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Abstract
Objective To evaluate the effect of continuous positive
airway pressure (CPAP) therapy on pro-brain natriuretic
peptide (BNP) and cardiac markers in patients with
obstructive sleep apnea syndrome and normal cardiac
function.
Methods Thirty-three consecutive patients with sleep apnea
syndrome were analysed for serum pro-BNP and cardiac
markers prior to and after 6 months of CPAP therapy.
Results Twenty five patients had normal (83.3%) while
remaining five (16.7%) revealed high pro-BNP values. We
did not detect any significant difference between severity of
obstructive sleep apnea syndrome and serum pro-BNP
levels (p=0.534). A statistically significant difference was
not observed between basal and sixth-month creatine kinase
(CK), creatine kinase-MB (CK-MB), troponin I, pro-BNP,
aspartate transaminase (AST), and CK levels in patients
with sleep apnea syndrome (p>0.05).
Conclusion Obstructive sleep apnea syndrome does not
induce myocardial damage enough to increase serum pro-
BNP, CK, CK-MB, troponin I, and AST levels. Markers
sensitive to ischemia could be preferred to evaluate effect of
obstructive sleep apnea syndrome.
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Introduction

Activated sympathetic nerve system activity due to apnea
and hypoxia causes an increase in systemic blood pressure,
and endothelial dysfunction causes systemic inflammation
in obstructive sleep apnea syndrome (OSAS). Therefore,
cardiovascular diseases such as congestive heart failure,
hypertension, arytmia, and coronary artery diseases are
common in these patients [1]. Continuous positive airway
pressure (CPAP) is the mainstay of therapy which elimi-
nates obstructive events and hence, prevents daytime
somnolence and cardiovascular complications [2]. Brain
natriuretic peptide (BNP) is a cardiac neurohormone which
is secreted by myosites after myocardial hypoxemia and
ventricular volume expansion [3]. Studies have revealed
that secretion of N-terminal (NT)-pro-BNP is increased in
cardiac problems such as heart failure, coronary artery
disease, and cardiac hypertrophy and related with poor
prognosis [1, 4, 5]. Ventricular load during apneic period
results in ventricular strain and elevated level of BNP is
known as prognostic marker in obstructive sleep apneic
patients [5, 6]. Elevation in serum levels of cardiac
biomarkers are expected after ischemia or damage/necrosis
of myosites. While some cardiac biomarkers, such as
ischemia-modified albumin, are sensitive to ischemia,
elevation in the levels of creatine kinase (CK), CK-MB,
and troponin I can be detected after minor cardiac damage
occurs [7].

In this study, we evaluated the effect of CPAP therapy on
pro-BNP and cardiac markers that are sensitive to cardiac
damage in patients with OSAS and normal cardiac
function. We aimed to evaluate whether repeated apneas
and hypoxia influence the levels of cardiac biomarkers in
OSAS patients and if these effects could be reversed by
treatment.
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Methods

The study was conducted between August 2007 and June
2009. Thirty consecutive patients referred to Gaziantep
University Sleep Disorders Center were included in this
prospective study. The study was approved by the univer-
sity ethics committee, and informed consent was obtained
from each patient.

Inclusion criteria were as follows: being older than
18 years, accepting to give consent for the study, having an
apnea–hypopnea index (AHI)>5 in full-night polysomnog-
raphy, exclusion of cardiac failure via clinical and echocar-
diographic evaluation, having normal lung function tests,
and being suitable for CPAP therapy.

Exclusion criteria were as follows: having AHI>5 under
CPAP treatment in the sixth month of therapy, having lung
function test abnormalities, and having history of recent
facial trauma/operation.

Clinical data were obtained with initial visit. In addition
to physical examination, neck length, weight, and height
were measured. Body mass index was calculated as
kilogram per square meter. Posteroanterior chest scan,
electrocardiography, and lung function tests were obtained.
Ejection fraction >%55 was used to exclude cardiac failure
[8]. Complete blood count, routine biochemical analysis,
and thyroid hormone levels were studied.

Recommendations including avoiding of caffeinated
drinks or foods, alcohol consumption, and drugs which
could interfere with sleep architecture were made prior to
the sleep study. Recordings were obtained with Viass Sleep
Screen (Viasy Healtcare, Germany) device. Sleep scoring
was performed by one doctor according to the guidelines of
American Academy of Sleep Medicine as 30-s epochs.
Apnea was defined as cessation of the airflow for at least
10 s while airflow limitation of at least 50% accompanying
arousal and/or at least 3% desaturation was defined as
hypopnea [9]. Patients were classified as having mild,
moderate, and severe OSAS by AHI 5–15, 15–30, ≥30,
respectively. CPAP titration was conducted automatically
with full-night polysomnographic measurement. Detailed
explanations about CPAP use were achieved, and control
visits were conducted 1 and 3 months after CPAP initiation.
During control visits, data about CPAP use was obtained,
and problems, if any, were evaluated. Subjective reporting
of device usage at least 5 h or 70% of night without any
problem were accepted as good compliance. At the sixth-
month visit, control polysomnography including patients
own devices were conducted, and blood samples were
obtained from patients who had AHI<5 in this studies in
order to avoid device-based treatment failure. Blood
samples were collected using standard venipuncture tech-
nique between 9:30 a.m. to 11:00 a.m. after 12 h fast.
Serum samples were separated immediately after centrifu-

gation at 4°C, 2,000×g for 10 min and stored at −80°C until
analysis. After 6 months of CPAP treatment, samples were
obtained from patients who were compliant with the
therapy. CK and aspartate transaminase (AST) were
determined in Abbott Aeroset device (Abbott, USA) with
enzymatic (N-acetyl-L-cysteine) and NADH (without p-5′P)
procedure, respectively. CK-MB and troponin I were
studied in Abbott Axsym device (Abbott, USA) with
electrochemiluminescence method, and pro-BNP was stud-
ied in Minividas device (Biomerieux, France) with enzyme-
linked fluorescent assay method.

Statistics

Data were expressed as mean±standard deviation. Results
were presented with a 95% confidence interval, and p<0.05
was accepted as statistically significant. Paired samples
t test, Mann–Whitney U, and Fisher's exact test were used
for statistical evaluation. SPSS for Windows 13.0 was used
for statistical analysis (SPSS Inc., Chicago, IL, USA).

Results

Three patients who had AHI >5 after 6-month treatment
were excluded. The baseline demographic and clinical
characteristics of the study participants are presented in
Table 1. Twenty of thirty participants were male, and mean
age was 49.97±10.3. Initial pulmonary artery pressure
(PAB) was measurable in six of 30 patients by echocardi-
ography. Mean PAB prior to treatment was measured as
32.8±3.1 mm Hg (30–38) while it was detected as 31.5±
4.1 (25–38) after CPAP therapy (p=0.18). Forty percent of
patients had hypertension while 16.7% had diabetes
mellitus. Thirty percent of the study population had
moderate OSAS while 70% had severe OSAS. There was
no patient with mild OSAS. Mean CPAP pressure was 9.83±
1.46 cmH2O. Mean duration of CPAP treatment was 10.27±
5.07 months(6–24) . Mean AHI before and after CPAP
therapy were 55.9±26.1 and 3.38±2.84, respectively
(p=0.000). Twenty five patients had normal (83.3%) while
five patients (16.7%) had high pro-BNP values. Pro-BNP
levels were not inflenced by current smoking status (p=1).
Smoking status and pro-BNP levels were shown in Table 2.
All patients with high pro-BNP levels had severe OSAS.
Pro-BNP levels in respect to OSAS classification were
shown in Table 3. Mean basal oxygen saturation was (mean;
min–max) 90.97±3.43 (79–96), while mean minimum
oxygen saturation was 74.73±12.11 (40–89; p>0.05).
Cardiac biomarkers before and after CPAP therapy were
included in Table 4. We did not find statistically significant
difference between the levels of serum pro-BNP and cardiac
biomarkers in patients with OSAS (p>0.05).
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Discussion

It is well known that there is a linear relationship between
the severity of OSAS and cardiovascular morbidity and
mortality [9]. It is assumed that main factors influencing
cardiac damage in OSAS depend on sympathetic system
activation due to hypoxia and intrathoracic pressure
fluctuations and inhibition of inflammatory pathways
selectively due to intermittent reoxygenation perfusion
damage and therefore, increasing oxidative stress [10, 11].
Pathogenetic mechanism is inducing arrhythmia, left
ventricular systolic and diastolic dysfunctions, and conges-
tive heart failure as end organ damage. There is limited data
about predicting this OSAS-related cardiac damage before
manifestation of clinical and echocardiographic findings.
Maeder et al. claimed that high level of NT-pro-BNP is a
convenient marker in detecting the damage in cardiovascu-
lar system in OSAS patients independent of low peak
oxygen consumption [12]. Another study evaluating the
snoring children found that sleep apneic subjects had higher
serum BNP values compared to simple snorers [13]. A
study revealed that decreases in serum pro-BNP levels were
detected in congestive heart failure patients having OSAS
concomitantly after CPAP therapy [14]. Kita et al. found

that plasma BNP levels were increased in subjects with
OSAS during sleep and decreased by CPAP therapy but
levels had no correlation with the severity of OSAS and
polysomnographic parameters [15]. Hubnera et al. also did
not detect difference between serum BNP levels and AHI,
BMI, mean, and minimal saturation, left ventricular ejection
fraction, and left ventricular mass index [16]. We did not
find any correlation between serum pro-BNP levels and
OSAS severity, AHI, and oxygen desaturation as compat-
ible with the literature. We also found that there was no
correlation between OSAS classification, AHI, oxygen
desaturation, and markers of CK, CK-MB, AST, and
troponin I which predicts cardiac damage. Kragelund et
al. have demonstrated that dietary factors and exercise
influence BNP levels while smoking status were similar
between different levels of BNP, as our study [17]. Our
findings do not support the hypothesis of nocturnal hypoxia
inducing myosite damage and increasing blood troponin
levels [18]. We did not detect any difference in the levels of
pro-BNP and cardiac biomarkers after CPAP treatment.
This result is incompatible with the study of Zhao et al. But
this study was conducted in OSAS patients with congestive
heart failure [14]. We did not include the patients with
congestive heart failure, confirmed either clinically or
echocardiographically, in our study.

Limitations of this study were the small number of the
study group, subjective evaluation of the CPAP compli-
ance, lack of a healthy control group, and mild OSAS
patients.

Based on the findings of this study, we concluded that
pro-BNP, CK, CK-MB, AST, and troponin I levels were not

Table 1 Demographic and clinical characteristics of patients with
OSAS

Characteristics Values

Age (mean±SD) 49.97±10.3

Gender (n, %)

Male 20 (66.7)

Female 10 (33.3)

Smoking status (n, %) 17 (56.6)

Smoking status (pack year; mean±SD) 21.29±17.11

BMI (mean±SD) 33.9±4.8

ESS (mean±SD) 11.7±3.8

AHI (mean±SD) 55.9±26.1

FEV1 ml (mean±SD) 3,078.67±698.10

FVC ml (mean±SD) 3,643.33±945.80

FEV1/FVC (mean±SD) 81.47

EF (mean±SD) 61.4±2.5% (56–65)

SD standard deviation, BMI body mass index, ESS Epworth
Sleepiness Scale, FVC Forced vital capacity, FEV Forced expiratory
flow, FEV1 Forced expiratory flow in 1 second, EF Ejection fraction

Table 3 OSAS classification and pro-BNP levels

OSAS Pro-BNP (<20pg/ml) Pro-BNP (≥20pg/ml)

Moderate 7(77.8%) 2(22.2%)

Severe 11(52.4%) 10(47.6%)

Total 18(60%) 12(40%)

Table 2 Smoking status and proBNP levels

Pro-BNP<20 pro-BNP≥20 Total

Smokers,n(%) 4(57.1) 3(42.9) 7

Nonsmokers,n(%) 14(60.9) 9(39.1) 23

Table 4 Cardiac biomarkers

Pretreatment with
CPAP, mean±SD
(median)

After CPAP treatment,
mean±SD (median)

p

CK(U/L) 100.10±56.63 (86.00) 110.20±55.95 (103.00) 0.363

CK-MB
(ng/ml)

1.62±1.16 (1.15) 1.81±1.16 (1.30) 0.224

Troponin
I(ng/ml)

0.007±0.036 (0.00) 0.003±0.018 (0.00) 0.326

AST(U/L) 16.9±5.50 (15.00) 19.4±12.6 (16.5) 0.229

SD standard deviation
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changed in patients with sleep apnea disorder after 6 months
of treatment with CPAP. This can be explained by normal
basal levels of the markers prior to the therapy and/or
insufficient sensitivity of these markers to ischemia as
troponin and CK-MB assays are sensitive to myosite
damage or necrosis. Therefore, markers sensitive to
ischemia could be preferred to evaluate effect of sleep
apnea syndrome (and its treatment) on myocardial integrity.
According to the present findings, it is also possible to
assume that hypoxia induced by sleep apnea syndrome does
not affect basal levels of the cardiac markers studied. In
conclusion, this study revealed that pro-BNP and cardiac
markers are insufficient to predict cardiac effects of CPAP
therapy in earlier stages of the disease than in OSAS
patients without heart failure. We suggest that biomarkers
that are sensitive to ishemia are more prefable in determin-
ing minor prolonged effects on myosites in OSAS.
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