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ABSTRACT
Objective: Obstructive sleep apnea syndrome (OSAS) is a cardiovascular risk factor associated with clinical complications like hypertension, ischaemic 
heart disease or thrombosis. The aim of this study was to develop a new scoring system, based on objective clinical and echocardiographic parameters.
Methods: One hundred fifty-eight consecutive acute coronary syndrome (ACS) patients underwent standard clinical, laboratory and echocardiography 
assessment after ACS, and their risk of OSAS was assessed using Berlin Questionnaire and Epworth Sleepiness Scale. Creation of OSACS (Obstructive 
Sleep Apnea in Acute Coronary Syndrome patients) score was attempted, with risk factors evaluated in multiple logistic regression model.
Results: In 34.2% patients, who were at high risk of OSAS left ventricular diastolic diameter, left atrial diameter, and intrventricular septal thick-
ness were elevated. In multiple logistic regression analysis: history of hypertension (Odds Ratio 4.42; 95% CI 0.96-20.5, p=0.06), body mass index 
(OR 6.82; 95% CI 2.33-20; p<0.001), diastolic blood pressure (OR 6.4; 95% CI 1.58-25.9; p=0.01), left ventricular diastolic diameter (OR 3.5; 95% CI 
1.05-11.6; p=0.04), left ventricular mass index (OR 0.26; 95% CI 0.07-0.94; p=0.04), interventricular septal thickness (OR 4.44; 95% CI 1.15-17.1; 
p=0.03) were independent risk factors for high risk of OSAS. All independent risk factor were implemented into risk prediction model called 
OSACS. The area under the ROC curve for the OSACS score was 0.87.
Conclusion: OSAS is highly prevalent in ACS patients. The new OSACS score has a high predictive value in assessment of risk of OSAS in these 
patients, and it can be used as an objective tool, and an alternative for the Berlin Questionnaire. (Anatolian J Cardiol 2015; 15: 50-5)
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Introduction

Prevalence of sleep-disordered breathing in patients with 
cardiovascular disease is higher than in the general population 
(1-4). Obstructive sleep apnea (OSA) is the most common type of 
sleep apnea, associated with an increased risk of cardiovascular 
morbidity and mortality (5-8). In spite of its overwhelming impor-
tance, OSA remains largely underdiagnosed (9). Practitioners 
have two important tools for prescreening patient for risk of OSA, 
which can be further evaluated in polysomnography. First, of the 
two screening methods, is the Epworth Sleepiness Scale, which 
helps evaluate subjective daytime sleepiness. The Epworth 
Sleepiness Scale score ranges from 0 to 24, with values of 10 and 
higher considered indicative of an excessive daytime sleepiness 
(10). The second method-Berlin Questionnaire, is used to classify 
patients as at high or low risk of obstructive sleep apnea syn-
drome (OSAS) (11, 12). Unfortunately, both those methods base 

only on patients’ self-reported status, and therefore cannot be 
objective. The aim of this prospective study was to develop a new 
scoring system, based on clinical and echocardiographic param-
eters, which will be useful in OSAS screening.

Methods

Patient selection
We prospectively studied 158 consecutive patients (mean 

age 57.1±8.7 years, 68% male), admitted with acute chest pain of 
possible coronary etiology to a tertiary university hospital that 
provides 24-hour Cardiology Intensive Care Unit services. All 
study patients had first-ever myocardial infarction confirmed by 
an increase in serum cardiac troponin I concentrations (above 
0.1 ng/mL), and underwent primary percutaneous intervention. 
ST-segment elevation myocardial infarction was diagnosed 
when standard 12-lead ECG showed ST-segment elevation 



found in two contiguous leads and be ≥0.25 mV in men below the 
age of 40 years, ≥0.2 mV in men over the age of 40 years, or ≥0.15 
mV in women in leads V2-V3 and/or ≥0.1 mV in other leads (in 
the absence of left ventricular hypertrophy or left bundle branch 
block. Non ST-segment elevation myocardial infarction was 
diagnosed, when there was no persistent ST-segment elevation, 
and in the ECG there was ST-segment depression or T-wave 
inversion, flat T waves, pseudo-normalization of T waves, or no 
changes present (13).

Study design
The initial screening interview addressed patients’ cardio-

vascular risk factors: age, history of hypertension, diabetes 
mellitus, dyslipidemia, risk of OSAS, daytime sleepiness, and 
other. Every study patient underwent transthoracic echocar-
diography (Philips iE 33, and 2,5-3,5 MHz transthoracic probe; 
Philips Medical System, USA) with assessment left ventricular 
diastolic diameter, left and right atrial diameter, posterior wall 
diastolic thickness, interventricular septal thickness, left ven-
tricular mass, left ventricular mass index, and aortic diameter, 
left ventricular ejection fraction; coronary angiography, and 
biochemical screening including B-type Natriuretic Peptide 
(BNP), C-reactive protein concentration (CRP), and estimated 
glomerular filtration rate were performed. BNP was measured 
in whole-blood specimen with a fluorescence immunoassay 
Triage BNP Test® (Biosite® Incorporated, USA), and CRP with 
immunoturbidimetric method (Roche Diagnostics, GmbH, 
Mannheim, Germany). All patients were followed up for 30 
days for major adverse cardiovascular events including myo-
cardial infarction, symptom-driven revascularization, stroke, 
and all-cause mortality. Study protocol was approved by the 
Local Ethics Committee, and all participants provided written 
informed consent.

Evaluation of high risk of OSAS
A risk of OSA was assessed using the Berlin Questionnaire. 

Excessive daytime sleepiness was assessed with use of the 
Epworth Sleepiness Scale. The risk of OSAS was defined as 
high, based on positive Berlin Questionnaire and Epworth 
Sleepiness Scale score. Contents of the Berlin Questionnaire 
and Epworth Sleepiness Scale were previously described in 
detail (10, 11).

In the next part of the study, patients who were identified as 
at high risk of OSAS underwent, after a period of recovery from 
the myocardial infarction, an overnight sleep study, using a por-
table device, for diagnosing the sleep disorders (Embletta X30; 
Flaga, Reykjavik, Iceland) to confirm OSA, was performed. 
Apnea was defined as a cessation in airflow lasting ≥10 sec-
onds. Hypopnea was defined as a recognizable transient reduc-
tion (but not complete cessation) of breathing for 10 seconds or 
longer, a decrease of greater than 50% in the amplitude of a 
validated measure of breathing, or a reduction in amplitude of 
less than 50% associated with oxygen desaturation of 4% or 
more. The Apnea-Hypopnea Index (AHI) was calculated as a 

sum of apneas and hypopneas number per hour of sleep. OSA 
was diagnosed, when AHI reached over 5 per hour. The data 
were scored manually according to the recommendations of the 
American Academy of Sleep Medicine (14).

Statistical analysis
All analyses were performed using SAS statistical soft-

ware version 8.02 (SAS Institute, Inc, Cary, NC). Continuous 
data are presented as mean±standard deviation and were 
compared using the Mann-Whitney U test or Student t-test. 
Categorical variables were compared using either χ2 or Fisher 
exact tests. A p value of less than 0.05 was considered statisti-
cally significant, whereas the confidence intervals were 95%. 
Stepwise multiple logistic regression analysis was performed 
to identify the independent risk factors of “high risk of OSA”. 
The covariates included into logistic regression analysis were: 
BNP level of >100 pg/mL, history of hypertension, history of 
diabetes, BMI of >30 kg/m2, diastolic blood pressure of >90 mm 
Hg systolic blood pressure of >140 mm Hg, highly sensitive CRP 
level >mean value for the study population, glomerular filtra-
tion ratio (GFR) >mean value for the study population, left 
ventricle diastolic diameter >mean value for study population, 
interventricular septum >mean value for study population, left 
atrium >mean value for study population, right ventricle >mean 
value for study population, posterior wall diastolic thickness 
>mean value for study population, left ventricle ejection frac-
tion >mean value for study population, left ventricle mass 
>mean value for study population, and left ventricle mass index 
>mean value for study population. The predictive value of the 
OSACS (Obstructive Sleep Apnea in Acute Coronary Syndrome 
patients) score was tested by the area under the receiver 
operator characteristic (ROC) curve.

Results

Fifty four (34.2%) patients were at high risk, and 104 (65.8%) 
at low risk of OSAS. In the group at high risk of OSAS there 
were 32 (59.3%) patients with ST elevated myocardial infarc-
tion (STEMI), and 22 (40.7%) patients with non-ST elevated 
myocardial infarction (NSTEMI). In patients at low risk of 
OSAS there were 73 (70.2%) patients with STEMI and 31 
(29.8%) patients with NSTEMI. On admission patients at high 
risk of OSAS had more often history of hypertension (92.6% vs. 
55.8%; p<0.001), diabetes mellitus (37% vs. 15.4%; p=0.005) 
compared to the patients at low risk. OSAS high risk patients 
had significantly higher mean resting heart rate, systolic blood 
pressure, diastolic blood pressure, body mass index, higher 
level of serum CRP and lower glomerular filtration rate than 
low-risk patients. The mean BNP level at discharge was sig-
nificantly higher in OSAS high-risk patients (83.4±153.2 vs. 
18.5±22.2 pg/mL; p=0.001). There was a significantly higher 
mortality rate in patients at high risk of OSAS (7.4% vs. 1%; 
p=0.03). The major adverse cardiovascular events rate was 
higher in high risk of OSAS group (16.7% vs. 5.8%; p=0.05) than 
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in low-risk group. Baseline characteristics of the study popula-
tion are described in detail in the Table 1.

As for the angiography findings in patients at high risk of 
OSAS, the infarct related artery in 19 (35.2%) cases was left 
anterior descending artery, in 19 (35.2%) cases right coronary 
artery, left circumflex artery in 7 (13.0%) cases, left marginal 
artery in 4 (7.4%) cases, and 5 (9.3%) patients had no changes in 
coronary arteries. After the coronary angioplasty grading in 
TIMI score was respectively, TIMI 2-4 (7.4%) patients, and TIMI 
3-49 (92.6%) patients. In the group at low risk of OSAS, left ante-
rior descending artery was an infarct related artery in 36 (34.6%) 
cases, right coronary artery in 33 (31.7%) cases, left circumflex 
artery in 18 (17.3%) cases, left marginal artery in 14 (13.5%) 
cases, and diagonal branch in 1 (1.0%) case, and 2 (1.9%) 
patients had no changes in coronary arteries. After the coronary 
angioplasty, the grading was respectively, TIMI 2-7 (6.7%) 
patients, and TIMI 3-97 (93.3%) patients.

Echocardiographic data
There were statistically significant differences in echocar-

diographic parameters between the groups. High-risk patients’ 
left ventricular diastolic diameter (52.2±7.3 vs. 48.2±5.1 mm; 
p=0.01), left atrial diameter (41.3±5.4 vs. 38±4.6 mm; p=0.001) and 
interventricular septal thickness (12.6±2.4 vs. 11.5±1.7 mm; 
p=0.003) were increased compared to low-risk subjects. The left 
ventricular mass (300.7±105.7 vs. 237.5±59.6 g; p=0.0002), and left 
ventricular mass index (140.3±47.4 vs. 122.8±28.2 g/m2; p=0.02) 
were significantly higher in high-risk patients. There was no 
statistically significant difference in left ventricular ejection 
fraction (49.88±8.73 vs. 49.79±8.75%; p=0.95), right ventricular 
diameter (25.66±3.01 vs. 24.97±3.12 mm; p=0.199), and aortic 
diameter (32.2±4.7 vs. 31.1±3.7 mm; p=0.26) between low- and 
high-risk patients (Table 1).

Sleep study
Initial screening with Epworth Sleepiness Scale and Berlin 

Questionnaire identified fifty three patients, who underwent an 
overnight sleep study (one patient of the initial group of 54 at 
high risk of OSAS had died). In total, 48 patients (90.6%) were 
diagnosed as having OSA with an AHI >5. Patients were classi-
fied into 3 groups according to the results of the sleep study 
(Apnea-Hypopnea Index): a) mild OSA in 18 (37.5%) patients, b) 
moderate OSA in 17 (35.4%) patients, and c) severe OSA in 13 
(27.1%) patients.

OSACS score
Basing on the multiple logistic regression analysis, parame-

ters being independent risk factors for high risk of OSAS were 
defined. History of hypertension, body mass index, diastolic 
blood pressure, left ventricular diastolic diameter, left ventricular 
mass index and intraventricular septal thickness were indepen-
dent risk factors for high risk of OSAS (Table 2). Using those fac-
tor a new score called OSACS (Obstructive Sleep Apnea in Acute 
Coronary Syndrome patients) was proposed. Basing on the Odds 

 Low-risk  High-risk 
 patients patients P

Characteristics (% or mean±SD)

Number of patients 104 (65.8%) 54 (34.2%) ---

Age, years 57.07±9.06 57.21±8.07 0.9

Male  69 (66.3%) 38 (70.4%) 0.7

High risk of obstructive sleep apnea 3 (2.9%) 54 (100%) <0.001 
based on Berlin Questionnaire

Epworth sleepiness scale 5.83±3.33 14.83±3.02 <0.001

Epworth sleepiness scale >10 8 (7.7%) 54 (100%) <0.001

History of hypertension - no (%) 58 (55.8%) 50 (92.6%) <0.001

History of diabetes mellitus - no (%) 16 (15,4%) 20 (37%) 0.005

History of dyslipidemia - no (%) 49 (47.1%) 22 (40.7%) 0.58

Characteristics on admission 
(% or mean±SD)

Low-density lipoprotein, mg/dL 117.96±36.37 107.57±36.25 0.12

High sensitivity C-reactive protein, 11.06±18.41 24.32±36.47 0.07 
mg/L

Cardiac troponin I, ng/mL 25.33±46.13 19.97±33.84 0.55

Glomerular filtration rate, 87.52±22.16 79.5±21.18 0.05 
mL/min/1.73 m2

B-type natriuretic peptide, pg/mL 18.47±22.17 83.41±153.15 <0.001

Heart rate, beats/minute 80.48±21.76 83.35±13.74 0.04

Systolic blood pressure, mm Hg 128.36±23.57 149.91±34.2 <0.001

Diastolic blood pressure, mm Hg 76.18±12.06 87.65±17.49 <0.001

Body mass index, kg/m2 26.99±3.81 32.3±4.63 <0.001

Hospitalization time, days 8.7±4.04 10.4±5.24 0.016

Echocardiographic data

Left ventricular diastolic diameter, 48.23±5.13 52.22±7.29 0.01 
mm (mean±SD)

Intraventricular septal thickness, 11.46±1.72 12.57±2.4 0.003 
mm (mean±SD)

Left atrial diameter, mm (mean±SD) 38±4.59 41.34±5.35 <0.001

Right ventricular diameter, mm 24.97±3.12 25.66±3.01 0.20 
(mean±SD)

Posterior wall diastolic thickness, 10.8±1.37 11.27±2.06 0.24 
mm (mean±SD)

Aortic thickness, mm (mean±SD) 31.1±3.7 32.2±4.7 0.26

Left ventricular ejection fraction, % 49.79±8.75 49.88±8.73 0.95 
(mean±SD)

Left ventricular mass, g (mean±SD) 237.53±59.6 300.65±105.7 <0.001

Left ventricular mass index, g/m2 122.79±28.22 140.26±47.35 0.02 
(mean±SD)

Left ventricular hypertrophy, no. % 64 (68.8%) 35 (72.9%) 0.76
Continuous data are presented as mean±standard deviation and were compared using the 
Mann-Whitney U test or Student t-test. Categorical variables are presented as no (%), and 
were compared using either χ2 or Fisher exact tests. 
SD - standard deviation

Table 1. Subject characteristics by the risk of obstructive sleep apnea
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Ratio (OR) for high risk of OSAS for every parameter, they were 
given point values ranging from -2 to +4. In example left ventricu-
lar mass index of >122,6 g/m2, with OR 0.26 (95% CI 0.07-0.94) was 
scored -2, and BMI > 30 kg/m2 (OR 6.82; 95% CI 2.33-20) or dia-
stolic blood pressure > 90 mm Hg (OR 6.4; 95% CI 1.58-25.9) were 
scored +4 points. Total score was ranging from -2 points to +16 
points (Table 3). The area under the ROC curve for the OSACS 
score was 0.87 (Fig. 1). According to the score patients were 
classified into the 3 groups: A) from -2 to +3 points - low risk 
group; B) from 4 to 8 points - intermediate risk group, and C) ≥9 
points - high risk group.

Discussion

OSACS is a newly proposed clinical score aiming to assess 
the risk of OSAS in acute coronary syndrome (ACS) patients. 
The score bases on objective clinical parameters including 
hypertension, body mass index, diastolic blood pressure, left 
ventricular diastolic diameter, left ventricular mass index, intra-
ventricular septal thickness, which all proved to be independent 
risk factors for high risk of OSAS.

Early risk stratification of ACS patients is important to iden-
tify high short- and long-term risk of death, and occurrence of 
cardiovascular events. It is also essential for selection of proper 
medical treatment. The risk should be evaluated considering 
different clinical characteristics, risk factors, echocardiographic 
changes, and laboratorial markers (15). OSAS is a newly identi-
fied clinical condition, which if not diagnosed and treated in 
time, may lead to an increased risk of acute or recurrent cardio-
vascular events. Commonly used scales to evaluate the risk of 
ACS patients do not include OSAS as a risk factor for cardiovas-
cular diseases (16-19). The high risk of OSAS also significantly 
increases cardiovascular morbidity and mortality (5, 7, 20). 
Although in a small group of patients, we observed similarly to 
previous studies that patients at high risk of OSAS have higher 
risk of death. Other studies have also shown that OSAS patients 
have an increased risk of nocturnal death and myocardial 
infarction (21, 22).

Screening methods for OSA are more widely applicable than 
standard full polysomnography, but will never replace it. Sleep 

questionnaires and scores enforced by portable devices prom-
ise to be very helpful in risk stratification, initial diagnosis mak-
ing, and managing OSAS in cardiologist patients. In addition they 
are cost efficient, and easily accessible. Both, Epworth 
Sleepiness Scale and Berlin Questionnaire have several limita-
tions including poor sensitivity specificity, and reproducibility 
(23, 24). The presented OSACS score is simple to administer, and 
is promising to have a high predictive value in accurate assess-
ment of the high risk of OSAS in ACS patients. As showed in ROC 
curve compression, OSACS has high predictive value. Although, 
it wasn’t validated in a larger cohort. OSACS risk score has a 
potential of being as well or even more predictive of high risk of 
OSA than scales previously used. OSACS score is objective, and 
not basing on patients’ answers and ability of interpretation of 
physicians. According to the guidelines of European Society of 
Cardiology, echocardiography is recommended in every patient 
undergoing ACS (Class of recommendation: I; Level of evidence: 
C) (13, 25). Also data considering: history of hypertension, BMI, 
and blood pressure are routinely covered on admission. Epworth 
Sleepiness Scale and Berlin Questionnaire are tools, which 
require additional examination from a physician. Our score is 
basing on data already provided by standard examinations. 
Contrary to the Berlin Questionnaire and Epworth Sleepiness 
Scale, the OSACS score is based on clinical parameters. The 
final OSACS score is calculated as the sum of: history of hyper-
tension, body mass index, diastolic blood pressure, left ventricu-
lar diastolic diameter, left ventricular mass index and interven-
tricular septal thickness. Previous evidence suggests that the 
presence of metabolic syndrome being more significant than 
typical clinical OSAS features, that include snoring and exces-
sive daytime sleepiness, and other (12). It can be also possible 
that OSA should be included as a component of metabolic syn-
drome. The score, once properly validated, is intended to iden-
tify patients with high profile for OSA and accordingly, to be 
referred to the Sleep Lab. As said previously, same as other 
scores, it will not replace the polysomnography, but may help 
improve its accessibility, and cost effectiveness.

As expected, a number of conventional risk factors, such as: 
hypertension, diabetes or BMI >30 kg/m2 in patients at high risk of 
OSAS was higher than in those at low risk. We have also shown 

 Odds ratio [95% 
 confidence interval] P

History of hypertension 4.42 (0.96-20.5) 0.06

Body mass index >30 kg/m2 6.82 (2.33-20) <0.001

Diastolic blood pressure >90 mm Hg 6.4 (1.58-25.9) 0.01

Left ventricular diastolic diameter >49 mm 3.5 (1.05-11.6) 0.04

Intraventricular septal thickness >12 mm 4.44 (1.15-17.1) 0.03

Left ventricular mass index >122.6 g/m2 0.26 (0.07-0.94) 0.04
Stepwise multiple logistic regression analysis was performed to identify the independent risk 
factors of “high risk of OSA”. See text for the full list of variables included in the analysis

Table 2. Independent variables associated with high risk of obstructive 
sleep apnea on multiple logistic regression analysis

Question

Left ventricular mass index >122.6 g/m2 - 2 points

Left ventricular diastolic diameter >49 mm +2 points

History of hypertension +3 points

Intraventricular septal thickness >12 mm +3 points

Diastolic blood pressure >90 mm Hg +4 points

Body mass index >30 kg/m2 +4 points

Total Score ...... points

Table 3. Obstructive Sleep Apnea in Acute Coronary Syndrome 
patients (OSACS) score-the score to predict “high risk of obstructive 
sleep apnea”
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that high-risk OSAS patients have higher resting heart rate, com-
pared to patients at low risk. Previous studies suggest that 
assessment of heart rate can improve the risk stratification (26). 
A higher heart rate is associated with an increased risk of cardio-
vascular, and other-cause mortality. In addition, our data con-
firmed previous results that high risk OSAS patients show elevat-
ed CRP level at admission, as compared to the low risk population.

It was previously shown that the measurements of BNP 
levels discharged ACS patients can be important in risk stratifi-
cation of these patients. We observed that patients at high-risk 
of OSAS have higher mean BNP level at discharge. The elevated 
levels of BNP may be a precise indicator of cardiovascular mor-
bidity and mortality in OSAS patients. Our OSAS high risk 
patients had longer hospitalization time as compared to low rsik 
group, which can strongly suggest a worse prognosis.

In our study population, the high risk of OSA was clearly asso-
ciated with a significantly larger left ventricular diastolic diameter, 
larger left atrial diameter, thicker interventricular septum, signifi-
cantly larger mass of the left ventricle and elevated left ventricular 
mass index. The observed enlarged left atrial diameter, left ven-
tricular diameter, and thicker interventricular septum in patients at 
high risk of OSAS, this could be explained by a significant higher 
prevalence of arterial hypertension and obesity in those patients. 
The three echocardiographic parameters (left ventricular mass 
index >122.6 g/m2, left ventricular diastolic diameter >49 mm, and 
intraventricular septal thickness >12 mm) were independent risk 
factors for high risk for OSA. Echocardiographic parameters 
counted for most of the OSACS score points.

Study limitations

Several limitations must also be acknowledged. Present study 
is a preliminary study on proposal of the new clinical score that 
needs further validation. We did not perform an overnight sleep 
study in patients at low risk of OSAS. However, only 2.9% patients 
were at high risk of OSA basing on Berlin Questionnaire. The 

other limitation of the study is a relatively small number of 
patients involved which might impact on statistical power of the 
study. Finally, we did not make an external validation of this scale. 
On the other hand, we constructed non-invasive, simple and 
promising tool to identify those ACS patients who should be fur-
ther diagnosed and treated more aggressively than only in con-
text of post-myocardial risk. Cardiologists concentrated on ACS 
and post-ACS standards, should not forget about new risk factors 
like OSAS, and our risk score, even under validation by others’, 
might increase the knowledge of OSAS.

Conclusion

OSAS is highly prevalent in ACS patients. In this group of 
patients, the new OSACS score has a high predictive value in 
assessment of the high risk of OSAS, and may be used as an 
alternative for the Berlin Questionnaire. Hypertension, body 
mass index, diastolic blood pressure, left ventricular diastolic 
diameter, left ventricular mass index, intraventricular septal 
thickness are all independent risk factors for high risk of OSAS. 
Further studies, including external validation, are needed to 
assess OSACS score accuracy in an everyday clinical practice.
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