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Obstructive sleep apnea (OSA) is a common 
disorder characterized by multiple transient 
episodes of pharyngeal obstruction, result-
ing in repeated breathing interruptions, either 
partial (hypopneas) or complete (apneas) dur-
ing sleep. Although presenting predominantly 
with respiratory symptoms (snoring, choking 
and witnessed breathing interruptions) with or 
without tiredness or sleepiness, it is now well 
recognized that the most serious complications 
of OSA are cardiovascular, including arrhyth-
mias, systemic and pulmonary hypertension, 
coronary disease, heart failure, sudden death 
and stroke [1–6].

The finding of increased risk of sudden death 
during sleep in habitual snorers [5] was assumed 
to be due to the increased risk of OSA in such 
patients, and while the association between 
arrhythmias and sudden death in OSA is not 
clearly established, there is an increasing body of 
evidence suggesting that this may be the case [7]. 
This article focuses on our current understand-
ing of OSA with regard to its pathophysiology, 
associations with cardiac arrhythmias and effects 
of treatment, and aims to identify current con-
troversies and gaps in our knowledge of OSA 
and arrhythmias.

OSA: definitions & scope of the problem
Sleep-disordered breathing (SDB) consists of 
a spectrum of clinical disorders ranging from 
simple snoring and upper airway resistance 
syndrome (increased respiratory effort without 
apnea or hypopnea) to its more serious forms, 
including OSA and central sleep apnea (apnea 
or hypopnea without respiratory effort). OSA is 
the most common form of SDB, and is currently 
diagnosed by the ‘gold standard’, overnight poly-
somnography. Polysomnography was developed 
in the 1950s to study the physiology of sleep and 
its disorders [8]. The physiological parameters 
measured during polysomnography include sleep 
stages (by EEG), respiratory effort (as evidenced 
by chest and abdominal wall movement), nasal 
and oral airflow, arterial oxygen saturation, heart 
rate and rhythm, body position and limb move-
ments. These parameters allow us to determine 
the severity of OSA using the apnea–hypopnea 
index (AHI), which is defined empirically as 
the number of obstructive respiratory events per 
hour of sleep (mild OSA: AHI 5–15/h; mod-
erate: 15–30/h; severe: >30/h). The ‘severity’ 
of OSA may vary during the night, being more 
marked during rapid eye movement (REM) 
sleep in some patients, and may vary with body 
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position during sleep. The presence and type of breathing dis-
turbance during sleep is also affected by the onset of congestive 
heart failure. These traditional or accepted definitions of SDB are 
inherently arbitrary, almost certainly oversimplistic, and may not 
be appropriate for the cardiovascular consequences of OSA and 
cardiac arrhythmias in particular.

Obstructive sleep apnea is a common condition, with estimates 
from several large-scale population studies suggesting prevalence 
rates of approximately 20–25% and 10–28% in middle-aged 
men and women, respectively [9–11]. In addition, the prevalence 
rates increase with age in both sexes, such that with each 10-year 
increase in age, the odds ratio of having OSA is 2.2 [11]. Moreover, 
studies have indicated that approximately 75–80% of severe OSA 
patients remain undiagnosed [12], and this may actually be due to, 
among other things, the fact that most patients with OSA are not 
sleepy [9,10]. The prevalence rates are also expected to increase in 
the future owing to an aging population, and also because obesity, 
which is strongly associated with OSA, is increasing dramati-
cally in both children and adults [13]. The increasing prevalence 
rates and lack of symptoms in patients with OSA will undoubt-
edly present healthcare providers with significant challenges in 
an attempt to reduce morbidity and mortality from OSA. This 
situation is further compounded by difficulties with patient access 
to overnight polysomnography [14], but the development of sim-
pler and more cost-effective diagnostic tests should help overcome 
these challenges.

Pathophysiology
Normal sleep
The transition from wakefulness to non-rapid eye movement 
(NREM) sleep is accompanied by increases in parasympathetic 
nervous activity and reductions in sympathetic nervous activity 
and metabolic rate [15–17], which are associated with reductions in 
heart rate (HR), blood pressure (BP), systemic vascular resistance, 
stroke volume, cardiac output and a consequent reduction in myo-
cardial workload, with cardiac electrical stability being relatively 
increased. During the cyclical transition from NREM to REM 
sleep, the state of parasympathetic tone predominance is inter-
rupted by one in which sympathetic tone predominates and HR, 
BP, systemic vascular resistance, cardiac output and arrhythmo
genicity increase towards levels seen during wakefulness. Since 
adults spend 75–85% of their total sleep time in NREM sleep, 
sleep is generally considered a time of parasympathetic tone pre-
dominance and cardiovascular quiescence. Apneic episodes dis-
rupt this state of hemodynamic and autonomic stability. Repetitive 
apneic episodes lead to hemodynamic, autonomic, neuroendocrine, 
inflammatory and metabolic disruptions. Given the fact that we 
spend, on average, a third of our time asleep, it is not surprising 
that, apart from the acute effects, repeated apneic episodes from 
OSA can lead to adverse long-term cardiovascular effects.

Acute effects
The acute adverse cardiovascular effects from repeated obstruc-
tive apneic episodes are considered to be the result of three main 
pathological changes: hypoxemia, the generation of excessive 

negative intrathoracic pressure against an occluded pharynx 
and its effects on right and left ventricular (LV) function, and 
repeated arousals from sleep. The main effects of these changes 
include sympathetic nervous system activation, leading to surges 
in HR and BP, increased atrial and ventricular wall stress, myo-
cardial workload and myocardial oxygen demand (and possibly 
myocardial ischemia), as well as decreased myocardial contrac-
tility and cardiac output. All these changes may promote the 
development of arrhythmias (Figure 1).

Hypoxemia
Hypoxia, as a result of the obstructive apneic episodes, is a potent 
stimulant of the sympathetic nervous system via reflex mecha-
nisms. This increase in the sympathetic nerve activity (SNA) 
by hypoxia is amplified by increases in CO

2 
levels caused by the 

apnea [18]. The net effects of these changes are surges in both HR 
and BP that typically occur immediately after arousals in the 
postapneic ventilatory phase. The surges in BP and HR lead to 
increased myocardial workload and oxygen consumption, which 
are compounded by concomitant hypoxemia. In addition, hypoxia 
induces pulmonary vasoconstriction, leading to raised pulmonary 
arterial pressure and, consequently, increased myocardial work-
load [19]. The net effect on the heart and circulation is increased 
myocardial strain and depressed myocardial contractility [20].

Although hypoxia typically causes HR surges during arousal 
from sleep and the postapneic ventilatory phase, it has varying 
effects on HR depending on the balance between its sympathetic 
and parasympathetic stimulatory effects. During the apneic 
episode, the combination of hypoxia and an absence of airflow 
result in carotid body chemoreceptor stimulation, leading to reflex 
bradycardia via vagal afferents [21,22]. However, in the presence of 
airflow (e.g., during the postapneic ventilatory phase), hypoxia 
causes tachycardia, because stretching of the lung during venti-
lation leads to inhibition of parasympathetic outflow and allows 
unopposed sympathetic outflow to the heart [23]. Therefore, the 
effect of hypoxia on HR depends on the ventilatory phase and 
the balance between sympathetic and parasympathetic cardiac 
outflow. These oscillations in sympathetic and parasympathetic 
activity in OSA may predispose patients to the development of 
both tachy- and bradyarrhythmias.

Negative intrathoracic pressure
The negative intrathoracic pressure generated during inspiratory 
efforts against an occluded pharynx (Müller manoeuvre) can 
be significant, reaching as low as -80 cmH

2
O. The resultant 

reduction in stroke volume, and therefore cardiac output, is due 
to three main factors. First, the excessive negative intrathoracic 
pressure generated leads to acute increases in LV transmural pres-
sure as a result of the widening difference between the extra
cardiac and intracardiac pressures, which has the effect of acutely 
increasing LV afterload and reducing stroke volume  [24–26]. 
Second, venous return to the right heart increases, leading to 
right ventricular distension and, therefore, a leftward shift of 
the interventricular septum [27]. This results in an impairment of 
LV diastolic filling, and consequently stroke volume and cardiac 
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output. Third, the excessive negative intrathoracic pressure can 
directly impair LV relaxation, leading to further impairments of 
LV diastolic filling. The net effect of increased LV afterload and 
decreased LV preload and diastolic filling is a reduction in stroke 
volume and cardiac output that is proportional to the magnitude 
of negative intrathoracic pressure generated [28–32]. The adverse 
impact of these effects on afterload is further augmented by LV 
systolic dysfunction. Furthermore, the repeated acute increases 
in LV afterload, in combination with augmented SNA dur-
ing sleep and wakefulness, will lead to LV hypertrophy in the 
long term, contributing further to LV diastolic dysfunction, 
increases in left atrial filling pressure and left atrial enlargement 
[2,33–35]. All these changes serve to promote the development of 
cardiac arrhythmias.

Arousals from sleep
Arousals from sleep act as a protective mechanism for asphyxia-
tion from extended apneic episodes; they are triggered by hypox-
emia, hypercapnia and increased ventilatory effort, and lead to 
the activation of upper airway dilator muscles, thereby restoring 
airway patency [36]. Arousals contribute to surges in HR and BP in 
the postapneic ventilatory phase [37] in combination with increases 
in ventilation at termination of apnea [38]. These surges in SNA 
provide a potent stimulus to the development and persistence 
of arrhythmias.

Chronic effects 
The long-term effects of OSA are not well understood, although 
autonomic nervous system dysregulation with chronic sympathetic 
activation and the development of systemic hypertension have been 
implicated. This may lead to the develop-
ment of left atrial enlargement, LV hypertro-
phy, systolic and diastolic heart failure, and 
cardiac arrhythmias (Figure 1) [2,33–35,39–42]. 
In addition, there is evidence that OSA may 
result in a procoagulant and proinflamma-
tory state, leading to vascular dysfunction 
and an increased risk of thromboembolic 
cardiovascular events [43–45].

Autonomic nervous system dysregulation
Apart from changes in autonomic nervous 
system regulation during sleep, OSA also 
results in autonomic dysregulation dur-
ing wakefulness. This is characterized 
by increased SNA, reduced HR variabil-
ity, increased BP variability and blunted 
baroreceptor sensitivity [46–50]. Compared 
with healthy controls, patients with OSA 
have higher SNA during sleep and wake-
fulness  [46–48]. Although not completely 
understood, it is thought that repeated epi-
sodes of hypoxia lead to increased periph-
eral chemoreceptor sensitivity, thereby 
leading to increased cardiac sympathetic 

outflow even when patients with OSA are normoxic and awake. 
This increase in SNA is also thought to result in reduced HR 
variability. Moreover, this increased SNA may lead to the devel-
opment of systemic hypertension in OSA patients, although 
endothelial dysfunction may also contribute [51–55]. While under 
normal conditions, an increase in BP due to increased SNA leads 
to activation of the carotid sinus and aortic arch baroreceptors, 
resulting in reflex bradycardia via vagal afferents, the repetitive BP 
surges during sleep in OSA patients may lead to downregulation 
of baroreceptor sensitivity over time  [56], leading to reduced 
vagal-mediated inhibition and, therefore, increased SNA and BP 
variability. Treatment of OSA with continuous positive airway 
pressure (CPAP) therapy has been shown to improve BP in some 
but not all randomized trials, and normalize increased SNA by 
night and day [46,57]. 

Vascular endothelial dysfunction
Increased SNA, BP surges from repeated hypoxic episodes, 
increased oxidative stress and insulin resistance may all lead 
to endothelial dysfunction in OSA [43]. Increased endothelin-1 
release and depressed circulating nitric oxide levels have been 
implicated in this and may contribute to the development of 
systemic hypertension in patients with OSA [51–54]. In addition, 
patients with OSA have an increased prevalence of surrogate 
markers for atherosclerosis including increased carotid intima-
media thickness, carotid calcification, coronary calcification and 
subsequent presentations with coronary events [58–61]. Treatment 
with CPAP therapy in patients with OSA has also been shown to 
improve baseline endothelial nitric oxide release and systemic and 
pulmonary vascular endothelial function [43,62–64].

Acute effects
• Repetitive hypoxia and reoxygenation
• Repetitive hypercapnia
• Cyclical vagal and sympathetic 
  nerve activity

Atrial dilatation
• Increased RV and LV afterload
• Ventricular stretch (LV wall stress)
• Myocardial ischemia

Chronic effects
• Increased sympathetic nerve activity
• Increased pulmonary and systemic 
  blood pressure
• Proatherogenic and prothrombotic state

Adverse and atrial ventricular remodeling
• Atrial dilatation and hypertrophy
• Ventricular hypertrophy (concentric 
  or eccentric)
• Myocardial ischemia/infarction
• Systolic and diastolic heart failure

Proarrhythmic effects
• Atrial fibrillation, flutter or tachycardia
• Sinus bradycardia, sinus or AV block
• Ventricular ectopics, tachycardia or fibrillation

Figure 1. Cardiovascular pathophysiology of obstructive sleep apnea.
AV: Atrioventricular; LV: Left ventricle; RV: Right ventricle.

Obstructive sleep apnea: a novel trigger & potential therapeutic target for cardiac arrhythmias



Expert Rev. Cardiovasc. Ther. 8(7), (2010)984

Review

Proinflammatory state
Obstructive sleep apnea appears to be associated with a pro
inflammatory state. Elevations in C-reactive protein, TNF-a, 
IL-6 and IL-8 plasma levels have been reported in OSA patients 
and may be reduced by CPAP therapy [45,65,66]. The levels of 
expression of NF-kB and nitrotyrosine, which are markers of 
vascular inflammation, have also been shown to be elevated in 
OSA patients, and this elevation can be reversed with CPAP 
therapy  [63]. OSA also promotes the oxidation of lipoproteins, 
increases the expression of adhesion molecules and monocyte 
adherence to endothelial cells, and promotes vascular smooth 
muscle proliferation [67–70]. Indeed, this proinflammatory and 
oxidative state may be an important contributor to the develop-
ment of cardiovascular disease in OSA, and may be reversed with 
OSA treatment. 

Procoagulant state
In contrast to healthy controls, patients with OSA have significant 
increases in platelet aggregability overnight in association with 
elevated nocturnal catecholamine levels [44,71–73]. Treatment with 
CPAP therapy has been shown to reduce both platelet aggreg
ability and nocturnal catecholamine levels [44,72,74]. In addition, 
OSA patients have increased hematocrit levels (probably due 
to nocturnal hypoxemia), fibrinogen levels and blood viscos-
ity  [75–77]. This procoagulant state in patients with OSA may 
predispose to cardiovascular events, and account for the increased 
rate of cardiovascular events during sleep in OSA patients [7]. 

OSA & the metabolic syndrome
It is well known that obesity is associated with an increased risk 
of cardiovascular events, independent of traditional risk fac-
tors [78–80]. This may be explained in part by its association with 
a proinflammatory, oxidative, prothrombotic and proatherogenic 
state [78,81,82]. The clustering of other risk factors with obesity, 
including hypertension, insulin resistance and proatherogenic 
dyslipidemia, has been termed the metabolic syndrome or ‘syn-
drome X’. This risk factor cluster is significant as these individual 
risk factors may potentiate the effects of each other. However, an 
important confounding factor that interacts with central obesity 
and the metabolic syndrome is its strong links with OSA. 

Obstructive sleep apnea may lead to the development of both 
insulin resistance and to individual components of the metabolic 
syndrome, independent of the effects of obesity [83,84]. This close 

linkage between OSA and the metabolic syndrome led us to pro-
pose the term ‘syndrome Z’ to draw attention to this relation-
ship (Box 1) [85,86]. The metabolic syndrome is a proatherogenic, 
proinflammatory and, potentially, proarrhythmic state that is 
adversely impacted by concurrent OSA. 

Potential mechanisms linking OSA to arrhythmias
The acute and chronic autonomic and hemodynamic changes, 
myocardial ischemia, as well as changes in atrial and ventric-
ular structure and function, are all potent contributors to the 
development and persistence of cardiac arrhythmias (Figure 1).

Acute & chronic changes in the autonomic nervous system
The repetitive oscillations between sympathetic and para
sympathetic predominance in OSA during sleep, depending 
on the ventilatory phase of the apneic episode and the phase of 
sleep, provide the perfect milieu for the development of cardiac 
arrhythmias. When parasympathetic tone predominates, brady
arrhythmias may occur; when sympathetic tone predominates, 
both atrial and ventricular tachyarrhythmias may occur. In 
addition, atrial fibrillation (AF) may be triggered by both surges 
in vagal and adrenergic tone [87]; hence, acute autonomic fluc-
tuations in OSA may also predispose to the development of AF. 
Apart from the surges in SNA during these acute autonomic fluc-
tuations, OSA patients also have chronically raised SNA when 
awake  [46,48]. Both these factors may favor the development of 
ventricular arrhythmias and sudden cardiac death (SCD) during 
sleep and wakefulness.

Myocardial ischemia
The combination of increased SNA and hypoxemia in OSA leads 
to increased myocardial oxygen consumption and decreased oxy-
gen supply. This situation is compounded further by increases in 
HR, BP and afterload peaking during the postapneic phase [88], 
and is also caused by the acutely and chronically raised SNA 
and fluctuations in intrathoracic pressure. The net effect of these 
changes may be myocardial ischemia, which will undoubtedly 
predispose to a variety of cardiac arrhythmias. Furthermore, the 
procoagulant and proinflammatory state in OSA further pre
disposes to arterial thrombosis, myocardial ischemia and infarc-
tion; it is therefore intuitive that this state of heightened adrener-
gic, inflammatory and procoagulant activity may lead to increased 
risk of ventricular arrhythmias and SCD.

Changes in cardiac structure
The combination of repetitive fluctuations in HR, BP and intra-
thoracic pressure during sleep with increased SNA during sleep 
and wakefulness leads to significant left and right ventricular 
wall stress as well as remodeling of the heart over time, with the 
development of both LV and right ventricular hypertrophy, and 
systolic and diastolic heart failure [2,35,39–42]. This may lead to an 
increased risk of ventricular arrhythmias and SCD. The acute 
effects of OSA also directly affect the atria, leading to both acute 
and chronic atrial enlargement [33,34,42]. The development of dia-
stolic ventricular dysfunction in OSA may also contribute to this 

Box 1. Components of ‘syndrome Z’.

•	 Obstructive sleep apnea

•	 Hypertension

•	 Central (visceral) obesity

•	 Increased sympathetic nerve activity

•	 Insulin resistance/Type 2 diabetes

•	 Proatherogenic dyslipidemia

•	 Proinflammatory state

•	 Procoagulant state
Modified from [85].
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process. This notion is supported by reports of raised serum atrial 
natriuretic peptide levels and the symptom of nocturia in patients 
with OSA [89]. Furthermore, it has been reported that OSA may 
increase left atrial size independently of obesity, hypertension and 
diastolic dysfunction [34]. Such changes of atrial stretching and 
enlargement may lead to the development of atrial remodeling 
and fibrosis, and therefore to an increased risk of paroxysmal 
and persistent AF.

Arrhythmias in OSA
OSA & bradycardias
Studies on the prevalence of bradyarrhythmias in patients with 
OSA have yielded conflicting results, with some reporting no 
increase in rates [90,91] and others reporting rates of between 7 
and 50% [92–94]. Some of the possible reasons for the conflicting 
results include differences in the severity of OSA in the study 
patients and differences in the duration of cardiac monitor-
ing. One of the largest and earliest studies by Guilleminault 
et al. assessed 400 patients with severe OSA with polysom-
nography and 24-h Holter monitoring, and reported brady
arrhythmias occurring in 18% of the study patients [93]. A sub-
group of 50 patients with significant arrhythmias was restudied 
after tracheostomy and the previously documented arrhyth-
mias were abolished with the exception of frequent ventricular 
ectopic beats.

More recently, Becker et al. assessed 239 consecutive patients 
with OSA with polysomnography and 24-h Holter monitor-
ing [92]. They reported that 7.5% of these patients had significant 
bradyarrhythmias (i.e., second- or third-degree atrioventricular 
[AV] block, or sinus pauses >2 s). In addition, they found that 
the prevalence of bradyarrhythmias correlated strongly with 
OSA severity and degree of nocturnal desaturation, such that 
all patients with significant bradyarrhythmias had an AHI 60/h 
or more (accounting for 20% of this subgroup of patients). By 
contrast, studies by Flemon et al. [90] and, more recently, the Sleep 
Heart Health Study [91], which compared 228 patients with severe 
OSA with 338 subjects without OSA matched for age, sex, race 
and BMI, showed no increased prevalence rates of bradyarrhyth-
mia in OSA patients. In the latter study, cardiac monitoring was 
derived only from the overnight polysomnography [91]. Detection 
of arrhythmias using such a short period of monitoring is well 
known to be an insensitive method compared with longer dura-
tion recording methods such as implanted pacemakers, defibril-
lators or loop recorders. Given the night-to-night variability in 
OSA severity, it is possible that significant bradyarrhythmias may 
have been missed in this study. This possibility is confirmed by 
a study by Simantirakis et al., who studied 23 patients with at 
least moderate OSA with an implantable loop recorder [95]. They 
reported that 47% of these untreated patients had significant 
nocturnal bradyarrhythmias. The authors also used a 48-h Holter 
monitoring in this study and, in contrast, bradyarrhythmias were 
noted in only 13% of the patients. This suggests that the differ-
ence in the observed rate of bradyarrhythmias in OSA patients 
might be related to the extent of cardiac monitoring used in the 
various studies. 

Obstructive sleep apnea as a cause of bradyarrhythmias in these 
patients is supported by studies showing that CPAP therapy abol-
ishes the bradyarrhythmias in the majority of OSA patients [95–99]. 
These results are in keeping with other studies reporting normal 
or mild abnormalities in sinus node function and AV conduc-
tion during electrophysiological studies in patients with OSA 
and significant nocturnal bradyarrhythmias [94,100]. These mild 
conduction abnormalities were completely reversible with atro-
pine administration in most patients, which further supports the 
concept of increased parasympathetic tone in the pathophysiology 
of bradyarrhythmias in OSA patients [100,101].

In addition, Garrigue et al. reported that undiagnosed OSA 
was present in approximately half of patients with pacemakers 
implanted for symptomatic bradycardia, AV block or heart 
failure  [102]. There is therefore an argument that patients with 
bradyarrhythmias, especially those occurring predominantly 
during sleep, should also be screened for OSA. The notion that 
patients with OSA and bradycardia may be able to avoid pace-
maker implantation is fallacious, because if a patient has a clini-
cally important arrhythmia, CPAP or other treatments such as 
oral appliances, while highly effective, have inferior compliance 
rates compared with the compliance and efficacy rates for an 
implanted pacemaker. There are, however, other potential ben-
efits from treatment of OSA in patients with bradyarrhythmias, 
which include reducing the amount of ventricular pacing required 
and the burden of tachyarrhythmias such as AF, atrial flutter or 
ventricular arrhythmias.

The notion that atrial overdrive pacing (AOP) may reduce 
apneic episodes is interesting, as it is thought that suppressing 
periods of SDB-related bradycardia with AOP may help restore 
the autonomic balance disrupted by the repeated apneic episodes, 
thereby reducing SDB severity. This theory was supported by 
Garrigue et al., who reported that AOP significantly reduced 
the number of episodes of central or OSA without reducing the 
total sleep time [103]. However, subsequent studies have failed 
to find an improvement with AOP, or reported only marginal 
benefit of unknown clinical significance [104,105]. A recent meta-
analysis concluded that AOP may be effective in patients with 
central sleep apnea; however, the role of AOP in OSA remains 
unclear [106].

OSA & atrial arrhythmias
The relationship between OSA and AF was observed over 25 years 
ago from an observational study of 400 adults with moderate-to-
severe OSA who underwent ambulatory Holter monitoring [93]. 
Nocturnal episodes of AF were observed in 3% of these patients, 
and all patients who received definitive treatment of OSA had 
complete resolution of AF up to 6 months later. 

More recently, several studies have confirmed an increased 
prevalence of AF in OSA patients. Gami et al. prospectively stud-
ied 151 consecutive patients undergoing electrical cardioversion 
for AF and 312 consecutive patients without past or current AF 
referred to a general cardiology practice [107]. Both groups had 
similar age, gender, BMI, and prevalence of diabetes, hyper
tension and heart failure. They reported that the prevalence of 
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OSA was significantly higher in the AF group than in the general 
cardiology group (49 vs 32%), with an adjusted odds ratio for the 
association between AF and OSA of 2.2. 

The Sleep Heart Health Study compared 228 patients with severe 
OSA with 338 patients without OSA matched for age, sex, race 
and BMI [91]. Based on cardiac monitoring from overnight poly-
somnography, the authors found that 4.8% of patients with severe 
OSA had AF, as compared with only 0.9% of patients without 
OSA. Even after adjusting for age, sex, BMI and known coronary 
artery disease, the risk of AF in individuals with OSA was increased 
fourfold (Table 1). These results are further strengthened by reports 
from Stevenson et al. [108]. In this study, the authors compared 
90 patients with AF with 45 control patients without a history of 
AF. All patients had a structurally normal heart. They reported 
that the proportion of patients with at least moderate OSA was 
significantly higher in the AF group than in the control group (62 
vs 38%). In addition, the study also revealed a relationship between 
AF burden (in terms of frequency and duration of AF) and OSA, 
such that the proportion of patients with at least moderate OSA was 

significantly higher in those with high-frequency AF (i.e., >six epi-
sodes/year) as opposed to those with low-frequency AF (i.e., ≤six 
episodes/year), being 75 versus 43%, respectively (Figure 2) [108]. 

Apart from these cross-sectional studies, several longitudinal 
studies have reported that the presence of OSA predicts the risk 
of future AF [109,110]. Kanagala et al. assessed the risk of recur-
rent AF after electrical cardioversion in inadequately treated or 
untreated OSA [109]. In this study, 39 patients with a diagnosis of 
OSA from a previous sleep study were compared with 79 patients 
who did not undergo a previous sleep study. A total of 27 out of 
the 39 patients were identified as being untreated or receiving 
inadequate treatment of OSA. They reported that the recurrence 
of AF at 12 months in these 27 patients was significantly higher 
compared with either the treated OSA group (n = 12) or control 
group (n = 79; 82 vs 42 and 53%, respectively). Moreover, among 
the patients whose OSA was untreated, the nocturnal desaturation 
was greater in those who had recurrence of AF compared with 
those without. It is also possible that the reported modest efficacy 
of antiarrhythmic medications in the treatment of AF in many of 

the published trials [111–113] may in fact be 
confounded by the presence of undiagnosed 
and untreated OSA.

In a study that examined postoperative AF 
after heart surgery, Mooe et al. found that 
OSA predicted postoperative AF requiring 
therapy prior to hospital discharge, with a 
32% incidence of AF compared with 18% in 
the control group without OSA. They also 
found that the severity of oxygen desatura-
tion predicted AF independently of other 
factors [114].

More recently, Gami et al. prospectively 
followed 3542 patients who underwent a 
diagnostic overnight polysomnography 
without a past or current history of AF over 
a mean duration of 4.7 years [110]. They 
reported that, in patients under 65 years of 
age, the presence of OSA conferred a 2.2-
fold increased risk of development of AF 
over the study follow-up period. In addi-
tion, both obesity and OSA were indepen-
dent predictors of incident AF in subjects 
under 65 years of age.
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Figure 2. Atrial fibrillation burden increases with sleep apnea severity. 
AF: Atrial fibrillation; AHI: Apnea–hypopnea index. 
Reproduced with permission from [108]. Oxford University Press.

Table 1. Arrhythmia risk during sleep in severe sleep apnea (apnea–hypopnea index >30/h) in the Sleep 
Heart Health Study. 

Arrhythmia type OR (95% CI)

Unadjusted Adjusted for age, sex and BMI Adjusted for age, sex, BMI and CAD

Nonsustained VT 4.6 (1.5–14.6) 3.7 (1.1–12.2) 3.4 (1.0–11.2)

Complex ventricular ectopy 2.0 (1.3–3.0) 1.8 (1.2–2.8) 1.7 (1.1–2.7)

Atrial fibrillation 5.7 (1.6–20.5) 3.9 (1.0–14.9) 4.0 (1.0–15.7)

Data expressed as OR (95% CI).
AHI: Apnea–hypopnea index; CAD: Coronary artery disease; OR: Odds ratio; VT: Ventricular tachycardia.
Reprinted with permission from [91]. Copyright © American Thoracic Society.
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A recent study by Monahan et al. reported that, although the 
absolute risk of arrhythmia was low, the relative risk of paroxysmal 
AF during sleep was markedly increased (odds ratio: 18) shortly 
after a respiratory disturbance [115]. Schulz et al. also reported a 
case of paroxysmal AF occurring after a prolonged apneic episode 
with marked oxygen desaturation (Figure 3) [116]. These studies 
illustrate a direct temporal link between OSA events and the 
development of AF. They also suggest that the duration of apnea 
and degree of desaturation, rather than the ‘severity’ of OSA as 
defined by the AHI, may play a more important role in the devel-
opment of clinically important adverse cardiac effects, and that 
a single prolonged apneic episode may be enough to trigger an 
arrhythmia. Moreover, the ‘severity’ of OSA may vary from night-
to-night and according to sleep stage, and even apparently ‘mild’ 
OSA can have clinically significant cardiovascular consequences. 

The aforementioned concept is further supported by a study 
involving pregnant women with preeclampsia and upper airway 
resistance syndrome (heavy snoring without OSA or significant 
nocturnal desaturation), showing that CPAP therapy resulted in 
a reduction in sleep-induced BP increments [117]. Another study 
found that even individuals with ‘mild’ SDB (AHI: 5–15/h) had 

a greater than twofold increased risk of stroke [5]. These find-
ings suggest that even ‘milder’ forms of SDB may have adverse 
cardiac effects.

The association between OSA and ischemic stroke is also sig-
nificant, with a reported adjusted hazard ratio of at least 2 in all 
the major studies [5,118,119]. The Sleep Heart Health study, the larg-
est to date assessing OSA and stroke risk, prospectively followed 
5422 subjects with untreated OSA over a median of 8.7 years, and 
reported a strong adjusted association between ischemic stroke 
and AHI [119]. They also found that even a low-to-moderate AHI 
was associated with an increased stroke risk. Some of the possible 
mechanisms for this association include apnea-induced hyperten-
sion, hypercoagulability and proinflammatory state, all of which 
may lead to endothelial dysfunction, progression of atherosclero-
sis, carotid plaque rupture and thrombosis, as well as nocturnal 
cerebral hypoxemia.

A much more plausible explanation for the increased risk of 
stroke in OSA is the increased prevalence of AF, conferring an 
increased thromboembolic risk. This possibility has not been spe-
cifically addressed in the published studies on OSA and stroke 
risk [5,118,119]. Furthermore, LV dysfunction, even to a mild degree, 
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Figure 3. Paroxysmal atrial fibrillation occurring during sleep after a prolonged apnea with significant oxygen desaturation. 
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is associated with a nearly fourfold increased risk of stroke [120]. 
It is therefore also possible that LV dysfunction and heart fail-
ure caused by OSA can, in itself, promote the development of 
AF, thereby leading to an increased risk of stroke. Thus, OSA, 
AF and LV dysfunction are likely to be an adverse combination. 
Moreover, AF occurring in OSA patients is often paroxysmal, 
and can therefore be missed on cardiac monitoring. In fact, any 
patient presenting with an unexplained thromboembolic event 
should probably be assessed for possible OSA.

The impact of AF triggered by OSA is likely to be affected sub-
stantially by the presence and type of underlying heart disease. 
Hypertrophic cardiomyopathy (HCM), the most common inher-
ited cardiac condition, was recently reported to be associated with a 
high prevalence of OSA [121]. The adverse hemodynamic changes in 
LV preload, afterload and diastolic function in OSA can all lead to 
increases in LV outflow tract obstruction and symptomatic decline 
in patients with HCM. Apart from the importance of treating OSA 
in these patients to possibly prevent further disease progression 
through worsening hypertrophy and diastolic dysfunction, pre-
venting AF in these patients is also important as it is often poorly 
tolerated in HCM, and the onset of persistent or permanent AF 
often heralds a relentless functional decline in these patients.

Although OSA is associated with increased risk of AF, it is cur-
rently not known whether treatment of OSA will lead to a reduced 
risk of AF. Several observational studies suggest that risk of AF 
can be reduced by treatment of OSA [93,109]. Treatment of OSA by 
tracheostomy was shown to abolish nocturnal AF in 12 patients 
with severe OSA and nocturnal paroxysmal AF [93]. While tra-
cheostomy has not been the first-line therapy for OSA since CPAP 
was developed in the early 1980s [122], the significance of this mode 
of treatment is its high compliance and efficacy for the treatment 
of OSA when not associated with cardiac or respiratory failure. 
The recurrence of AF 12 months after electrical cardioversion was 
also compared between OSA patients treated and untreated with 
CPAP, and the study found that recurrence rates were drastically 
reduced with CPAP use, being 42 and 82%, respectively  [109]. 
A more recent study confirmed that CPAP therapy in OSA 
patients drastically reduced the occurrence of paroxysmal AF [123]. 
Randomized clinical trials are currently underway to answer this 
question more definitively.

While CPAP is effective in nearly all patients with OSA, compli-
ance is typically between 50 and 70% in usual clinical practice. 
This may be related, in part, to the fact the many patients with 
OSA are asymptomatic and not sleepy. As in other settings, assess-
ment of the impact of therapy requires that compliance and efficacy 
are measured, as treatment effects can be underestimated. Modern 
CPAP devices are often capable of recording these parameters. 

OSA & SCD
Seppala et al. first reported that a history of ‘habitual snoring’ 
obtained from relatives of the deceased subjects was associated 
with a significantly increased risk of early morning cardiovascular 
death compared with the general population in Finnish men, 
with an odds ratio of 4 [4]. More recently, another study assessed 
112 patients who had undergone a previous polysomnography 

and who died of SCD. In contrast to the general population, 
where the predilection of SCD peaks from 6 am to noon and has 
a nadir from midnight to 6 am [124], this study found a nocturnal 
predilection of SCD in patients with OSA [7]. From midnight to 
6 am, the authors found that SCD occurred in 46% of subjects 
with OSA, as compared with only 21% of subjects without OSA, 
16% of the general population, and the 25% expected by chance. 
In subjects with OSA, the relative risk of SCD from midnight 
to 6 am was 2.6, compared with the relative risk of 0.8 in non-
OSA subjects. This pattern is reversed for the time interval from 
6 am to noon, with the relative risk of SCD being 0.8 and 2.1 for 
OSA and non-OSA subjects, respectively (Figure 4). In addition, 
subjects who died from SCD between midnight and 6 am had a 
more severe OSA than those dying during other time intervals, 
and the severity of OSA correlated directly with the relative risk 
of SCD from midnight to 6 am.

The results from these studies suggest that OSA may be associ-
ated with increased risk of SCD, especially at night. There are 
three possible mechanistic explanations for this. First, hypoxemia, 
increased SNA, and the proinflammatory and procoagulant state 
caused by the apneic episodes may result in myocardial ischemia, 
thereby predisposing to nocturnal cardiac death. Indeed, there are 
several studies supporting this, describing an association between 
OSA and occurrence of nocturnal myocardial ischemia [125–127]. 
A recent study compared 21 symptomatic OSA patients with 
12  snorers (without hypersomnolence) and 15  healthy con-
trols, and found that OSA patients had a higher frequency of 
ST-segment depression episodes than snoring and control sub-
jects [128]. Moreover, ST-segment changes were found to be related 
to sympathetic tone and sleep fragmentation. Second, sinus arrest 
or AV block occurring while asleep during periods of parasym-
pathetic tone predominance in OSA can also lead to nocturnal 
sudden death. Third, an increased risk of ventricular arrhythmias, 
either as a result of nocturnal myocardial ischemia or increased 
SNA, may account for the increased risk of nocturnal SCD in 
OSA patients. Several studies support these findings, and report 
an increased risk of ventricular ectopy or nonsustained ventricular 
tachycardia (NSVT) in OSA patients [91,115].

The Sleep Heart Health Study reported that OSA patients 
had a significantly higher rate of ventricular arrhythmias com-
pared with non-OSA patients, being 5.3 versus 1.2%, respec-
tively, for NSVT, and 25 versus 14.5%, respectively, for complex 
ventricular ectopy [91]. Compared with those without OSA and 
even after adjusting for age, sex, BMI and known coronary artery 
disease, individuals with OSA had 3.4-times the odds of NSVT 
and almost twice the odds of complex ventricular ectopy (Table 1). 
Another more recent study reported that the odds of NSVT after 
an apneic episode was drastically increased, with an odds ratio of 
17.4 compared with that after normal breathing during sleep [115]. 
The findings from this study provided direct evidence of a rela-
tionship between apneic events and the development of ventricular 
arrhythmias, likely but not proven to be a casual one.

There are several studies reporting the benefit of OSA treatment 
and reduction of nocturnal myocardial ischemia and ventricular 
arrhythmias. Franklin et al. reported an abolishment of nocturnal 
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angina after treatment with CPAP therapy in all but one OSA 
patient [125]. These findings were confirmed by another study 
reporting that treatment with CPAP significantly decreased the 
nocturnal ST-segment depression time from 78 to 33 min  [129]. 
Ryan et al. conducted a randomized trial on 18 heart failure patients 
with OSA, and found that CPAP therapy, compared with placebo, 
was associated with a 58% reduction in premature ventricular 
ectopy, as well as a reduction in daytime systolic BP and increased 
LV ejection fraction and overnight urinary norepinephrine [130]. 
This is confirmed by a more recent study showing a reduction in 
premature ventricular ectopy in OSA patients treated with CPAP 
therapy [123]. It is possible, based on these studies, that the net ben-
efit from CPAP therapy may result in a reduced risk of nocturnal 
SCD in OSA patients. However, a recent small randomized study 
disputes these earlier findings, and suggests no difference in the 
rates of ventricular arrhythmias in unselected OSA patients treated 
with therapeutic CPAP therapy compared with subtherapeutic 
therapy [131]. Further randomized clinical trials with clinically 
relevant end points are needed to address this issue.

Conclusion
Obstructive sleep apnea is a prevalent condition that is increas-
ingly recognized to be associated with cardiovascular disease, 
including arrhythmias. The hemodynamic and autonomic 

changes caused by OSA promote a range of arrhythmias, includ-
ing bradyarrhythmias, AF and ventricular arrhythmias, and pos-
sibly confer an increased risk of SCD. Further trials are needed to 
establish the role of OSA treatment in reducing arrhythmic risk. 
Finally, increasing the awareness of the association between OSA 
and cardiovascular disease among cardiologists is vital to reduce 
cardiovascular morbidity and mortality.

Expert commentary & five-year view
Obstructive sleep apnea is a prevalent condition that remains 
underdiagnosed. Given the wide spectrum of potential cardio-
vascular complications of OSA, it is likely that diagnosis and 
treatment of OSA will become an integral part of the assess-
ment and treatment of patients with cardiovascular disease. 
Randomized controlled trials are also currently underway to 
determine the cardiovascular benefits of treating OSA. Given 
the fact that a considerable proportion of patients with severe 
OSA may be asymptomatic, it may be necessary for the diagno-
sis and treatment of SDB to be incorporated into pre-existing 
cardiovascular guidelines to change practice in this emerging 
area, especially in patients presenting with conditions such as 
refractory hypertension, premature coronary disease, arrhyth-
mias (especially AF), heart failure, stroke and unexplained 
thromboembolic events.
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