. This finding supports the
thought that PON activity alterations are related to the
precence of CVD in OSA patients.

Adiponectin, an adipocyte-derived hormone, has been
found to have potential antidiabetic, anti-atherosclerotic,
and anti-inflammatory properties [39]. Although its associ-
ation with obesity and CVDs is well documented, its role in
OSA remains controversial. Also, the interaction between
adiponectin and oxidative stress is not entirely clear yet. It
is suggested that the sequence of events in OSA—breathing
cessation, nocturnal hypoxia, continuous brief arousals, and
sleep fragmentation—activates oxidative stress [40] and
elevates sympathetic activity, promoting the expression of
inflammatory cytokines like TNF-o« and IL-I [24] .
Increased TNF-« has an inhibitory effect on adiponectin
synthesis and secretion, causing decreases in the serum
levels of this cytokine [25, 41]. In the current study, we
tried to study an association between oxidative stress and
adiponectin in OSA patients and found that adiponectin
levels were significantly lower in both mild and moderate-
severe OSA groups compared to those of healthy controls.
Also, we found a significant negative correlation between
adiponectin and MDA concentrations (» = —0.32; p<0.05),
supporting the proposed relationship between OSA, oxida-
tive stress, and adiponectin levels. However, similar
associations were not detected between adiponectin and
the two other oxidative stress markers, PON and PCC, we
tested in this study. Since PON activity was not altered in
OSA patients of this study, any statistical association was
not expected between PON activity and adiponectin
concentrations. PCC, on the other hand, was significantly
elevated in moderate-severe OSA patients and its concen-
tration was significantly correlated to AHI. The failure to
demonstrate a significant association between adiponectin
and PCC may be because of the relatively small sample
size. Therefore, to investigate the relationship of this
oxidative stress marker with adiponectin in larger OSA
groups in future studies would provide further data for beter
discussion.

Low adiponectin concentrations are associated with
insulin resistance and obesity [20]. However, in the present
study, estimation of insulin resistance using HOMA-IR
method in OSA patients was not significantly different from
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the controls despite the significant decrements in adipo-
nectin concentrations. Makino et al. found significantly
higher fasting glucose and fasting insulin levels in their
severe OSA patients and accordingly calculated significant-
ly greater insulin resistance for this group [21]. In their
study, which was carried out on a wide population of OSA
patients, the subjects had various systemic and metabolic
diseases and the prevelance of the clinical conditions as
well as BMI tended to be greater in conjunction with the
severity of OSA. On the other hand, they reported
significant negative association between adiponectin and
insulin resistance, although plasma adiponectin levels were
not different between the OSA groups and were not
correlated to AHI. An important strength of the present
study is that only normotensive and otherwise healthy male
patients were included. Therefore, the subjects of the
present study had no known metabolic or chronic diseases,
and fasting serum glucose as well as insulin concentrations
of OSA patients were not different from those of controls.
This may explain the unaltered insulin resistance in OSA
patients. The relationship between insulin resistance and
other metabolic variates is one of complex interactive
regulation. The missing association between adiponectin
levels and insulin resistance in the present study may be
because the adiponectin concentrations were decreased due
to the consequences of OSA related oxidative stress, while
insulin resistance was not still affected.

Dyslipidemia is also a prevalent finding among patients
with sleep apnea. Increased total serum cholesterol and
triglycerides levels and decreased HDLs independent of age
and body mass index [10, 11]. The lipid profile was not
changed in OSA patients compared to controls in the
present study. This inconsistance with the previous reports
is probably because the patient profiles of the before-
mentioned investigations included CVD patients, whereas
the subjects in our study were otherwise healthy OSA
patients.

In summary, the findings of our study emphasize the
impact of sleep-disordered breathing on oxidative damage
and provides evidence for the literature that serum proteins
are oxidatively damaged in OSA. Markers of oxidative
stress being elevated and adiponectin levels being reduced
in OSA patients, despite the unchanged lipid profiles and
insulin resistance between OSA patients and controls, raise
the question if the changes in oxidative stress markers and
adiponectin levels could represent early signs for the
subsequent development of metabolic disorders. We sug-
gest that otherwise healthy OSA patients are exposed to
oxidative stress and develop lower adiponectin levels which
may later cause cardiometabolic consequences, affecting
markers such as visceral adiposity, insulin resistance, and
lipid profile. This needs to be investigated in future studies
by periodically following the changes in oxidative stress
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markers, adiponectin, visceral adiposity, lipid profiles and
insulin resistance in otherwise healthy OSA patients for a
better discussion on this context.

This study has a number of limitations; the study

population and the number of parameters tested were
restricted because of financial limitations. Therefore, small
sample sizes had to be used in statistical analyses. Also, to
determine inflammatory cytokine levels and/or parameters
of sympathetic activity, evidence should be provided to
better discuss their pathophysiological importance in OSA.
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