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Summary

Obstructive sleep apnea (OSA) is a condition contributing to oxidative stress. The aim of this study
was to ascertain if there is any connection between OSA and novel oxidative stress-related markers.
Matrix metalloproteinases 2 and 9 (MMP-2, MMP-9), high sensitive C-reactive protein (hsCRP), preg-
nancy-associated plasma protein-A (PAPP-A), soluble receptors for advanced glycation end-products
(SRAGE), zinc (Zn) and copper (Cu) were measured. Further biochemical markers were evaluated.

Fifty-one men suspected for OSA indicated for night polygraphy were included. Apnea/hypop-
nea index (AHI), oxygen desaturation index (ODI), mean blood hemoglobin oxygen saturation
(SpO2) and time of blood hemoglobin oxygen saturation below 90% (SpO2 <90%) were mea-
sured. Morning venous blood samples were taken.

For body mass index (BMI) we found strong positive correlation with levels of Cu, MMP-9, hsCRP
and fibrinogen, and negative correlation with SRAGE. Concerning ventilation parameters, we found
positive correlation of ODI and SpO2 <90% with markers MMP-9 and hsCRP. sSRAGE level correlat
ed with AHI and ODI negatively. SpO2 correlated negatively with Cu, MMP-9, hsCRP and fibrino-
gen. There was no correlation between ventilation parameters and markers MMP-2, PAPP-A and
Zn. Compared to severity of OSA, there was significant difference in levels of hsCRP and Cu be-
tween patients with AHI <5 and AHI >30 independent of BMI.

MMP-9, hsCRP, sSRAGE and Cu seem to be strong predictors of oxidative stress in OSA patients.
The strong correlation between oxidative stress-related markers and OSA is elucidated by connec-
tion of these to BMI, which is probably a primary condition of oxidative stress, but OSA is an ad-
ditive condition.

obstructive sleep apnea ¢ oxidative stress * MMP-9 ¢ sSRAGE * hsCRP * Cu

OSA - obstructive sleep apnea; MMP-2,9 - matrix metalloproteinases 2,9; hsCRP - high sensitive
C-reactive protein; PAPP-A - pregnancy-associated plasma protein-A; sRAGE - soluble receptors
for advanced glycation end-products; AHI - apnea/hypopnea index; ODI - oxygen desaturation
index; Sp02 - mean blood hemoglobin oxygen saturation; Sp02 <90% - time of blood hemoglobin
oxygen saturation below 90%; BMI - body mass index
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BACKGROUND

Obstructive sleep apnea (OSA) has been classified as a sleep
breathing disorder. OSA is thought to be an important risk
factor for cardiovascular disease. Associations have been re-
ported between sleep apnea and systemic hypertension, pul-
monary hypertension, ischemic heart disease and stroke.

OSA is characterized by recurrent obstructions of the up-
per airway during sleep, which are followed by lowering of
blood hemoglobin oxygen saturation. This repeated hypox-
ia and reoxygenation cycle is similar to hypoxia-reperfu-
sion injury, which initiates oxidative stress. Oxidative stress
is characterized by an imbalance between oxidant-produc-
ing systems and anti-oxidant defence mechanisms, which
results in excessive formation of reactive oxygen species
(ROS). ROS can damage various biomolecules and cellular
components, but they also act as important signalling mol-
ecules which play roles in induction and activation of mul-
tiple genes [1]. ROS can oxidize lipids, proteins, carbohy-
drates and DNA, and thus can alter their functions. Several
studies have suggested that OSA is associated with increased
levels of oxidative stress markers [2-5] or decreased anti-
oxidant defence [6]. Mainly the phase of reoxygenation is
thought to be the period during which increased produc-
tion of ROS occurs.

It has been established that treating OSA patients by con-
tinuous positive airway pressure (CPAP) decreases levels of
oxidative stress-related markers [7].

Previous studies found correlation of levels of some mol-
ecules (which are possible markers related to oxidative
stress) and various diseases including chronic renal fail-
ure and hemodialysis patients, diabetes mellitus, diabetic
kidney disease, arterial hypertension, myocardial ischemic
syndromes and atherosclerosis [8-19]. This study was con-
ducted to determine whether these molecules are also al-
tered in OSA patients.

We measured levels of soluble receptor for advanced gly-
cation end-products (SRAGE), pregnancy-associated plas-
ma protein-A (PAPP-A), matrix metalloproteinases 2 and
9 (MMP-2 and MMP-9) and high sensitive C-reactive pro-
tein (hsCRP).

hsCRP is an acute phase protein and serves as a marker of
inflammation. High CRP levels are linked to risk of ath-
erosclerosis and it appears to be a marker for cardiovascu-
lar risk [20]. Oxidative stress is associated with higher CRP
levels [21]. Previous works showed an association between
CRP and OSA [22].

PAPP-A (or pappalysin 1) is a metzincin superfamily me-
talloproteinase. PAPP-A has been used in prenatal genetic
screening. It was also used as an oxidative stress marker [11]
and a marker of risk of atherosclerosis [12,13].

RAGE is a multiligand transmembrane receptor. Deleterious
effects mediated by AGEs are prevented in part by this re-
ceptor lacking the transmembrane domain- soluble RAGE
(sSRAGE), which occurs in vivo. Higher sSRAGE was found in
patients with diminished renal function [14]. Low sSRAGE
level was described in patients with arterial hypertension

[15] and diabetes mellitus complications [17]. Association
between AGEs and OSA was also previously published [23].

MMP-2 (or gelatinase A) and MMP-9 (or gelatinase B)
are Zn*" and Cu* dependent endopeptidases. MMP-2 and
MMP-9 are involved in degradation of collagen type IV,
elastin and fibronectin. ROS have been shown to regulate
the levels of MMPs in various cellular and in vivo systems
[24]. MMPs, among others, play a role in many patholog-
ical processes in cancerogenesis and cardiovascular dis-
eases [25]. Increase in MMPs activity was shown to be as-
sociated with the progression of atherosclerotic plaques
to their rupture [26] and recently published elevation of
MMP-9 in OSA [27].

Copper (Cu) and zinc (Zn) are necessary trace element for
the body. Copper is a part of an antioxidant enzymes, as
are superoxide dismutase (SOD), ceruloplasmin, and cyto-
chrome c oxidase [28,29]. Copper, together with zinc, plays
an important role in antioxidant defense mainly as a part of
Cu/Zn SOD. Zn is necessary for correct function of MMPs
and PAPP-A. It was shown that Cu-deficient rats had high-
er level of isoprostanes as marker of oxidative stress com-
pared to Cu normal rats [30]. However, it was also found
that high levels of Cu and other metal elements impair ox-
idative stress [31]. Low zinc levels are also thought to be
associated with increased oxidative stress and reduced an-
tioxidant defense [32,33].

MATERIAL AND METHODS

Study protocol

Adult men with suspicion of OSA indicated for nocturnal
polygraphy in the sleep laboratory were enrolled in the
study. A total of 51 men were examined. All subjects signed
an informed consent, and the procedures were approved
by the local ethics committee. Enrollment was preceded by
examination with special respect to the subject’s medical
history. Excluded from the study were patients with the fol-
lowing diseases: stroke or cerebral injury less than 6 month
before the study, major cardiological diseases including car-
diac insufficiency and manifest coronary artery disease, pul-
monary hypertension, and patients with diabetes mellitus
treated with insulin.

Sleep study

During the night (from 11 p.m. through 6 a.m.) patients
were examined using the method of nocturnal polygraphy
(monitored parameters were: nasal airflow, thoracoabdomi-
nal wall motion, heart rate, blood hemoglobin oxygen satu-
ration, respiratory noises and body position). The nocturnal
polygraphy was scored visually according to recommenda-
tions of the American Academy of Sleep Medicine (AASM)
2007 using 3% blood hemoglobin oxygen saturation decrease
as the level of significance. The following parameters were
scored: the apnea/hypopnea index (AHI — mean number
of apneas and hypopneas per hour of subjective sleep du-
ration), the oxygen desaturation index (ODI - mean num-
ber of oxygen hemoglobin saturation drops of 3% or more
per hour of subjective sleep duration), mean blood hemo-
globin oxygen saturation (SpO2) and duration of oxygen
blood saturation dip below 90% (Sp0O2<90%).
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Table 1. Biochemical characteristic of the group.

Leukocytes x10°/1 7.1£2.0 Potassium mmol/| 43404
Erytrocytes x10'%/I 4.8+0.4 Chlorides mmol/| 103.7£3.1
Hemoglobin g/l 151.2£12.2 Bilirubin umol/I 13.7£5.6
Hematocrite 0,4+0 ALT ukat/I 0.6+0.3
Trombocytes x10%/ 243.8+47.2 AST ukat/I 0.5+0.1
Cholesterol mmol/I 4.9+0.9 GGT ukat/I 0.7£05
Triglycerides mmol/I 2£13 ALP ukat/| 1£0.3
HDL cholesterol mmol/I 0.2 ApoA1 g/l 0.2
LDL cholesterol mmol/I 2.8+0.7 ApoB g/I 140.2
Athero Index 3.7£1.2 Alfa LP% 255475
Urea mmol/I 54+13 LP (a)% 1.943.0
Creatinine umol/| 81.2+10.8 Prebeta Lp% 28+10.4
Uric acid umol/I 378.9+70.3 Beta Lp% 442463
Total protein g/l 69.6+4.5 Chylomicrons% 40+6.3
Albumin g/I 429+2.4 TSH ulu/1 1.6£1.0
Natrium mmol/I 142.2+2.2 Blood glucose mmol/I 4.9x0.7

Athero index — Atherogenic index; ALT — Alanine Aminotransferase; AST — Aspartate Aminotransferase; GGT — Gamma Glutamyl Transferase;
ALP — Alkaline Phosphatase; ApoAT — Apolipoprotein A-1; ApoB — Apolipoprotein B; alfa LP — alfa Lipoprotein in%; LP (a) — Lipoprotein in%;
Prebeta Lp% — Prebetalipoprotien in%; Beta Lp — Betalipoprotein in%; TSH — Thyroid Stimulating Hormone.

Biochemical examination

In the morning after polygraphy, fasting venous blood sam-
ples were taken. Selected markers were measured: hsCRP,
PAPP-A, MMP-2, MMP-9, sRAGE, Cu, Zn. Blood samples
were centrifuged for 10 minutes at 1450 g and then serum
was frozen and stored until analysis. Cu concentration in
the diluted (1+9) serum samples were determined by induc-
tively-coupled plasma mass spectrometry on a PE Elan 6000
instrument (Perkin Elmer, Norwalk, CT, USA). Calibration
solutions were spiked by the important serum matrix com-
pounds (NaCl, KCl, NaNO,, KBr). PAPP-A and hs-CRP were
measured by TRACE (Time Resolved Amplified Cryptate
Emission) on the KRYPTOR analyser using standard Kits
(Brahms, Henningsdorf, Germany). sRAGE, MMP-2, MMP-9
(all kits RD Systems, USA) were assessed with standard ELISA
(enzyme-linked immunosorbent assay). We further used stan-
dard laboratory methods to measure blood count, minerals,
renal function, liver enzymes, lipids, glycemia. Mean levels
(= SD) of these parameters are shown in Table 1.

Statistical analyses

Correlation analyses were performed with the parametric
Pearson test. The group comparisons were performed with
one-way parametric ANOVA, and the correction for BMI was
performed using analysis of covariance (ANCOVA). Multiple
regression was used to obtain and compare the effects of
individual predictors of oxidative stress-related markers
levels. All these test were performed using Statistica 8 soft-
ware (StatSoft, Inc. STATISTICA for Windows Tulsa, OK,
hitp://wuww.statsoft.com) . Results are presented as mean +SD.

Group characteristics

We examined 51 patients. Mean age was 51.1 years (SD
+11.1), mean BMI was 30.8 (SD +5.3), mean AHI was 31.2
(SD £22.9), mean ODI was 32.2 (SD £26), mean SpO2 was
92.8% (SD +4), and mean SpO2 <90% was 15.1% (SD +25)
of the night. The characteristic of each group concerning
comorbidity is shown in Table 2. Concerning comorbidi-
ties, we present the number of patients with selected dis-
eases in the whole group: 26 patients arterial hypertension,
2 hyperuricemia, 14 hyperlipidemia, 3 atrial fibrillation, 2
diabetes mellitus (excluded patients with insulin therapy),
4 chronic obstructive pulmonary disease, 4 ischemic cardi-
ac disease and 1 myocardial infarction, 1 stroke. Fifteen pa-
tient were smokers.

RESULTS

Body mass index (BMI) and ventilation parameters were
correlated to chosen oxidative stress-related markers for
the whole group of patients independent of OSA intensity.

We found strong correlations between BMI and levels
of MMP-9 (P<0.001), Cu (P=0.035) (Figure 1) and hsCR
(P<0.001) (Figure 2). BMI was also positively correlated
with fibrinogen (P=0.019) and negatively correlated with
sRAGE (P=0.006) (Table 2).

Concerning ventilation parameters, we found significant
positive correlations for hsCRP and ODI (R=0.450, P=0.001)
(Figure 1), AHI (R=0.479, P=0.001) and SpO2<90 (R=0.480,
P=0.001).
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Table 2. Significant correlations.

BMI AHI 0DI Mean Sp02 Sp02 <90%
Cung/ml 0.3058 0.3333 -0.3203
p=.035 p=.021 p=.026
SRAGE pg/ml -0.3941 -0.2922 -0.3198
p=.006 p=.044 p=.027
MMP-9 ng/ml 0.5363 0.3771 -0.49 0.4692
p=.000 p=.008 p=.000 p=.001
hsCRP ug/ml 0.5328 0.4793 0.4497 —0.43% 0.4476
p=.000 p=.001 p=.001 p=.002 p=.001

BMI — Body Mass Index; AHI — Apnea/Hypopnea Index; ODI — Oxygen Desaturation Index; Mean Sp02 — mean night 02 saturation; Sp02 <90%
— time of saturation below 90%; Cu — Copper; MMP-9 — Matrix-Metalloproteinase 9; hsCRP — high sensitive C-reactive Protein; sSRAGE — soluble

Receptors for Advanced Glycation End-products.

hsCRP level related to ODI
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Figure 1. hsCRP level related to ODI. ODI — Oxygen Desaturation
Index, hs CRP — high sensitive C-reactive Protein.

MMP-9 also correlated positively with ODI (R=0.380,
P=0.008) and SpO2<90 (R=0.469, P=0.001). Positive corre-
lation for Cu was found only with ODI (R=0,330, P=0.020)
(Figure 2).

Significant negative correlations were found for SpO2
and markers Cu (R=-0.320, P=0.026), MMP-9 (R=-0.490,
P<0.001), hsCRP (R=-0,440, P=0.002) and fibrinogen
(R=-0.420, P=0.020). sRAGE correlated negatively with
AHI (R=-0.290, P=0.044) and ODI (R=-0.320, P=0.027).
There were no correlations between OSA parameters and
markers MMP-2 and PAPP-A. There were no correlations
between oxidative stress markers and lipid spectrum pa-
rameters and other biochemical parameters. BMI corre-
lated significantly with all the parameters of ventilation.
Multiple regression showed that strong correlation between
oxidative stress-related parameters and OSA is explained
by connection of these parameters to BMI (R=0.322, beta
0.397, P=0.011).

Further patients’ results were divided into 4 groups accord-
ing to OSA severity, because we wanted to ascertain if mark-
ers’ levels are dependent on ventilation parameters. Group
1 was patients with AHI <5 (considered as controls without
OSA), group 2 was AHI between 5 and 15, group 3 was AHI
between 15 and 30, and group 4 was AHI >30. Values of ox-
idative stress-related markers according to OSA severity are

MMP-9 and Cu levels related to ODI
+ MMP-9 = Cu

1800.0
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Figure 2. MMP-9 and Cu levels related to ODI. ODI — Oxygen
Desaturation Index, MMP-9 — Matrix-Metalloproteinase-9,
Cu - Copper.

shown in Table 3. By ANOVA test we found significant dif-
ference in serum level of Cu and hsCRP between groups
1 and 4 (Figure 3 and Figure 4). Post-hoc Tukey HSD test-
ing verified the difference in level of Cu between group 1
(803.2 ng/ml £113.4) and group 4 (1045.8 ng/ml +170.1),
p=0.023. There was also significant difference between se-
rum levels of hsCRP between groups 1 and 4 (0.9 pg/ml +0.8
vs. 4.8 pg/ml £3.6), p=0.039. These 2 differences are signif-
icant even after correction for BMI (ANCOVA).

DiscussIioN

Oxidative stress is a condition resulting from an imbalance
between the prooxidative state and the antioxidant defence.
Oxidative stress results in production of reactive oxygen spe-
cies (ROS). ROS affect other biomolecules and change their
characters. It is difficult to measure levels of ROS, mainly
because of their extreme instability and biochemical reac-
tivity, so it is easier to measure oxidative stress indirectly by
ROS effects on other molecules (changes in structure, func-
tion and quantity of these molecules). General standardiza-
tion tests for quantification of oxidative stress are lacking.
This study was designed to assess the impact of OSA on nov-
el parameters related to oxidative stress.
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Table 3. Oxidative stress related markers levels according to OSA intensity.

Cu (ng/ml) In(ng/ml)  MMP-2 (ng/ml) MMP-9 (ng/ml) hsCRP (ug/ml) PAPP-A(mU/I) sRAGE (pg/ml)

Al 995.2+187.6  1117.8+262.8  168.8+37 743.5+360.3 35433 8.143.1 1247.94503.5
AHI <5 803.2+113.4 935441214  165.4+20.2 722.1+388.4 0.9+0.8 8.6+2.5 1522.24586.2
AHI'5-15 1001.9+139.3  1233.2+340.1 183.9+60.6 711.7+£253.5 26123 7.2+3 1290+468.1
AHI15-30 987.9+238.2  1069.4+110.5 146.6+17.8 544.4+330.2 3.1+£3.2 8.5+2.1 1263.4+567.1
AHI >30 1045.8+170.1  1138.4+284 173.7£30.7 858+380.6 4.8+3.6 8.3+3.8 1150.5+468.4

All - All patients independently to AHI; AHI — Apnea/Hypopnea Index; Cu — Copper; Zn — Zinc; MMP-2 — Matrix-Metalloproteinase 2;
MMP-9 — Matrix-Metalloproteinase 9; hsCRP — high sensitive C-reactive Protein; PAPP-A — Pregnancy Associated Plasma Protein-A; SRAGE — soluble

Receptors for Advanced Glycation End-products.

Cu levels according to 0SA severity
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Figure 3. Cu levels according to 0SA severity. 0SA — Obstructive Sleep
Apnea, Cu — Copper, AHI — Apnea Hypopnea Index.

In our study we again statistically confirmed that higher
BMI leads to higher OSA intensity. Higher BMI is associat-
ed with increased oxidative stress, independently of other
parameters such as OSA [34].

We found strong positive correlation for hsCRP, MMP-9 and
ODI and SpO2 <90%. AHI correlated positively only with
hsCRP. Together with another study [2] we suggest that ODI
is a stronger predictor of oxidative stress level than is AHI.
Markers hsCRP, MMP-9, Cu and fibrinogen correlated well
with BMI. The strongest correlation was demonstrated for
MMP-9, hsCRP and Cu and parameters of OSA (especially
ODI and SpO2). MMP-9, hsCRP and Cu levels are higher
in severe OSA patients (according to ODI) and this corre-
lation is further explained by association of ventilation pa-
rameters to BMI. These markers could be used as general
biochemical molecules associated with oxidative stress in
obese patients. Obesity seems to be primary risk factor of
the increased oxidative stress state.

According to our results, the strongest biochemical markers
of oxidative stress in OSA patients are Cu and hsCRP, inde-
pendently of BMI as verified by analysis of OSA subgroups
and using BMI as a covariate.

C-reactive protein (CRP) is an inflammatory marker; it
is thought to be an acute phase reactant. Studies suggest
that oxidative stress may have pro-inflammatory effects,
but data on the relationship between oxidative stress and
CRP in healthy persons is sparse. Higher levels of CRP and

Figure 4. hsCRP levels according to 0SA severity. 0SA — Obstructive
Sleep Apnea, hs CRP — high sensitive C-reactive Protein, AHI
— Apnea Hypopnea Index.

fibrinogen were found in OSA patients [21,35]. hsCRP was
proved to be an oxidative stress marker [20,36]. Another
study confirmed a positive correlation between CRP and
AHI and a negative correlation between CRP and mean noc-
turnal saturation [37]. Difference in serum level of hsCRP
and Cu in patients without OSA (AHI <5) and patients with
severe OSA (AHI >30) remains significant even after cor-
rection for BMI. Therefore these 2 markers could be used
as parameters of oxidative stress in OSA, independently of
BMI. Increased Cu level in severe OSA patients and obese
patients seems to be a strongly associated factor, but its sig-
nificance is not well explained. Cu and Zn are trace ele-
ments important for functioning of the antioxidase system,
especially as part of SOD.

MMPs have a primary function in degradation of the ex-
tracellular matrix proteins, and play a role in normal tis-
sue remodeling. They also perform essential functions at
the cell surface involved in signaling, cell survival, and cell
death. MMP-9 is prepacked in neutrophils and released un-
der neuroinflammatory conditions [38]. MMP-9 level is as-
sociated with oxidative stress in patients with acute coronary
syndrome [39]. MMP-9 was found higher not only in the
brain after reperfusion injury but also after liver hypoxia
[38,40]. In our study MMP-9 level was associated with severity
of OSA according to ODI and mean SpO2 and SpO2 <90%.

RAGE is a transmembrane receptor of the immunoglob-
ulin superfamily. The interaction between RAGE and its

CR495



Clinical Research

Med Sci Monit, 2011; 17(9): CR491-497

ligands can cause activation of pro-inflammatory genes by
activation of nuclear factor NF-kB. Isoforms of the RAGE
protein, which lack the transmembrane and the signal-
ing domain, are commonly referred to as soluble RAGE
(sSRAGE), a naturally occurring inhibitor of AGE-RAGE ac-
tion. There was shown to be a higher level of AGEs in OSA
patients, dependently on OSA severity [23]. We found that
SsRAGE level is associated with AHI, ODI and also negative-
ly associated with BMI. Thus we can propose the hypothe-
sis that SRAGE protects against oxidative stress and its lev-
el in OSA and obese patients is decreased.

OSA is an independent risk factor in obesity for increased
oxidative stress state as shown by diminishing of some ox-
idative stress-related markers after CPAP therapy [3,7,41].

It is apparent that our group of patients is not homoge-
nous as concerned the comorbidities. Oxidative stress is
thought to be associated with many factors including obesi-
ty, smoking, age, hypertension, diabetes, and dyslipidemia.
Therefore assessment of the relationship between OSA and
oxidative stress intensity may be influenced by such con-
founding variables.

CONCLUSIONS

OSA, unlike obesity, is a treatable risk factor of systemic in-
flammation and oxidative stress. Our study provides evidence
of increased oxidative stress in OSA patients, predominant-
ly in obese ones. In patients with severe OSA (AHI over 30),
this effect is additive to the influence of obesity.
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