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Abstract: 

Background: Obstructive sleep apnea (OSA) is a common sleep-related 

breathing disorder characterized by recurrent episodes of partial or complete 

upper airway obstruction during sleep, leading to intermittent hypoxia, 

hypercapnia, and sleep fragmentation. These pathophysiological changes trigger 

sympathetic nervous system activation, oxidative stress, systemic inflammation, 

and endothelial dysfunction, all of which contribute to cardiovascular morbidity. 

Increasing evidence links OSA to hypertension, arrhythmias, coronary artery 

disease, heart failure, stroke, and sudden cardiac death. Despite its high 

prevalence, OSA remains underdiagnosed, and untreated cases may accelerate 

the progression of cardiovascular disease (CVD) and worsen outcomes. 
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Introduction: 

Obstructive sleep apnea (OSA) is a highly prevalent sleep disorder characterized by recurrent 

episodes of upper airway obstruction during sleep, resulting in intermittent hypoxia, 

hypercapnia, and sleep fragmentation. Global prevalence estimates suggest that OSA affects 

up to one billion people, with higher rates observed among obese individuals, older adults, and 

men (1). 

The pathophysiological mechanisms linking OSA to cardiovascular disease (CVD) are 

multifactorial. Repetitive cycles of oxygen desaturation and reoxygenation lead to oxidative 

stress, systemic inflammation, and endothelial dysfunction, which promote atherosclerosis and 

vascular remodeling (2). 

Clinical and epidemiological studies have established OSA as an independent risk factor for 

several cardiovascular conditions, including hypertension, arrhythmias, coronary artery 

disease, heart failure, and stroke. These associations remain significant even after adjusting for 

traditional cardiovascular risk factors, underscoring the importance of OSA as a modifiable 

contributor to CVD burden (3). 

Treatment of OSA, particularly with continuous positive airway pressure (CPAP) therapy, has 

been shown to improve daytime symptoms and certain cardiovascular parameters. However, 

evidence regarding its long-term effect on major adverse cardiovascular events remains mixed, 

highlighting the need for further large-scale randomized controlled trials to guide optimal 

management strategies (4). 
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Obstructive sleep apnea (OSA), which causes sleep deprivation, intermittent hypoxia, and 

negative intrathoracic pressure swings, can be accompanied by other harmful 

pathophysiologies relating to cardiovascular diseases (CVD), including sudden death, atrial 

fibrillation, stroke, and coronary artery disease leading to heart failure (5). 

Endothelial dysfunction can be caused by oxidative stress, systemic inflammation, and 

sympathetic nervous activation. These factors are affected by SDB, such as intermittent 

hypoxia, sleep deprivation, and arousal). Inflammatory pathways triggered by intermittent 

hypoxia in OSA might also contribute to the development and progression of atherosclerosis. 

SDB severity is reportedly associated with endothelial dysfunction determined by flow-

mediated dilatation or arterial stiffness determined by cardio-ankle vascular index. With regard 

to cerebral artery, SDB-related oxidative stress and systemic inflammation promote increased 

intima-media thickness. Markers of oxidative stress and inflammation are associated with SDB-

related hypoxia and intima-media thickness (6). 

Patients with OSA without other known risk factors for arteriosclerosis have increased intima-

media thickness compared with those without OSA, and intima- media thickness is related to 

nocturnal hypoxia severity. Doubling of the AHI was associated with a 19% increase in 

coronary artery calcium in men aged < 65 years, and a 17% increase of the same parameter in 

women of all ages. It has been reported that SDB severity is significantly associated with 

coronary atherosclerotic burden severity (Gensini score), and reflected elevated troponin T 

as silent myocardial ischemia and minute myocardial injury, even in patients with stable CAD 

(7, 8). 

 

Fig. (1): Pathophysiology of the impact of sleep disordered breathing, OSA, on cardiovascular 

disease (9). 
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PAI-1, plasminogen activator inhibitor-1; ROS, reactive oxygen species; NO, nitric oxide; 

FMD, flow-mediated dilatation; IMT, intima-media thickness; PWV, pulse wave velocity; 

CAVI, cardio- ankle vascular index. 

Hypertension 

Up to 50% of OSA patients may have hypertension, and 30% of hypertensive patients will likely 

have OSA. Patients with untreated OSA followed over 4 years have a 2- to 3-fold increased risk 

of developing incident hypertension. OSA has been recognized as a particularly important likely 

causal factor in resistant hypertension and this may be important in those of African ancestry, 

a population with a high prevalence of unrecognized OSA, poorly controlled hypertension, 

and hypertensive complications (10). A recent systematic review and meta-analysis reported a 

significant association of essential hypertension with mild, moderate and severe OSA (p<0.05) 

(11). 

Cardiac arrhythmia 

The complex and dynamic substrate for arrhythmias induced by OSA, which is characterized 

by structural remodeling as well as transient apnea-associated electrophysiological changes, is 

summarized in Figure 2 (12). 

 

Fig. (2): Characteristic Home Sleep Apnea Testing Traces (A) Patient with OSA; (B) a 

patient with CSA, showing airflow, thoracic and abdominal wall movements, and Pa02 

(partial pressure of arterial oxygen). Note: desaturation is delayed in CSA because of long 

circulation time in heart failure (5). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/resistant-hypertension
https://www.sciencedirect.com/science/article/pii/S0735109721053201?via%3Dihub&fig3
https://www.sciencedirect.com/topics/medicine-and-dentistry/abdominal-wall
https://www.sciencedirect.com/topics/medicine-and-dentistry/abdominal-wall
https://www.sciencedirect.com/topics/nursing-and-health-professions/circulation-time
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Atrial fibrillation 

Patients with OSA show marked atrial structural changes and conduction abnormalities, 

without any changes in atrial refractoriness. OSA may also increase AF trigger formation in 

the pulmonary veins and elsewhere. Additionally, obstructive respiratory events may result in 

transient electrophysiological arrhythmogenic changes, which may explain the increased risk 

of nocturnal AF paroxysms temporally related to such events (13). In the VARIOSA- AF 

(Night-to-Night Variability in Severity of Sleep Apnea and Daily Dynamic Atrial Fibrillation 

Risk) study (Figure 3), the nights with more severe sleep apnea conferred a 2.3-fold increased 

risk of ≥1 h of AF during the same day compared with the best sleep nights (Figure 4) (14, 15). 

 

Fig. (3): The Complex and Dynamic Substrate for Arrhythmia Induced by Sleep Apnea. (Top) 

Sleep apnea–related pathophysiological changes resulting in acute transient 

electrophysiological changes (blue box) and chronic progressive cardiac remodeling processes 

(red box). (Bottom) Individual acute sleep apnea episodes cause transient apnea-associated 

peaks in arrhythmia risk (blue lines), but in the absence of an underlying structural substrate, 

the threshold necessary to trigger an arrhythmia (dashed black line) cannot be reached. 

However, in the presence of structural remodeling due to long-term sleep apnea and 

cardiovascular risk factors (red line), acute sleep apnea episodes can trigger arrhythmia (5). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/pulmonary-vein
https://www.sciencedirect.com/science/article/pii/S0735109721053201?via%3Dihub&fig4
https://www.sciencedirect.com/science/article/pii/S0735109721053201?via%3Dihub&fig5
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-ventricle-remodeling
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-ventricle-remodeling
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Fig. (4): Simultaneous Long-Term Day-by-Day Variation in Sleep Apnea and Episodes of AF. 

Patients with implanted pacemakers showed considerable night-to- night variation in sleep 

apnea severity, with a higher respiratory disturbance index (RDI) associated with an 

increasing risk of atrial fibrillation (AF) during the same day (15). 

The prevalence of SDB in patients with AF is higher (21%-74%) than in control subjects 

without AF (3%-49%). Also, severe OSA is associated with a lower response rate to 

antiarrhythmic drug therapy. OSA have a 31% greater AF- recurrence rate after pulmonary 

vein isolation than those without OSA. Moreover, CPAP use was associated with lower AF 

recurrences after cardioversion and lower AF recurrence rate after pulmonary vein isolation. 

Non-CPAP interventions may also be effective in reducing AF recurrence. Weight loss by 

behavioral changes or bariatric surgery, as well as alcohol abstinence, have beneficial effects 

https://www.sciencedirect.com/topics/nursing-and-health-professions/implanted-heart-pacemaker
https://www.sciencedirect.com/topics/medicine-and-dentistry/respiratory-disturbance-index
https://www.sciencedirect.com/topics/medicine-and-dentistry/respiratory-disturbance-index
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on OSA and have been shown to also promote the maintenance of sinus rhythm. AF may 

predispose to CSB through mechanisms similar to those in HF (with raised pulmonary vascular 

pressure triggering hyperventilation and hypocapnia through stimulation of pulmonary vagal 

irritant receptors, leading to respiratory system instability), or CSB may increase the propensity 

to AF by hypocapnia and increased electrical instability. Alternatively, autonomic dysfunction 

may predispose to both CSB and AF, as can be found in idiopathic CSB (16, 17). 

Ventricular arrhythmia 

Intrathoracic pressure swings during obstructive apneas contribute to changes in ventricular 

repolarization, and this along with sympathetic activation may represent mechanisms for 

increased risk of sudden cardiac death in OSA. An AHI of 20/h was an independent risk 

factor for incident sudden cardiac death in a study of more than 10,000 patients referred for 

polysomnography. Coexisting HF and sleep apnea increase the risk of developing malignant 

ventricular arrhythmia (18). Severe OSA also increases the risk of ventricular premature beats 

and nonsustained ventricular tachycardia, and nocturnal sudden cardiac death. Registry data 

show that treatment of CSB with servoassisted ventilation in HF patients with implantable 

cardioverter defibrillator devices decreases the use of implantable cardioverter- defibrillator 

therapies, although CVD (and all-cause) mortality was increased in a large randomized trial of 

this therapy (19, 20). 

Coronary artery disease 

OSA is associated with increased risk of coronary events. In an observational cohort of more 

than 1,400 patients, and after adjustment for traditional risk factors, OSA was associated with 

a 2-fold increase in risk of CVD events or death. The prevalence of undiagnosed severe OSA 

in patients with ST-segment elevation myocardial infarction (MI) was about 40%. In patients 

admitted with an MI without a prior diagnosis of OSA, those with OSA were far more likely to 

have had their MI during the nighttime, presumably because of the acute nocturnal hypoxic, 

adrenergic, and hemodynamic stress induced by obstructive apneas (20, 21). In a 4-year follow-

up of patients after MI, independent predictors of major adverse cardiovascular events (MACE) 

included severity of nocturnal hypoxemia and EDS. Patients with OSA have evidence 

of increased arterial stiffness, early atherosclerosis, coronary artery calcification, coronary 

plaque instability, and increased plaque vulnerability (21). 

Severity of coronary artery disease increased in those with moderate-to-severe OSA, 

independent of other risk factors. Acute pressor surges, hypoxemia, and adrenergic activation 

during apneic events may be implicated as triggers of cardiac ischemia or plaque rupture. There 

is a close temporal relationship between the hypoxemia of an obstructive apnea and the 

development of ST-segment changes and chest pain waking a patient from sleep (22). Rather 

than the AHI, it is the severity of nocturnal oxygen desaturation that appears to most strongly 

predict the development of nocturnal ST-segment depression in OSA patients. OSA is 

associated with increased mortality after an MI and with heightened CVD risk after coronary 

intervention. In more than 1,300 patients who underwent polysomnography, more than 45% 

had an AHI ≥15/h. OSA was independently associated with an increased risk of MACE. In a 

https://www.sciencedirect.com/topics/nursing-and-health-professions/thorax-pressure
https://www.sciencedirect.com/topics/medicine-and-dentistry/repolarization
https://www.sciencedirect.com/topics/medicine-and-dentistry/premature-ventricular-contraction
https://www.sciencedirect.com/topics/medicine-and-dentistry/premature-ventricular-contraction
https://www.sciencedirect.com/topics/medicine-and-dentistry/nonsustained-ventricular-tachycardia
https://www.sciencedirect.com/topics/medicine-and-dentistry/implantable-automatic-defibrillator
https://www.sciencedirect.com/topics/medicine-and-dentistry/implantable-automatic-defibrillator
https://www.sciencedirect.com/topics/medicine-and-dentistry/arterial-stiffness
https://www.sciencedirect.com/topics/medicine-and-dentistry/coronary-artery-calcification
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-muscle-ischemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-muscle-ischemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/thorax-pain
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxygen-desaturation
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subsequent meta-analysis of effects of OSA after percutaneous coronary intervention, OSA was 

found to increase the risk of MACE, but not of readmission for HF or of stroke (23). 

Heart failure 

SDB is common in HF, with prevalence rates of 50%-75% in HF with reduced ejection fraction 

(HFrEF) and HF with preserved ejection fraction. In acute decompensated HF, the 

prevalence is between 44% and 97%. Patients with HFrEF showed a strong association 

between SDB (either OSA or CSA) and obesity, male sex, AF, age, and poorer left ventricular 

(LV) systolic function. The prevalence of CSA increases as the symptomatic severity of the 

HF syndrome increases, and the severity mirrors underlying cardiac dysfunction. SDB is 

independently associated with increased mortality (24-26). 

Pulmonary arterial hypertension 

Acute hypoxia during episodes of OSA may increase pulmonary artery pressures transiently 

due to hypoxic vasoconstriction. To what extent these transient increases in pulmonary vascular 

resistance carry over into sustained vasoconstriction remains unclear. Although OSA may often 

coexist with pulmonary (or systemic) hypertension, it is unclear the extent to which the OSA 

drives this association. Nevertheless, it is important to identify pulmonary hypertension in 

patients with OSA, because such patients are at risk for increased mortality. The prevalence of 

pulmonary hypertension (pulmonary artery pressures ≥20 mm Hg) in patients with OSA has 

been reported to be around 20% in those regardless of coexisting lung disease (27, 28). 

Chronic thromboembolic pulmonary hypertension: (29) 

OSA promotes the release of inflammatory markers and activates the coagulation cascade, 

which increase the risk of acute thromboembolic events, and also predisposes patients to the 

development of CTEPH (chronic thromboembolic pulmonary hypertension). There is 

increased prevalence of sleep apnea in patients with acute pulmonary embolism and/or deep 

vein thrombosis.  

Obstructive sleep apnea-related hemodynamic alterations may result in venous stasis, increased 

thrombogenicity (on a vascular and molecular level), increased inflammatory insult and injury 

so fulfilling the criteria for the nomenclature of Virchow’s triad 

The development of CTEPH may be promoted by the persistence of thrombotic material in the 

circulation, stemming from inadequate/incomplete thrombus resolution. Chronic hypoxia and 

hypercapnia in OSA impair thrombus resolution due to inadequate fibrinolysis, persistent 

inflammation, vascular smooth muscle activation, accelerated adhesion molecule expression 

and platelet activation. 

OSA and right cardiac structure and function 

Obstructive sleep apnea syndrome can directly cause right ventricle (RV) systolic and diastolic 

dysfunction. (30) 

Hypoxia is a strong stimulus to pulmonary artery vasoconstriction, which causes increased 

pulmonary artery pressure and pulmonary vascular resistance and leads to adaptive changes of 

https://www.sciencedirect.com/topics/nursing-and-health-professions/percutaneous-coronary-intervention
https://www.sciencedirect.com/topics/nursing-and-health-professions/hospital-readmission
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-failure-with-reduced-ejection-fraction
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-failure-with-reduced-ejection-fraction
https://www.sciencedirect.com/topics/medicine-and-dentistry/heart-failure-with-preserved-ejection-fraction
https://www.sciencedirect.com/topics/medicine-and-dentistry/acute-decompensated-heart-failure
https://www.sciencedirect.com/topics/medicine-and-dentistry/acute-decompensated-heart-failure
https://www.sciencedirect.com/topics/medicine-and-dentistry/ejection-fraction
https://www.sciencedirect.com/topics/medicine-and-dentistry/systolic-function
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-artery-pressure
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-artery-pressure
https://www.sciencedirect.com/topics/medicine-and-dentistry/vasoconstriction
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-vascular-resistance
https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-vascular-resistance
https://www.sciencedirect.com/topics/medicine-and-dentistry/silo-fillers-disease
https://pubmed.ncbi.nlm.nih.gov/?term=%22Abbasi%20A%22%5BAuthor%5D
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RV. (31) 

RV diastolic dysfunction often occurs earlier than RV systolic dysfunction, dilation, and 

hypertrophy. 

 

 

Fig (5 ): Summary of the three main factors believed responsible for the increase the PAP 

observed in sleep apnea. 

Mortality 

Physician diagnosis of OSA predicted a 2.4 increase in mortality, and a higher CVD incidence, 

over 7.5 years in more than 5,000 participants in the MESA study (Multi-Ethnic Study of 

Atherosclerosis) who were free of known CVD at baseline. Associations are stronger for an 

AHI >30, with weaker or inconsistent associations for milder OSA (32). Among men, untreated 

severe OSA is associated with a 2.9-fold increased risk of fatal CVD events compared with 

untreated patients with mild or moderate OSA. Among women, the mortality rate was 3.5-fold 

higher in severe untreated OSA than in female control patients (33). Individuals with severe 

OSA had a 3-fold increased HR for all-cause mortality compared with those with no OSA, with 

somewhat higher estimates for CVD mortality (5). 

Predictive markers 

Several studies have reported that measures of overnight hypoxemia better predict mortality 

than the AHI—findings consistent with a central role of cyclical changes in oxygen saturation 

in contributing to inflammation, oxidative stress, and sympathetic nervous system activation. 

Polysomnographic parameters, such as the oxygen desaturation index (ODI), total sleep time, 

diastolic dipping of blood pressure, time of sleep below 90% saturation (T<90%), arousal index, 

and pulse rate variability per hour, play a pivotal role in the comprehensive assessment of 

https://www.sciencedirect.com/topics/medicine-and-dentistry/oxygen-saturation
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-stress
https://www.sciencedirect.com/topics/medicine-and-dentistry/sympathetic-nervous-system
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cardiovascular complications in patients with sleep-disordered breathing (34-36). 

Oxygen desaturation index (ODI) represents a measure of the frequency and severity of oxygen 

desaturation events during sleep. It quantifies the number of times per hour of sleep that the 

oxygen saturation drops by a certain percentage from the baseline. Higher ODI values indicate 

a greater burden of oxygen desaturation events and are associated with an increased risk of 

cardiovascular complications, including hypertension, coronary artery disease, and stroke (37, 

38). 

Total sleep time refers to the duration of sleep during the PSG study. Inadequate  or  disrupted  

sleep  due  to  SDB  can  have  negative  effects  on cardiovascular health. Sleep deprivation 

and poor sleep quality are associated with increased sympathetic activity, inflammation, and 

endothelial dysfunction, which contribute to cardiovascular complications (39, 40). 

Furthermore, Diastolic dipping of blood pressure refers to the physiological decrease in blood 

pressure during sleep compared to wakefulness. Impaired blood pressure dipping during sleep 

is commonly observed in individuals with SDB. Non- dipping or reverse dipping patterns, 

where blood pressure remains elevated during sleep, are associated with an increased risk of 

cardiovascular diseases, including hypertension, left ventricular hypertrophy, and stroke (41, 

42). 

T<90% represents the duration of time spent with oxygen saturation below 90% during sleep. 

Prolonged periods of oxygen deprivation during sleep can lead to oxidative stress, endothelial 

dysfunction, and increased sympathetic activity, all of which contribute to cardiovascular 

complications. Monitoring T<90% helps assess the severity of hypoxemia and its potential 

impact on cardiovascular health (43). Moreover, the arousal index measures the frequency of 

arousals from sleep caused by respiratory events, limb movements, or other disruptions. In 

patients with SDB, frequent arousals disrupt sleep architecture, impair sleep quality, and 

contribute to cardiovascular complications. Sleep fragmentation due to frequent arousals is 

associated with increased sympathetic activity, inflammation, endothelial dysfunction, and 

metabolic abnormalities (43, 44). 

Pulse rate variability (PRV) measures the variation in heart rate intervals. Increased PRV is 

observed in patients with SDB and is associated with autonomic dysfunction. PRV reflects 

the balance between sympathetic and parasympathetic activity. In individuals with SDB, the 

recurrent apnea and hypopnea events lead to sympathetic activation and fluctuations in heart 

rate. Increased PRV is a marker of increased sympathetic tone and is linked to cardiovascular 

morbidity and mortality (45-48). 

In over 10,000 Canadian patients followed for a median of 68 months, AHI did not predict 

mortality; but by contrast, a 58% increased mortality was associated with T<90 of 9 min 

compared with 0 min. Mortality was also associated with other indices of sleep disruption, 

including periodic leg movements, numbers of awakenings, and a short sleep time (49). In a 

prospective analysis of more than 10,000 individuals in another cohort followed for an average 

of 5.3 years, patients with significant nocturnal hypoxemia had a nearly 2-fold increase in the 

risk of sudden cardiac death after potential confounders had been considered (50). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/periodic-limb-movement-disorder
https://www.sciencedirect.com/topics/medicine-and-dentistry/sudden-cardiac-death
https://www.sciencedirect.com/topics/medicine-and-dentistry/afterdischarge
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Another large prospective study of older men demonstrated, not only that increased T<90 

predicted mortality, but that this association was partially mediated by an elevation in 

inflammatory mediators (51). Other indices of hypoxemia during sleep also have been 

identified as potentially potent predictors of mortality, supporting the use of oximetry-based 

measures for risk stratification (35, 52, 53). 

Analyzing these PSG parameters with a focus on ODI, total sleep time, diastolic dipping of 

blood pressure, T<90%, arousal index, and pulse rate variability per hour allows for a 

comprehensive assessment of cardiovascular complications in patients with SDB. These 

parameters provide insights into the severity of SDB, the degree of hypoxemia and sleep 

disruption, and the impact on cardiovascular health (35, 36, 43, 54). 
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