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Normal Sleep
Cardiovascular quiescence
BP drops
Heart rate & cardiac output decline Heart rate & cardiac output decline 
In REM sleep, blood pressure, heart rate, and 
cardiac output are typically 
Sinus arrhythmia (sinus pauses, 
heart block), and ventricular 

Normal Sleep
ardiovascular quiescence

Heart rate & cardiac output decline (NREM) Heart rate & cardiac output decline (NREM) 
In REM sleep, blood pressure, heart rate, and 
cardiac output are typically higher

inus arrhythmia (sinus pauses, Mobitz type I 
block), and ventricular ectopy 
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Cardiovascular Variability
•The cyclic hypoxemia caused by OSA results 

•Pulmonary vasoconstriction
•Bradycardia
•Decreased cardiac output•Decreased cardiac output
•Regional cerebral and myocardial vasodilation to 

preserve oxygen delivery

•Cardiac contractility & diastolic relaxation may 
be directly impaired by cyclic hypoxemia in OSA 

Cardiovascular Variability
The cyclic hypoxemia caused by OSA results in:

Pulmonary vasoconstriction

outputoutput
cerebral and myocardial vasodilation to 

delivery

diastolic relaxation may 
be directly impaired by cyclic hypoxemia in OSA 
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Oxidative Stress, Inflammation, and 
Endothelial Dysfunction
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Insulin Resistance
•Undiagnosed OSA is highly prevalent in 
•DM is significant independent predictor of OSA
• Increased sympathetic activity 

(common in OSA) are associated (common in OSA) are associated 
resistance & contribute to cardiovascular 

•Various studies show an association between insulin 
resistance and OSA, independent of 

• Increasing severity of OSA is associated with 
worsening glucose control. (

Insulin Resistance
OSA is highly prevalent in DM type 2.

independent predictor of OSA.
sympathetic activity & sleep disruption, 

associated with insulin associated with insulin 
contribute to cardiovascular disease.

association between insulin 
resistance and OSA, independent of obesity.

severity of OSA is associated with 
control. (Aronsohn et al)







Hypertension
50% of OSA patients are 
30% of hypertensive patients 
Mechanisms: Mechanisms: 
•Intermittent hypoxemia
•Sympathetic activation
•Alterations in the renin
system 

Hypertension
% of OSA patients are hypertensive

of hypertensive patients have OSA 

Intermittent hypoxemia
Sympathetic activation

in the renin-angiotensin 



OSA treatment effect 

CPAP reduces daytime blood 
BP drop is more in hypertensive 
patientspatients
Diastolic pressure > Systolic pressure
Severe hypertension benefits more 
than mild from CPAP 

OSA treatment effect on Hypertension

reduces daytime blood pressure
BP drop is more in hypertensive 

Diastolic pressure > Systolic pressure
Severe hypertension benefits more 
than mild from CPAP 





Heart Failure

2.4 times increased likelihood of 
having OSA with underlying heart 
failure failure 

Prevalence of OSA, 
patients with systolic dysfunction 

Heart Failure

increased likelihood of 
having OSA with underlying heart 

of OSA, 11%–37% in 
patients with systolic dysfunction 



Mechanisms of Heart Failure in OSA
Increased sympathetic drive to 
kidney
Increased aldosterone Increased aldosterone 
Increased LV afterload and wall 
Increased risk of myocardial 
Increased incidence of hypoxemia
pulmonary hypertension

Mechanisms of Heart Failure in OSA
sympathetic drive to heart & 

aldosterone secretionaldosterone secretion
afterload and wall stress

risk of myocardial infarction
incidence of hypoxemia-induced 

pulmonary hypertension



OSA treatment effect on HF
Kaneko et al – better EF 

Mansfield et al – better EF 

Smith et al – No effect on EF

lower mortality in patients with heart failure 
and OSA treated with CPAP

OSA treatment effect on HF
better EF 9%

better EF 5%

No effect on EF

lower mortality in patients with heart failure 
and OSA treated with CPAP





Pulmonary Arterial Hypertension (PAH)

Mild PAH

Mostly with co-existing chronic lung or Mostly with co-existing chronic lung or 
heart disease 

Cor pulmonale occurred predominantly in 
those who had daytime hypoxemia

Pulmonary Arterial Hypertension (PAH)

existing chronic lung or existing chronic lung or 

occurred predominantly in 
those who had daytime hypoxemia



Mechanisms of PAH in OSA
Cyclic hypoxemia increases 
pressures 
Co-morbidities (obesity & 
conditionsconditions
Recent clinical classification of PAH 
sleep-disordered breathing within the 
respiratory disorders associated with 

Mechanisms of PAH in OSA
Cyclic hypoxemia increases pulmonary artery 

morbidities (obesity & other respiratory 

clinical classification of PAH identifies 
disordered breathing within the 

respiratory disorders associated with PAH



OSA treatment effect on PAH
• Increased hypoxemia-induced pulmonary vascular 

reactivity in OSA patients

•CPAP has been shown to decrease this 

•Arias et al. –12 weeks CPAP 
compared to sham CPAP in OSA 

•No large & randomized trial for benefit of CPAP 
right ventricular function, and mortality

OSA treatment effect on PAH
induced pulmonary vascular 

has been shown to decrease this reactivity

weeks CPAP – 5 mmHg reduction in PAP, 
compared to sham CPAP in OSA patients

No large & randomized trial for benefit of CPAP on PAH, 
right ventricular function, and mortality





Acute Cardiovascular Events
Prevalence of OSA in patients with coronary artery disease (CAD) 
is about twofold greater than in patients without CAD

Severe OSA is associated with increased risk of fatal and non
cardiac events

Gami et al. – more than half of sudden cardiac deaths in patients 
with OSA occur during sleep

More studies are needed to determine whether OSA increases the 
overall risk of sudden cardiac death

Acute Cardiovascular Events
Prevalence of OSA in patients with coronary artery disease (CAD) 
is about twofold greater than in patients without CAD

Severe OSA is associated with increased risk of fatal and non-fatal 

more than half of sudden cardiac deaths in patients 

More studies are needed to determine whether OSA increases the 
overall risk of sudden cardiac death



OSA treatment effect on Cardiovascular Events
OSA treatment with CPAP reduces the incidence of 
cardiovascular events

recent prospective cohort study of 
followed over 6 years found that the treatment with CPAP followed over 6 years found that the treatment with CPAP 
was associated with a reduced likelihood of cardiovascular 
events 

Randomized trials verifying these apparent benefits of OSA 
therapy are still lacking

OSA treatment effect on Cardiovascular Events
reduces the incidence of 

recent prospective cohort study of 450 OSA patients 
years found that the treatment with CPAP years found that the treatment with CPAP 

was associated with a reduced likelihood of cardiovascular 

trials verifying these apparent benefits of OSA 





Cardiac Arrhythmias
Nocturnal arrhythmias may occur in 
patients
OSA arrhythmias are:
•Atrial fibrillation•Atrial fibrillation
•Non-sustained ventricular 
•Complex ventricular ectopy

60% of Patients with pacemakers placed for dilated 
cardiomyopathy have OSA 

Cardiac Arrhythmias
arrhythmias may occur in 50% of OSA 

ventricular tachycardia
ectopy

% of Patients with pacemakers placed for dilated 
cardiomyopathy have OSA 



OSA treatment effect on Arrhythmias
CPAP therapy reduces the incidence of 
nocturnal ventricular asystole and 
bradycardia in OSA patients

CPAP has been associated with reduced 
recurrence risk of atrial fibrillation after 
cardioversion as compared to untreated 
OSA

OSA treatment effect on Arrhythmias
CPAP therapy reduces the incidence of 
nocturnal ventricular asystole and 
bradycardia in OSA patients

CPAP has been associated with reduced 
recurrence risk of atrial fibrillation after 
cardioversion as compared to untreated 



Conclusion
Convincing data have revealed the deleterious effects of sleep
disordered breathing on cardiovascular health
There are still, however, gaps in scientific and clinical knowledge 
in this field.in this field.
Hypertension, heart failure, pulmonary arterial hypertension, 
acute cardiovascular events, and arrhythmias are the most 
important sequelae of OSA.
Treating OSA is beneficial in treatment and prevention mostly, but 
its long term benefit on survival and prognosis need more 
randomized trials to be determined.   

Conclusion
Convincing data have revealed the deleterious effects of sleep
disordered breathing on cardiovascular health.
There are still, however, gaps in scientific and clinical knowledge 

Hypertension, heart failure, pulmonary arterial hypertension, 
acute cardiovascular events, and arrhythmias are the most 

Treating OSA is beneficial in treatment and prevention mostly, but 
its long term benefit on survival and prognosis need more 
randomized trials to be determined.   




