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ABSTRACT 
The purpose of the study was to investigate the 
relationship between sleep disordered breathing 
(SDB) and degree of heart failure (HF) in patients 
with coronary heart disease (CHD). A total of 
3017 patients (77.4% men and 22.6% women) 
were included in the study. Clinical examination 
and echocardiography for evaluation of HF us- 
ing NYHA functional classification and sleep 
polysomnography were performed. The study 
demonstrated that SDB is more common in CHD 
patients with higher NYHA functional class. The 
prevalence of central sleep apneas against ob- 
structive apneas was observed in patients with 
mild and moderate HF. The number of central 
apneas was strongly related to the severity of 
heart failure. More frequent appearance of cen- 
tral sleep apneas is predominantly due to insta- 
bility of ventilatory control systems during sleep 
because of impaired cardiac function in HF pa- 
tients. Sleep architecture was more disturbed in 
CHD patients with higher NYHA functional class. 
A gradual increase of stage 1 and wakefulness 
after sleep onset and a decrease of sleep stages 
3-4 and REM sleep as well as a diminution of 
sleep efficiency with worsening of NYHA func- 
tional class were observed. We suggest that 
both SDB and disturbed sleep variables inde- 
pendently significantly correlate with manifesta- 
tion of HF.   
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1. INTRODUCTION 

Sleep disordered breathing (SDB) is a common chronic 

disorder with a major impact on morbidity and mortality 
in the general population [1,2]. Moderate to severe sleep 
apnoea was reported to be present in 5.7% [3]. Other 
studies found the prevalence of moderate sleep apnoea to 
be between 1% and 14%, thus it is reasonable to assume 
that 1 in 5 adults has at least mild sleep apnoea, and 1 in 
15 adults has at least moderate sleep apnoea [4].  

SDB is recognized as an independent risk factor for 
cardiovascular impairment [5]. Hypertension, coronary 
heart disease (CHD), diabetes, heart rhythm and conduc- 
tion abnormalities, cerebrovascular disease, and heart 
failure (HF) have all been linked to this syndrome [6-8]. 
On the other hand, CHD is a major risk factor for HF 
which is increasingly becoming a health concern world- 
wide, since it contributes to increased morbidity and 
mortality. It has been reported that sleep disordered 
breathing (SDB) is experienced by approximately half of 
the patients with HF [9-12].  

SDB is classified mainly as either obstructive sleep 
apnoea (OSA) or central sleep apnoea (CSA). The for- 
mer is characterized by repetitive collapse of the upper 
airway, whereas the latter is due to periodic loss of ven- 
tilatory drive [9]. In contrast to OSA, it is likely that CSA 
is a consequence rather than a cause of heart failure (HF). 
CSA is more frequent among HF patients and related to 
HF severity [9,10]. CSA may promote disease progres- 
sion and mortality in HF patients [11,12]. While OSA is 
a cardiovascular risk factor per se [13-16], CSA appears 
to be a marker of HF severity [17,18]. 

However, the relationship between severity of SDB 
and incident HF has been less studied. Since the presence 
of SDB has a predictive value for the development of 
CHD and is known to be associated with established HF 
[19], we hypothesized that the severity of HF would also 
predict a degree of SDB.  

Thus, the aim of the study was to specify the relation- 
ship between sleep apnoea and degree of heart failure in 
patients with coronary heart disease.  
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2. METHODS 

2.1. Subjects 

Consecutive patients diagnosed with CHD attending 
rehabilitation program at the Cardiovascular Rehabilita- 
tion Clinic of the Behaviour Medicine Institute of the 
Lithuanian University of Health Sciences in Palanga, 
Lithuania during the period from 2000 to 2006 were in- 
cluded in the study. A total of 3017 patients (77.4% men 
and 22.6% women; mean age 59.7 ± 9.9 years) were in- 
cluded in the study. All the patients were on standard 
treatment for secondary prevention of CHD according to 
existing guidelines.   

2.2. Procedure and Instruments 

The study was planned according to the declaration of 
Helsinki and approved by the Lithuanian Ethical Com- 
mittee. The subjects of the study gave a written informed 
consent. 

All patients had a clinical cardiovascular examination 
and were evaluated for demographic characteristics, for 
past and current CHD diagnosis and treatments. The 
study patients underwent two-dimensional transthoracic 
echocardiography on the day of the sleep study. The left 
ventricle ejection fraction was calculated using Simp- 
son’s biplane methods. The definition of HF was the 
presence of cardiac symptoms and moderately or se- 
verely reduced ventricular systolic function. The HF was 
determined according to the New York Heart Association 
(NYHA) functional classification system which de- 
scribes the impact of heart failure on a patient’s daily 
activities [20]. A higher class indicates more severe 
symptoms, limitation in physical activity, and worse 
health.  
 
NYHA classification—The stages of heart failure [20]. 

Class Patient Symptoms 

Class I 
(No impact) 

No limitation of physical activity. Ordinary physical  
activity does not cause undue fatigue, palpitation, or 
dyspnea (shortness of breath). 

Class II 
(Mild) 

Slight limitation of physical activity. Comfortable at rest, 
but ordinary physical activity results in fatigue,  
palpitation, or dyspnea. 

Class III 
(Moderate) 

Marked limitation of physical activity. Comfortable at 
rest, but less than ordinary activity causes fatigue,  
palpitation, or dyspnea. 

Class IV 
(Severe) 

Unable to carry out any physical activity without  
discomfort. Symptoms of cardiac insufficiency at rest. If 
any physical activity is undertaken, discomfort is in-
creased. 

 
Sleep data were recorded using standard polysomno- 

graphy. Electrooculography, electroencephalography, chin 
electromyography, nasal flow, thoracic and abdominal 
respiration, and finger pulse oximetry were recorded 

using Alice-4 model polysomnograph (Respironics). The 
records were scored with the Rechtshaffen and Kales 
criteria [21]. The sleep architecture was examined by the 
following parameters: Total sleep time, sleep latency, 
wakefulness after sleep onset, time spent in sleep stage 1, 
stage 2, slow-wave sleep (stage 3 and stage 4 combined), 
and REM sleep in absolute and relative values. The per- 
centage of sleep efficiency and sleep onset latency were 
chosen as objective indices of sleep efficiency. The per- 
centage of sleep efficiency was computed as the ratio of 
total sleep time to time spent in bed multiplied by 100.) 

The total number of apneas and hypopneas per hour of 
sleep was determined, as well as the total number of ob- 
structive (OSA), central (CSA), and mixed sleep apneas 
(MSA) and hypopneas per hour. Apnoe-hypopnea index 
(AHI) was defined as the total number of apneas plus 
hypopneas per hour of sleep. OSA, CSA and MSA and 
hypopnea indexes were defined as the total number of 
respective apneas/hypopneas per hour of sleep. OSA was 
defined as cessation of oronasal airflow for ≥10 s in the 
presence of out-of-phase thoracoabdominal effort or as a 
fall in oronasal airflow for ≥10 s with out-of-phase tho- 
racoabdominal movement associated with a ≥4% fall in 
SpO2. CSA was defined as an absence of oronasal air- 
flow during sleep for ≥10 s associated with absent respi- 
ratory effort or any reduction in oronasal airflow for ≥10 
s associated with in-phase thoracoabdominal movement 
and a ≥4% fall in SpO2. MSA was defined as an event 
which begins as CSA and develops into the obstructive 
form in parallel with a ≥4% fall in SpO2. A hypopnea 
was defined as a decrement in airflow ≥50% but <90% 
from baseline for ≥10 seconds and a ≥4% fall in SpO2. 
The oxygen desaturation index was defined as the total 
number of a ≥4% fall in SpO2 per hour of sleep. The av- 
erage oxygen saturation value was calculated over all 
valid SpO2 values. The average duration of desaturation 
events, the maximum desaturation from baseline and 
maximum duration of desaturation events were also cal- 
culated.   

2.3. Data Analyses 

The data were analyzed with SPSS version 21.0. De- 
scriptive statistics, ANOVA with post-hoc Bonferroni 
comparisons and multinomial logistic regression were 
performed to address the study aims if testing for normal 
distribution (Kolmogorov-Smirnov) passed. Quantitative 
variables values were expressed as mean with 95% con- 
fidence interval. The chi-squared test was used to ana- 
lyze the association between the categorical variables.  

Direct effects of sleep and respiratory variables be- 
tween NYHA functional classes were analyzed using 
general linear models (GLM) adjusted by gender, age, 
body mass index, arterial hypertension, myocardial in- 
farction, diabetes. 
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The adjusted multivariate analysis was performed with 
controlled covariates for gender, age, body mass index, 
arterial hypertension, myocardial infarction and diabetes. 
Sleep apnea and oxygen desaturation events per hour 
were initially categorized with apnea-hypopnea index 
(events/h) as: none (≤5.0), mild (5.1 to 15.0), moderate 
(15.1 to 30.0) and severe (≥30.0). Multivariate logistic 
regression models were used to identify odds ratios (OR) 
between NYHA functional class and severity apnea-hy- 
popnea and severity oxygen desaturation levels. The ad- 
justed odds ratios results of multinomial logistic regres- 
sion provide comparison the three NYHA functional 
class patient groups for: 1) NYHA class II patients versus 
NYHA class I patients and 2) NYHA class III patients 
versus NYHA class I patients. Models were adjusted for 
covariates of gender, age, body mass index, arterial hy- 
pertension, myocardial infarction, diabetes. A value of P 
< 0.05 and less was considered significant for all com- 
parisons. 

3. RESULTS 

3.1. Demographic Characteristics 

The mean age of the 3017 patients was 59.7 (SD 9.9) 
years (Table 1). The patients were older in groups with 
higher NYHA functional class (P < 0.001). Approxi- 
mately one-fourth there was women in the total group as 
well as in all groups with different NYHA functional 
class. A body mass index significantly (P < 0.001) in- 
creased in parallel with worsening of NYHA functional 
class reaching the highest values in patients with NYHA 
functional class III. A total of 2065 (68.4%) patients had 
myocardial infarction and 286 (9.5%) had diabetes mel- 
litus. The patient groups with different NYHA functional 
class statistically significantly differ in cases of myocar- 
dial infarction, arterial hypertension and diabetes (P < 
0.001). Myocardial infarction and diabetes were charac- 
teristic for NYHA class III patients; while arterial hyper- 
tension for NYHA class II patients (P < 0.001).  

A higher systolic arterial blood pressure was observed 
in NYHA functional class III patients, as compared with 
NYHA class I patients (P < 0.01). There were no signifi- 
cant differences in diastolic arterial blood pressure values 
in different groups distributed according NYHA func- 
tional class. Left ventricle ejection fraction was 46.8% in 
the total group and a statistically significant (P < 0.001) 
reduction in parallel with worsening of heart failure in 
higher NYHA functional class groups was observed.   

3.2. Sleep Variables 

Sleep latency time increased in parallel with higher 
NYHA functional class; however a statistically signifi- 
cant (P < 0.001) increase was observed in NYHA func- 

tional class III patients, as compared with NYHA func- 
tional class I patients (Table 1). The total sleep time was 
statistically significantly decreased in NYHA functional 
class III patients, as compared with NYHA functional 
class II and NYHA functional class I patients.   

A statistically significant (P < 0.001) decrease in sleep 
efficiency was observed in parallel with the worsening of 
NYHA functional class reaching 83.5% in patients with 
NYHA class III because of an increase (P < 0.001) of 
wakefulness after sleep onset up till 16.1%.  

The sleep architecture was mostly disturbed in patients 
with NYHA functional class III (Table 1). There was 
observed a gradual increase (P < 0.001) of stage 1 and a 
gradual decrease (P < 0.001) of stages 3-4 and REM 
sleep with worsening of NYHA functional class. Only 
stage 2 did not differ among different NYHA functional 
class patients. The highest number of body movements 
was observed in NYHA functional class III patients; 
however statistically significant difference (P < 0.001) 
was only between patients of NYHA functional class III 
and NYHA functional class I patient groups.   

General linear model analysis confirmed that the sig- 
nificant differences remain for all sleep variables in dif- 
ferent NYHA functional class patients’ groups except for 
sleep latency time, total sleep time, stage 2 and body 
movements. 

3.3. Respiratory Events 

Patients had none (≤5) (n = 1796 (59.5%)), mild (5.1 
to 15.0) (n = 709 (23.5%)), moderate (15.1 to 30) (n = 
320 (10.6%)), and severe (>30) (n = 192 (6.4%)) (Table 
1). 

In total group of CHD patients the average of AHI was 
8.3 event/h. Central sleep apneas (1.32 events/h) were 
observed more frequently (P < 0.001), as compared with 
obstructive (1.06 events/h) or mixed (0.45 events/h) 
sleep apneas. A statistically significant (P < 0.001) in- 
crease of AHI from 6.5 events/h in NYHA functional 
class I patients to 8.0 events/h in NYHA functional class 
II, and 12.1 events/h in NYHA functional class III pa- 
tients was observed. The changes of number of central, 
obstructive or mixed sleep apneas were in the same di- 
rection as of AHI in different groups distributed accord- 
ing to NYHA functional class. The patients with NYHA 
functional class III, as compared with patients in NYHA 
functional class II or NYHA functional class I, demon- 
strated the highest number of different apneas-hypopneas 
(P < 0.001). 

Oxygen desaturation index followed the changes of 
AHI in all patient groups: from 7 events/hour in NYHA 
functional class I patients till 7.4 events/hour in NYHA 
class II, and 12.4 events/h in NYHA class III patients. 
Statistically significant differences were observed be- 
tween NYHA class III patients and NYHA class II or  
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Table 1. Comparison of demographic and clinical characteristics, sleep variables and respiratory events in heart failure patients with 
different NYHA functional class. 

 NYHA Functional Class  

 
Overall (N = 3017)

I (N = 1232) II (N = 1082) III (N = 703) Pa 

Demographic and Clinical      

Age (years)***@ #$ 59.7 (59.3 - 60.0) 56.5 (55.9 - 57.0) 60.5 (60.0 - 61.1) 64.0 (63.3 - 64.6)  

Gender (male)** 2257 (77.4) 954 (77.4) 778 (71.9) 525 (74.7)  

Body mass index (kg/m2)***@#$ 28.6 (28.5 - 28.8) 28.1 (27.9 - 28.4) 28.6 (28.4 - 28.9) 29.6 (29.2 - 29.9)  

Systolic blood pressure (mmHg)**# 125 (124 - 126) 124 (123 - 125) 125 (124 - 126) 127 (125 - 128) ns 

Diastolic blood pressure (mmHg) 80.2 (79.9 - 80.5) 80.4 (79.9 - 80.9) 79.9 (79.4 - 80.4) 80.3 (79.6 - 80.9) ns 

Ejection fraction (%)***@#$ 46.8 (46.3 - 47.3) 49.8 (49.1 - 50.5) 46.2 (45.4 - 47.0) 42.7 (41.6 - 43.7) <0.001

Myocardial infarction*** 2065 (68.4) 748 (60.7) 773 (71.4) 544 (77.4)  

Arterial hypertension*** 1957 (64.9) 733 (59.5) 755 (69.8) 469 (66.7)  

Diabetes mellitus*** 286 (9.5) 74 (6.0) 115 (10.6) 97 (13.8)  

Sleep architecture      

Time in bed (min)***@# 423 (421 - 424) 417 (415 - 420) 426 (422 - 429) 427 (423 - 430) 0.013

Total sleep time (min)**#$ 330 (327 - 332) 333 (329 - 337) 331 (327 - 335) 322 (317 - 327) ns 

Sleep latency (min)**# 17.1 (16.4 - 17.8) 15.8 (14.8 - 16.9) 17.7 (16.6 - 18.8) 18.5 (17.0 - 19.9) ns 

REM latency (min)*# 96.4 (93.8 - 99.0) 93.4 (89.6 - 97.3) 96.2 (92.1 - 100.3) 101.9 (95.9 - 108.0) 0.050

Sleep efficiency (%)***@#$ 85.6 (85.2 - 86.0) 87.0 (86.4 - 87.6) 85.3 (84.7 - 86.0) 83.5 (82.6 - 84.4) 0.029

Wake after sleep onset (%)***@#$ 14.0 (13.6 - 14.4) 12.5 (11.9 - 13.2) 14.3 (13.6 - 14.9) 16.1 (15.1 - 17.0) 0.029

Stage 1 sleep (%)***#$ 6.6 (6.4 - 6.9) 6.7 (6.3 - 7.2) 6.0 (5.6 - 6.4) 7.4 (6.8 - 8.0) 0.002

Stage 2 sleep (%) 52.6 (52.2 - 53.1) 52.5 (51.7 - 53.2) 52.9 (52.1 - 53.7) 52.5 (51.4 - 53.6) ns 

Stage 3 - 4 sleep (%)***#$ 10.3 (10.0 - 10.6) 11.0 (10.5 - 11.5) 10.5 (10.0 - 11.1) 8.8 (8.1 - 9.4) 0.006

Stage REM sleep (%)***@#$ 12.8 (12.6 - 13.1) 13.7 (13.3 - 14.0) 12.8 (12.4 - 13.2) 11.4 (10.9 - 11.9) 0.005

Body movements (%)*# 2.3 (2.3 - 2.4) 2.3 (2.2 - 2.4) 2.3 (2.2 - 2.4) 2.5 (2.3 - 2.7) ns 

Respiratory events      

Number of apneas-hypopneas***      

≤5.0 events/h 1796 (59.5) 819 (66.5) 648 (59.9) 329 (46.8)  

5.1 to 15.0 events/h 709 (23.5) 271 (22.0) 25 (23.3) 186 (26.5)  

15.1 to 30.0 events/h 320 (10.6) 88 (7.1) 127 (11.7) 105 (14.9)  

≥30.0 events/h 192 (6.4) 54 (4.4) 55 (5.1) 83 (11.8)  

Apnea-hypopnea index (events/h)***@#$ 8.3 (7.9 - 8.8) 6.5 (6.0 - 7.1) 8.0 (7.2 - 8.7) 12.1 (11.0 - 13.3) <0.001

Obstructive apnea index (events/h)***#$ 1.06 (0.94 - 1.18) 0.76 (0.64 - 0.89) 0.93 (0.79 - 1.08) 1.77 (1.37 - 2.17) <0.001

Central apnea index (events/h)***#$ 1.32 (1.18 - 1.45) 1.06 (0.90 - 1.23) 1.28 (1.05 - 1.51) 1.82 (1.45 - 2.18) ns 

Mixed apnea index (events/h)***#$ 0.45 (0.41 - 0.50) 0.38 (0.32 - 0.46) 0.38 (0.32 - 0.45) 0.67 (0.56 - 0.80) 0.003

Hypopnea index (events/h)***@#$ 5.6 (5.3 - 5.9) 4.4 (4.0 - 4.7) 5.4 (4.9 - 5.9) 8.0 (7.3 - 8.8) <0.001

Oxygen desaturation index (events/h)***#$ 8.4 (7.9 - 8.9) 7.0 (6.3 - 7.6) 7.4 (6.7 - 8.2) 12.4 (11.1 - 13.7) <0.001

Average oxygen saturation (%) 83.5 (82.4 - 84.6) 83.1 (81.3 - 84.8) 84.1 (82.3 - 85.8) 83.4 (81.2 - 85.5) ns 

Average duration of desaturation events, min/h 2.9 (2.7 - 3.1) 2.2 (2.0 - 2.5) 2.6 (2.3 - 2.9) 4.7 (4.1 - 5.3) <0.001

Maximum desaturation from baseline (%)***#$ 8.5 (8.2 - 8.9) 7.8 (7.3 - 8.3) 8.4 (7.8 - 8.9) 10.2 (9.4 - 10.9) 0.050

Maximum duration of desaturation 
events (min)***#$ 

30.9 (30.1 - 31.7) 28.3 (27.1 - 29.5) 30.2 (28.8 - 31.5) 36.7 (34.9 - 38.5) 0.001

All values mean (95% confidence interval)/N (%). Overall tests: *P < 0.05; **P < 0.01; ***P < 0.001. Post hoc tests (Bonferroni) P < 0.05: @I-II; #I-III; $II-III. 
justed by gender, age, BMI, arterial hypertension, myocardial infarction, diabetes. aad 
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NYHA class I patients (P < 0.001). The average oxygen 
saturation was 83.5% in total group and did not differ 
significantly among all three patient groups. However, 
maximum desaturation drop from the baseline was ob-
served in NYHA functional class III patients (10.2%), as 
compared with NYHA class II (8.4%, P < 0.05) and 
NYHA class I (7.8%, P < 0.001) patients. Maximum du-
ration of desaturation events demonstrated the similar 
changes. 

An analysis of respiratory variables in CHD patients’ 
groups when adjusting for gender, age, body mass index, 
arterial hypertension, myocardial infarction, and diabetes 
demonstrated that statistically significant differences of 
variables in different NYHA functional class groups re-
main the same, except the number of central apneas and 
average oxygen saturation. 

3.4. Relation between Respiratory Events 
and Heart Failure 

Multivariate logistic regression analysis adjusted for 
all covariates revealed that patients with NYHA func- 
tional class II had 1.41 (95% CI = 1.04 - 1.91) times in- 
creased odds of having moderate AHI (between 15.1 to 
30.0 events per hour) (Table 2). Patients with NYHA 
functional class III demonstrated the highest odds for 
moderate (OR = 1.81; 95% CI = 1.29 - 2.53) and severe 
(OR = 2.19; 95% CI = 1.47 - 3.27) AHI. Oxygen desatu- 
ration index was associated with increased odds for se- 
vere desaturation (OR = 1.24; 95% CI = 1.24 - 2.63) for 
all covariates only in NYHA functional class III (Table 
3).  

4. DISCUSSION 

SDB represents one of the major public health prob- 
lems affecting many individuals worldwide. The preva- 
lence of SDB in the general community was defined by 
large epidemiological studies. The prevalence ranged 
from 9% in men and 4% in women (602 subjects, aged  
 
Table 2. Multinomial logistic regression of NYHA functional 
class patients’groups by sleep apnea events. 

NYHA Functional Class Apnea-hypopnea 
index (events/h) II vs I III vs I 

≤5.0 (Referent) 1.00 1.00 

5.1 to 15.0 0.99 (0.80 - 1.22) 1.20 (0.94 - 1.54)

15.1 to 30. 1.41* (1.04 - 1.91) 1.81* (1.29 - 2.53)

≥30.0 0.98 (.66 - 1.48) 2.19* (1.47 - 3.27)

*P < 0.05. Results: adjusted odds ratio (95% confidence interval), R2 = 0.18. 
Multinomial logistic regression was used, considering I NYHA Functional 
class as the reference category. Model adjusted for gender, age, BMI, arte- 
rial hypertension, myocardial infarction, diabetes. 

Table 3. Multinomial logistic regression of NYHA functional 
class patients’ groups by oxygen desaturation events. 

NYHA Functional Class Oxygen desaturation 
index (events/h) II vs I III vs I 

≤5.0 (Referent) 1.00 1.00 

5.1 to 15.0 0.86 (0.69 - 1.07) 1.08 (0.83 - 1.39)

15.1 to 30.0 0.93 (0.69 - 1.25) 1.18 (0.85 - 1.64)

>30.0 0.85 (0.58 - 1.24) 1.24* (1.24 - 2.63)

*P < 0.05. Results: adjusted odds ratio (95% confidence interval), R2 = 0.18. 
Multinomial logistic regression was used, considering I NYHA Functional 
class as the reference category. Model adjusted for gender, age, body mass 
index, arterial hypertension, myocardial infarction, diabetes. 
 
30 - 60 years, AHI ≥ 15) in the Wisconsin Sleep Study 
Cohort [3] to 3.3% in men (741 subjects, aged 20 - 100 
years, AHI ≥ 10) [22] and 1.2% in women (1000 subjects, 
aged 20 - 100 years, AHI ≥ 10) [23] in the Southern 
Pennsylvanian Study Cohort. In the large Sleep Heart 
Health Study, the overall prevalence rate was 18% (5615 
subjects, 53% female, AHI ≥ 15), with 2:1 male pre- 
dominance (prevalence of 25% in men and 11% in 
women) and men with severe obstructive sleep apnea 
have a 58% higher adjusted risk of incident HF than men 
without OSA [24]. 

SDB may be considered as a public health problem 
because of clinical consequences for the patient as sleep 
apnea syndrome is an increasingly common chronic con-
dition that affects many diseases as CHD, hypertension, 
diabetes etc [6-10,25]. This is in line with our results 
showing that patients with higher NYHA functional class 
have more cases of myocardial infarction and diabetes as 
well as more apneas-hypopneas.  

Mechanisms by which SDB may aggravate CHD in- 
clude sympathetic nervous system activation that results 
from intermittent hypoxemia and hypercapnia during 
sleep, repeated episodes of hypoxemia and reoxygena- 
tion evoke hypoxic and oxidative stress which is the 
main factor causing systemic inflammation, endothelial 
dysfunction, increased production of vasoactive sub- 
stances, and insulin resistance, with resultant hyperten- 
sion, hyperlipidemia, and diabetes mediating the cardio- 
vascular consequences [26,27]. 

The major effect of SDB on cardiovascular function is 
an intermittent hypoxia during sleep activating negative 
molecular mechanisms, sympathetic activity and in- 
creasing arterial blood pressure [28,29]; however, statis- 
tically significant increase of systolic arterial pressure is 
observed only in NYHA functional class III patients dis- 
playing moderate HF; while diastolic blood pressure 
values remain the same in all patient groups. We specu-
late that other mechanisms, but not elevated arterial 
blood pressure, may play the main role in pathogenesis 
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of SDB in HF patients.  
The two main types of SDB, obstructive and central 

sleep apneas, are determined by different mechanisms. In 
obstructive sleep apnea, there is primarily a failure to 
maintain airway patency resulting in obstruction, while 
OSA is predominantly due to the instability of ventila- 
tory control systems, accentuated when feedback loops 
become abnormal, as in HF. This explains why central 
sleep apneas are more frequent in HF patients. The most 
important pathophysiological mechanisms responsible 
for central sleep apneas in HF [30] are a hypocap- 
nia-induced apnoeic threshold during sleep [30], in com- 
bination with enhanced central chemoreceptor sensitivity 
[31] and elevated pulmonary capillary wedge pressure 
[32].   

In our study we found a prevalence of central sleep 
apneas over obstructive apneas in patients with worsen- 
ing of NYHA functional class. The reason for higher 
rates of central sleep apneas may be explained by higher 
rate of HF in those patients. The higher proportion of 
CHD, myocardial infarction, reduced left ventricle ejec- 
tion fraction and lower rates of arterial hypertension in 
NYHA class II and class III patient groups confirm that 
central sleep apneas may be associated with primarily 
ischemic versus hypertensive etiology of HF. The reduc- 
tion of left ventricle ejection fraction and an increase of 
number of central apneas with the worsening of HF sup- 
port this explanation. The previous findings also demon- 
strate that patients with systolic dysfunction had signify- 
cant central sleep apneas [33,34]. Other studies have 
documented a high prevalence of OSA in patients with 
systolic [10,35-38.] as well as diastolic [39] HF. There- 
fore, alterations in cardiac function during sleep may 
influence apnea type in HF patients. 

Pathophysiological studies demonstrated that in pa- 
tients with HF, the shift from OSA to CSA is associated 
with a reduction in carbon dioxide partial pressure (pCO2) 
related to an overnight deterioration in cardiac function 
because of the concurrent lengthening of circulation time 
[40,41]. Further studies confirmed that the characteristics 
of sleep apnea can change in HF patients with obstruc- 
tive or central sleep apnea when periodic breathing hap- 
pens because of modifications in wake and sleep pCO2, 
the length of periodic breathing cycle, lung to finger cir- 
culation time, and possibly by impaired heart function 
[42]. Circulation time increases in HF patients due to 
reduced cardiac output and results in delay in central 
chemoreceptor sensing of alterations in arterial pCO2 
[43]. These changes are associated with an alteration in 
apnea type and lead to appearance of central apneas. 

There is evidence of an association between sleep dis- 
turbances and CHD [44], and OSA has been demon- 
strated to increase the risk of CHD [5]. Sleep distur- 
bances [45,46.] and SDB [10,47] are associated with 

manifest HF. The sleep variables in our study a signifi- 
cantly differ among the patient groups with different 
NYHA functional class; being mostly disturbed in 
NYHA class III patients displaying moderate HF. We 
have found statistically significantly increased stage 1 
and wakefulness after sleep onset and significantly de- 
creased stages 3-4 and REM sleep without statistically 
significant modifications in total sleep time in patients 
with higher NYHA class. Therefore we suggest that both 
SDB and disturbed sleep variables independently sig- 
nificantly correlate with manifestation of HF.  

5. CONCLUSIONS 

The study demonstrated that SDB is more common in 
CHD patients with higher NYHA functional class. The 
prevalence of central sleep apneas against obstructive 
was observed in patients with mild and moderate HF. 
The number of central sleep apneas was strongly related 
to the severity of HF. 

Disturbed sleep architecture was observed in CHD pa- 
tients with higher NYHA functional class. A gradual in- 
crease of stage 1 and wakefulness after sleep onset and a 
decrease of sleep stages 3-4 and REM sleep as well as a 
diminution of sleep efficiency with worsening of HF 
were observed. 
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