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Aim: To demonstrate the eff ects of obstructive sleep apnea syndrome (OSAS) on baroregulatory function by using heart 

rate recovery (HRR) parameters. 

Materials and methods: Fift y-four moderate and severe OSAS patients were included in the study. HRR was defi ned 

as the diff erence in heart rate between peak exercise and 1 min later; a value of 18 beats/min was considered abnormal. 

OSAS patients were enrolled in the study as group 1 (normal HRR; n = 12) and group 2 (abnormal HRR, n = 42). Left  

ventricular ejection fraction (LVEF, %) and other parameters were also measured by echocardiography in both groups. 

Results: Th ere was no statistically signifi cant diff erence between group 1 and group 2 with regard to resting heart rate, 

or basic clinical and echocardiographic features (P > 0.05). Th e apnea-hypopnea index (AHI) was negatively correlated 

with the value of maximal heart rate during exercise (P < 0.05). In group 1, the mean age and coronary artery disease 

were signifi cantly lower (respectively, 55.68 ± 10.05, 60.50 ± 9.00 years; 47.2%  (n = 34), 80%  (n = 24): P < 0.05), whereas 

the mean values of LVEF and maximal heart rate during exercise were signifi cantly higher in comparison to group 2 

(respectively 52.13 ± 11.95%, 45.13 ± 11.74%; 141.42 ± 19.70, 121.17 ± 19.01/min).

Conclusion: Th ese results indicate that in OSAS baroregulatory function was impaired. Th is may show that barorefl ex 

dysfunction is correlated with OSAS. Th e routine inclusion of HRR in the prognostic assessment of patients with OSAS 

may be warranted.  
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Introduction 

  Obstructive sleep apnea (OSA) is a common disorder 
associated with an increased risk of cardiovascular 
disease and stroke. Previous studies showed 
increased mortality among patients with OSA (1). As 
it is strongly associated with known cardiovascular 
risk factors, including obesity, insulin resistance, and 
dyslipidemia, OSA is an independent risk factor for 
hypertension and has also been implicated in the 
pathogenesis of congestive cardiac failure, pulmonary 
hypertension, arrhythmias, and atherosclerosis. Th e 
diff erence in mortality was related to   the apnea-
hypopnea index (AHI) — the number of apnea and 
hypopnea episodes during 1 h of sleep. A worse 

prognosis was associated with AHI > 20 and 50 years 
of age.

Reduced cardiac autonomic function has 
been associated with cardiac vulnerability and 
may represent an important pathophysiological 
mechanism linking OSAS and risk of cardiac 
mortality. Th e mechanism of the cardiovascular 
complications of OSAS is still poorly understood, 
however. Hypoxemia and hypercapnia may lead to 
sympathetic overactivity and barorefl ex dysfunctions 
(2). Heart rate decrease aft er exercise is important as 
it is associated with mortality. It has been thought 
that the decrease in heart rate occurs as a result 
of reactivation of the parasympathetic system. 
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According to the protocol applied aft er the fi rst 
minute of the exercise test, expected reduction is ≥12 
beat/min if exercise is ended by slowing down and 
≥18 beat/min if exercise is ended suddenly (3). Th e 
term abnormal heart rate recovery is used for the 
results below these values and it has been shown in 
previous studies that this is an independent mortality 
predictor in patients with coronary artery disease 
and normal left  ventricular function.

Specifi cally, our study was conducted to 
demonstrate the baroregulatory function by using 
heart rate recovery aft er an exercise test among OSAS 
patients.  

Clinical material and methods 

Study population

Fift y-four consecutive OSAS patients (confi rmed 
by polysomnography, apnea-hypopnea index (AHI) 
≥ 15)) (30 male, 24 female) presenting to our clinic 
and who asked to undergo an exercise stress test were 
included in our study. OSAS patients were enrolled 
in the study as group 1 (normal HRR; n = 12; 7 males 
and 5 females; mean age, 49.9 ± 6.6 years) and group 
2 (abnormal HRR; n = 42; 23 males and 18 females; 
mean age,   42.0 ± 6.1 years).

Defi nition of hypertension was established as 
having a blood pressure of ≥140 mmHg and/or 
diastolic pressure of ≥90 mmHg or having a previous 
hypertension diagnosis. Using hypoglycemic agents 
and/or having fasting blood glucose of ≥126 mg/dL 
was suffi  cient for a diabetes mellitus diagnosis. In 
order to be diagnosed with coronary artery disease, 
history of myocardial infarction or epicardial 
coronary artery lesions having angiographic evidence 
or a history of unstable angina pectoris was a must. 
Patients were classifi ed as smokers if they had smoked 
regularly during the previous 1 year.

A complete physical and echocardiographic 
examination was performed before the study. All 
participants gave their informed consent, and 
the institutional review board approved the study 
protocol.  

Polysomnography

Polysomnography is the gold standard diagnostic 
tool for assessing sleep-disordered breathing. Full-

night polysomnography (PSG) was performed in all 
patients by a computerized system (Somnostar alpha; 
Sensormedics, USA) and included the following 
variables: electrooculogram, electroencephalogram, 
electromyogram of submental muscles, 
electromyogram of the anterior tibialis muscle of 
legs, an electrocardiogram, and airfl ow (with an 
oro-nasal thermistor). Chest and abdominal eff orts 
were recorded using inductive plethysmography and 
arterial oxyhemoglobin saturation by pulse oximetry 
with a fi nger probe. Arousals were scored according 
to accepted defi nitions based on the American Sleep 
Disorders Association criteria for measurements, 
defi nitions, and severity ratings of the Sleep Related 
Breathing Disorders Task Force Report (4). Obstructive 
apneas were defi ned as absence of airfl ow for longer 
than 10 s, and obstructive hypopneas as a 50% decrease 
in airfl ow or a clear but lesser decrease in airfl ow if 
coupled with either a desaturation of >3% or an arousal 
in the context of ongoing respiratory eff ort. Th e apnea-
hypopnea index (AHI) was defi ned as the number of 
obstructive apneas and hypopneas per hour of sleep. 
Patients with an AHI < 15 were assigned to the control 
group. Patients with an AHI ≥ 16 were considered as 
having OSAS. Patients with sleep disorders except 
OSAS, such as upper airway resistance syndrome 
(UARS), central sleep apnea syndrome (CSAS), 
periodic limbs movement (LPMs), or narcolepsy, were 
excluded. All records were scored manually for sleep 
stage, arousals, apneas, and hypopneas. 

Cardiopulmonary exercise test 

A symptom (dyspnea or fatigue) limited exercise test 
was done without asking the patients to stop taking 
their medications. Blood pressure was measured 
every 3 min before and during the test and also at the 
end of the test. Heart rate was measured at rest, once 
every 2 min of the test, during maximum exercise, 
and at the end of the fi rst minute of recovery aft er 
the test. Th e chronotropic response was calculated 
as (maximum heart rate – heart rate at rest)/(220 – 
age – heart rate at rest)) and ≤0.80 was regarded as 
chronotropic incompetence. Th e test was fi nished 
when maximum exercise exertion was achieved and 
patients were allowed to sit and rest without a cooling 
down period. Heart rate reserve was defi ned as the 
diff erence between maximum exercise heart rate 
and heart rate aft er 1 min of rest, and rates ≤ 18 were 
interpreted as abnormal values. 
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Statistical analysis

Parametric data were expressed as mean ± SD 

and categorical data as percentages. All statistical 

procedures were performed using SPSS 15.0. 

Parametric data were compared using Student’s 

t-test and categorical data with the chi-square 

test. Relations between the nicotine dependence 

index and HRR parameters were assessed by 

Pearson’s correlation coeffi  cient. A P value < 

0.05 was considered to be statistically signifi cant. 

 

 

Results

Clinical characteristics of both groups are shown 

in the Table. Th ere was no signifi cant diff erence 

between the groups in demographics of age, blood 

pressure, or body mass index (P > 0.05). Th e baseline 

heart rate tended to be signifi cantly higher in group 

2 than in group 1 (  82.25 ± 6.67 vs.   71.87 ± 7.44 beats/

min, P < 0.001).  

Heart rate at rest was 71.87 ± 7.44/min in group 

1 and 82.25 ±  6.67/min in group 2 (P > 0.05). 

Maximum heart rate of patients during the eff ort 

test was 141.42 ± 19.70/min and 121.17 ± 19.01/min 

in group 1 and group 2, respectively, and patients 

in group 1 had signifi cantly higher heart rates (P < 

0.001). A signifi cant negative correlation was found 

in the correlation test between maximum heart rate 
reached during the eff ort test and the value of AHI (r 
= –0.201; P < 0.05). Values obtained during the eff ort 
tests were 9.48 ± 2.28 and 8.36 ± 2.50 in group 1 and 
group 2, respectively, and the diff erence between 
these values was statistically signifi cant (P < 0.05). 
Average body mass index was 27.75 ± 3.71 in group 1 
and 26.15 ± 3.13 in group 2 (P < 0.05).

Th e proportion of those having coronary artery 
disease was 47.2% in group 1 and 80% in group 2; 
the diff erence between the groups with respect to the 
said parameter was statistically signifi cant (P < 0.05). 
Th e proportion of smokers was 27.8% in group 1 and 
40% in group 2, which is also a statistically signifi cant 
diff erence (P < 0.05).

Th e proportions of hypertension and diabetes 
mellitus were 50% (n = 36) and 6.9% (n = 5) in group 
1 and 43.3% (n = 13) and 10% (n = 3) in group 2, 
respectively. Regarding the said parameters, there 
was no signifi cant diff erence between the groups (P 
> 0.05).  

Discussion 

OSAS is a common disorder associated with an 
increased risk of cardiovascular disease and stroke. 
Previous studies showed increased mortality among 
patients with OSAS (1). OSAS is part of a spectrum 

Table. Th e comparison of general features, and echocardiographic and Holter parameters between 

group 1 and group 2. 

 
Group 1

(n = 64)

Group 2

(n = 30)
P value

Age (years)* 49.9  ±  6.6 42.0  ±  6.1 N.S.

Sex (male) % * 54.7% 53.3% N.S.

BMI (kg/m2)* 25.54  ±  3.17 24.86  ±  3.22 N.S.

Systolic BP (mmHg)* 110.17  ±  14.14 105.50  ±  11.32 N.S.

Diastolic BP (mmHg) * 65.70  ±  9.18 65.33  ±  6.68 N.S.

Heart rate (bpm) *   71.87  ±  7.44   82.25  ±  6.67 P < 0.001

LVEF (%) * 51.32  ±  5.23 51.92  ±  5.68 N.S.

LVEDD (cm) * 4.32  ±  0.31 4.28  ±  0.33 N.S.
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of sleep-related breathing disorders that includes 
snoring, upper airway resistance syndrome (increased 
respiratory eff ort without apnea or hypopnea), and 
central sleep apnea (CSA) (apnea without respiratory 
eff ort) (4).   OSAS is the combination of obstructive 
apneas with daytime tiredness or recurrent 
awakenings or gasping episodes (5). As it is strongly 
associated with known cardiovascular risk factors, 
including obesity, insulin resistance, and dyslipidemia, 
OSAS is an independent risk factor for hypertension 
and has also been implicated in the pathogenesis of 
congestive cardiac failure, pulmonary hypertension, 
arrhythmias, and atherosclerosis (6). OSAS is 
characterized by repetitive partial or complete closure 
of the upper airway during sleep. Acute physiologic 
stresses occur during these episodes of asphyxia, 
including arterial oxygen desaturation, surges in 
sympathetic activity, and acute hypertension. In a 
patient with moderate-to-severe OSAS, these cycles 
may occur hundreds of times a night. Th e association 
between OSA and cardiovascular disease was fi rst 
raised by observational studies linking snoring, a 
surrogate for OSAS, with increased cardiac events 
(7). Previous studies have demonstrated a clear 
relationship between the presence and severity of 
OSAS and both systemic hypertension and increased 
cardiovascular disease (8-10). OSAS is thought to play 
a role in the pathogenesis of systemic hypertension 
and congestive cardiac failure, as well as possibly 
acute coronary syndromes, pulmonary hypertension 
(PHT), arrhythmias, and cerebrovascular events (11). 
Previous studies showed that treatment of OSAS 
reduces cardiovascular mortality (12).

Recent studies have shown that heart rate 
recovery (HRR) has prognostic value in healthy 
volunteers and in coronary artery patients with 
preserved left  ventricular function (3,13-15). 
Moreover, delayed HRR measured during the 2 
min aft er maximal exercise has been suggested to 
be a predictor of all-cause mortality with respect to 
cardiovascular diseases in high-risk people (16,17). 
In normal people, cardiac output increases as a result 
of an increase in heart rate and pulse volume. Heart 
rate increases due to removal of vagal tonus and 
predominance of sympathetic tonus. Th e decrease in 
heart rate just aft er the exercise ends can be explained 
by re-activation of the parasympathetic system. 
Activation of the parasympathetic system not only 

causes a decrease in heart rate but also a decrease in 
myocardial response and occurrence of peripheral 
vasodilatation. Although factors regulating HRR 
are not known clearly, it has been thought that 
altered venous return, increased stretch of atrial 
receptors, and impaired balance of sympathetic/
parasympathetic stimulation balance in favor of the 
parasympathetic system are the main factors (18-20). 

Th e autonomic nervous system and barorefl ex 
dysfunctions may play the main roles in the 
development of cardiovascular diseases. HRR has 
been reported to be a useful tool with reproducibility 
suffi  cient to evaluate cardiac autonomic modulation. 
HRR impairment refl ects cardiac autonomic 
dysfunction, in particular impaired barorefl ex 
sensitivity and reduced parasympathetic activity. 
Impaired HRR is associated with an increased risk 
of mortality and susceptibility to life-threatening 
arrhythmias. In our study we found a strong correlation 
between OSAS and impaired HRR. Our results 
support previous studies (21-23). Maeder et al. found 
that the severity of OSAS expressed as higher AHI is 
independently associated with lower HRR, a measure 
of autonomic dysfunction. Th e common point of the 
underlying reason is mostly cardiac autonomic system 
dysfunction. Our fi ndings suggested that as the OSAS 
gets worse the cardiac rhythm disorders increase. 
Several previous studies have focused on the eff ect 
of OSAS on the cardiac autonomic system. Several 
investigators have reported that reduced heart rate 
variability (HRV) and heart rate turbulence (HRT) 
in OSAS subjects is a strong indicator for autonomic 
disturbances that may be involved in the mechanism 
promoting arrhythmias and sudden death in OSAS 
subjects (24-26). Park et al. (25) showed that the LF/
HF ratio can be an appropriate index estimating the 
severity of OSAS symptoms and that it can be a good 
candidate for a screening tool with oximetry for apnea-
hypopnea syndrome. Wiklund et al. (27) showed that 
the total HRV parameters were signifi cantly lower 
in OSAS than in healthy subjects. Syzmanowska 
et al. showed that HRT parameter abnormalities 
(especially TS) were observed in patients with proven 
OSAS (26). Roche et al. (28) found that the time 
domain parameters of HRV (SDNN and RMSSD) 
are decreased in severe OSAS when compared to 
mild OSAS. Together with the previous results, our 
fi ndings suggest that impairment of the cardiovascular 
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autonomic system in OSAS patient may be a possible 

component of the deleterious eff ect of OSAS.  

Limitation

Th e main limitation of our study seems to be the small 

sample size. Because the small sample size results in 

low statistical power for equivalency testing, negative 

results may be simply due to chance. However, it 

should be taken into account that establishing an 

OSAS group is diffi  cult. 

Conclusion

We think that the autonomic modulation of the heart 

is reduced in OSAS patients and it becomes apparent 

particularly during parasympathetic maneuver, and 

that the impaired autonomic cardiac control may in 

part explain the mechanism promoting arrhythmias 

and sudden death in OSAS subjects. To achieve a 

meaningful reduction in mortality, OSAS must be 

targeted for treatment. 
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