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subspecialties[10-12] since cyclic variation in heart 
rate is considered typical in SDB. Cardiac 
arrhythmias are presumed to be a common 
problem in patients with OSA, although the 
true prevalence and clinical relevance of cardiac 
arrhythmias remain unknown. The presence 
and complexity of tachyarrhythmias and 
bradyarrhythmias may influence morbidity, 
mortality and the quality of life for OSA  
patients [13,14] Although the exact mechanisms 
underlying the link between OSA and cardiac 
arrhythmias are not well established, they could 
be some of the same proposed mechanisms 
relating OSA to different cardiovascular diseases. 
OSA leads to a repetitive pharyngeal collapse 
during sleep, followed by oxyhemoglobin 
desaturation, persistent inspiratory efforts 
against an occluded airway, and termination 
by arousal from sleep.[15] These mechanisms 
elicit a variety of autonomic, hemodynamic, 
humoral and neuroendocrine responses that by 
themselves evoke acute and chronic changes in 
cardiovascular function. These effects may lead 
to the development of cardiac arrhythmias or 
other form of cardiovascular diseases linked 
to OSA.[16-18] The most common arrhythmias 
during sleep include nonsustained ventricular 
tachycardia, sinus arrest, second degree 
atrioventricular conduction block and frequent 
(>2 bpm) premature ventricular contractions.[19-23]

Sleep-disordered breathing (SDB) describes 
a group of disorders characterized by 

abnormalities in the frequency and/or depth of 
breathing while asleep. The major risk factors for 
SDB include obesity, male gender, increasing age 
and abnormalities of craniofacial morphology.[1,2] 
The different types of SDB include obstructive 
sleep apnea (OSA)/hypopnea syndrome 
(OSAHS), obesity hypoventilation syndrome, 
central sleep apnea, upper-airway resistance 
syndrome and Cheyne–Stokes respiration.[3,4] 
Obstructive sleep apnea syndrome (OSAS), the 
most extreme variant of SDB, is characterized 
by intermittent episodes of partial or complete 
obstruction of the upper airway during sleep, 
which disrupts normal ventilation and sleep 
architecture and is typically associated with 
snoring and daytime sleepiness.[5-8] It affects 
4% of men and 2% of women aged 30-65 years, 
making it at least as common as type I diabetes.[9] 
A diagnosis of OSAS is accepted when a patient 
has an apnea–hypopnea index (AHI; number of 
apneas and hypopneas per hour of sleep) >5 and 
symptoms of excessive daytime sleepiness based 
on polysomnographic examinations.[1]

Over the last decade, the association between 
OSA and cardiac rhythm disorders has garnered 
the attention of researchers from different clinical 
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The incidence and prevalence of arrhythmias in the setting 
of SDB are poorly defined due to smaller number of studies 
and inadequate control for potential confounders.[24-27] Despite 
the biological plausibility for OSA-associated hypoxemia, 
arousals and autonomic nervous system dysregulation to 
cause generation of abnormal cardiac electrophysiologic 
impulses, few studies have rigorously characterized the 
association between OSA and cardiac arrhythmias. Therefore, 
controversy still remains as to whether OSA is a primary 
etiologic factor for tachyarrhythmias, due to high incidence of 
cardiovascular comorbidities in patients diagnosed with OSA. 
The prognostic significance of arrhythmias occurring during 
OSA is also unknown. It is still not clear whether treatment of 
OSA or arrhythmias has a significant impact on cardiovascular 
morbidity and mortality.

This review of literature summarizes a broad array of the 
pathophysiological mechanisms underlying the relationship 
between OSA and cardiac arrhythmias and the extent of this 
association from an epidemiological perspective, thereby 
attempting to assess the effects of OSA treatment on the 
prevalence of cardiac arrhythmias.

Epidemiology

OSAS is a common breathing disorder, affecting approximately 
2%-4% of total population, the prevalence in men being almost 
twice that of women.[28-30] The prevalence of undiagnosed 
OSAS is up to 5% for adults in Western countries.[31] There 
are many different types of arrhythmias linked to OSAS. 
Cardiac arrhythmias such as atrial and ventricular premature 

extrasystoles, nonsustained ventricular tachycardia, sinus 
arrest and second-degree atrioventricular conduction block 
are reportedly 30%-50% in patients with OSA and increase 
with the number of apneic episodes and severity of the 
associated hypoxemia.[32-34] Other tachyarrhythmias, such as 
persistent supraventricular tachycardia, atrial fibrillation or 
flutter, and ventricular arrhythmias, particularly sustained or 
nonsustained ventricular tachycardia are more likely to occur 
in the setting of pre-existing structural heart disease.[35] Initial 
isolated case reports hinted at an association between OSA and 
bradyarrhythmias.[36] The most common arrhythmias during 
sleep including nocturnal arrhythmias have been shown to 
occur in up to 50% of OSA patients. The prevalence of atrial 
fibrillation (AF) is 0.4% in the general population and >6% for 
population over 80 years.[37] On the basis of an obstructive apnea 
frequency, in middle age, 24% of men and 9% of women have 
OSA.[38] However, there is a wide discrepancy in the reported 
prevalence of all types of cardiac arrhythmias in OSA.[39,40] 
Moreover, conclusions as to whether arrhythmias are more 
common among those with SDB are conflicting.[39,40] Table 1 
summarizes various studies relating prevalence of OSA and 
cardiac arrhythmias.

From various data, it appears that arrhythmias were more 
common in SDB patients who have severe nocturnal 
hypoxemia during rapid eye movement sleep.[40] A recent 
study among patients who had undergone successful 
cardioversion for atrial fibrillation demonstrated an 82% rate 
of recurrence over a 12-month period in contrast to 42% and 
53% rates of recurrence among OSA patients treated with 
continuous positive airway pressure (CPAP) and controls 

Table 1: Prevalence studies of cardiac arrhythmias and obstructive sleep apnea
Studies Subjects Outcomes/Prevalence
Tilkian et al.[45] 15 Marked sinus arrhythmia in14 patients

Extreme sinus bradycardia in 6
Asystole in 5
Second-degree atrioventricular block in 2
Ventricular arrhythmias--complex premature ventricular beats in 10
Ventricular tachycardia in 2 patients

Guilleminault et al.[22] 400 Bradyarrhythmias in 18% of patients
Sustained ventricular tachycardia in 2%
Sinus arrest in 11%
Second-degree atrioventricular block in 8%
Frequent premature ventricular contractions in 19%

Flemons et al.[39] 263 Complex ventricular ectopy (including ventricular tachycardia) in 1.3% of patients
Frequent ventricular premature beats (>30/h) in 2.6%
Second-degree atrioventricular block in 1.3%
Sinus arrest in 5.2% patients

Becker et al.[46] 239 Sinus arrest and atrioventricular (AV) block in 30% of patients
Mooe et al.[47] 121 Atrial fibrillation (AF) in 32% of patient with apnea–hypopnea index (AHI) >5 or =5 and in 

18% patients with AHI <5
Atrial fibrillation in 39% of patients with oxygen desaturation index (ODI) >5 or =5 and in 
18% of patients with ODI <5

Javaheri et al.[48] 81 Atrial fibrillation in 32% of patients
Simantirakis et al.[50] 23 Rhythm disturbances in 48% of patients
Gami et al.[51] 524 OSA more prevalent in patients with AF (n = 151) than in high-risk patients with multiple 

other cardiovascular diseases
Porthan et al.[52] 115 Sleep apnea syndrome common in lone AF
Mehra et al.[18] 566 Atrial fibrillation in 4.8% of patients

Nonsustained ventricular tachycardia in 5.3%
Complex ventricular ectopy in 25.0% of patients
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who did not undergo a sleep study, respectively.[41] The role 
of OSA as an independent risk factor for cardiac arrhythmias, 
particularly for life-threatening arrhythmias is still unresolved. 
Successful treatment for OSA with CPAP seems to decrease  
arrhythmias.[42] However, no study has addressed the 
independent role of OSA on arrhythmic death as opposed to the 
confounding effect of coexisting diabetes and cardiovascular 
disease.[43] For the relationship between OSA and arrhythmias 
to be clarified, carefully designed prospective studies are 
necessary.

OSA in Children

In children, OSAS is characterized by central hypoventilation 
and disorders of respiratory muscles. Children with comorbid 
conditions, such as genetic syndromes that may alter airway 
anatomy, central control of breathing, or respiratory muscle 
function represent a large percentage of pediatric patients 
presenting to pediatric sleep centers with OSA. OSA in children 
is frequently due to adenotonsillar hypertrophy with airway 
narrowing, with only a modest role for obesity. However, 
there is scarcity of literature pertaining to the estimation of 
cardiovascular risk from OSA in children.[44]

Evidences Linking Sleep Apnea with Cardiac 
Arrhythmias

The association between OSAS and arrhythmias was first 
documented over 30 years ago. In a small study conducted by 
Tilkian et al., the effect of atropine and tracheostomy on cardiac 
arrhythmias during wakefulness and sleep in 15 patients with 
sleep-induced obstructive apnea were studied by continuous 
overnight Holter electrocardiographic, respiratory and 
electroencephalographic recordings.[45] Sleep was associated 
with marked sinus arrhythmia (93%), extreme sinus bradycardia 
(40%), asystole (33%), second degree atrioventricular (A-V) 
block (13%), ventricular arrhythmias--complex premature 
ventricular beats (66%) and ventricular tachycardia (13%). 
Arrhythmias during wakefulness were limited to premature 
ventricular beats (40%). The results showed marked sinus 
arrhythmia during sleep as a characteristic of OSA, frequently 
accompanied by potentially life-threatening tachyarrhythmia 
and bradyarrhythmia.

Guilleminault et al. studied 400 patients with OSA; of 
these, 48% had documented cardiac arrhythmias, including 
bradyarrhythmias in 18%, sustained ventricular tachycardia 
in 2%, sinus arrest in 11%, second-degree atrioventricular 
block in 8% and frequent premature ventricular contractions 
in 19%.[22] The mean number of apneic events, age, weight and 
lowest oxygen saturation during sleep were not significantly 
different in those with arrhythmias as compared with 
those with conduction disturbances. The most significant 
abnormalities were unsustained ventricular tachycardia in 
8 patients, sinus arrest that lasted for 2.5-13 seconds in 43 
patients, and second-degree atrioventricular conduction block 
in 31 patients. Seventy-five patients had frequent (>2 beats/
min) premature ventricular contractions during sleep. Fifty 
patients with significant arrhythmias had a tracheostomy and 
were monitored again after surgery. However, no arrhythmias, 
except for premature ventricular contractions, were present in 
these patients after surgery.

In contrast to the above findings, Flemons et al. observed the 
prevalence of arrhythmias in 263 physician-referred patients 
in determining a relationship between cardiac arrhythmias 
and sleep apnea.[39] The prevalence of arrhythmias in patients 
with and without sleep apnea was: complex ventricular ectopy 
(including ventricular tachycardia)-1.3% versus 4.1%; frequent 
ventricular premature beats (> 30/h)-2.6% versus 6.2%; second-
degree atrioventricular block-1.3% versus 4.1% and sinus 
arrest- 5.2% versus 1.0%. The differences were statistically 
insignificant and the presence or absence of arrhythmias 
seemed to be unrelated to sleep apnea severity.

To explore these seemingly discrepant results, Becker et al. 
performed Holter monitoring in 239 consecutive patients 
diagnosed with sleep apnea using a validated ambulatory 
recording device based on the measurement of heart 
rate, oxygen saturation (SaO2), snoring sound, and body 
position.[46] The observations indicated that bradycardic 
arrhythmias occurred exclusively during apneas and 
hypopneas and were not found during hyperventilation, 
thereby signifying a clear link between bradycardic arrhythmias 
and apnea severity.

The 1995 Becker study was followed by another observational 
study conducted by Mooe et al., wherein they hypothesized that 
preoperatively diagnosed SDB with nocturnal hypoxemia was 
an independent predictor of atrial fibrillation after coronary 
bypass surgery.[47] 

Javaheri et al. studied 81 ambulatory male patients with stable 
heart failure without major comorbid disorders. Of these, 51% 
suffered from sleep-related breathing disorder, of which 40% 
from central and 11% from OSA.[48] Patients with sleep apnea 
had a significantly higher prevalence of AF and ventricular 
arrhythmias. Similarly, patients with an AHI ≥5 undergoing 
coronary artery bypass surgery were found to have a higher 
incidence of postoperative AF (32% vs. 18% in patients without 
SDB).

Continuous cardiac monitoring with an atrial defibrillator 
showed that onset of nearly 75% of episodes of persistent atrial 
fibrillation occurred between 8 pm and 8 am, which could 
partially be explained by the presence of OSA.[49] 

In an elegant study, Simantirakis et al. inserted loop recording 
devices in 23 patients with OSAHS in whom other cardiac and 
pulmonary diseases were first excluded through exercise tests, 
invasive electrophysiological studies, echocardiography and 
lung function tests; patients with diabetes were excluded.[50] 
Over 2 months of continuous recording, 48% had significant 
rhythm disturbances, mostly occurring at night. They also 
noted that 48-h Holter monitoring was not able to detect 
bradyarrhythmic events. Gami et al. prospectively studied 
consecutive patients undergoing electrocardioversion for AF 
(n = 151) and consecutive patients without past or current 
AF referred to a general cardiology practice (n = 312).[51] The 
presence of OSA was determined by the Berlin questionnaire, 
a validated questionnaire to identify individuals at high risk 
to OSA. The proportion of patients with OSA was significantly 
higher in the AF group than in the general cardiology group 
(49% vs. 32%). The novel finding of this study was that a strong 
association exists between OSA and AF, such that OSA was 
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strikingly more prevalent in patients with AF than in high-
risk patients with other multiple cardiovascular diseases. In 
contrast, a smaller Finnish study, using objective sleep studies 
(AutoSet Portable II Plus device), disagreed with the previous 
findings and actually found no difference in the prevalence of 
OSAHS in 59 patients with lone AF compared with 56 controls 
matched for age, gender and cardiovascular morbidity.[52]

A subgroup analysis of the Sleep Heart Health Study revealed 
a fourfold increase in the prevalence of AF in subjects with an 
AHI >30 as compared with patients with no SDB matched for 
age, sex, ethnicity and BMI.[18] A significant relation was also 
observed between SDB and the number ventricular ectopic 
per hour.

To summarize the above findings, it can be rightly stated 
that individuals with severe SDB were found to have two- 
to fourfold higher odds of complex arrhythmias than those 
without SDB.

Pathophysiological Mechanisms of Arrhythmias  
in OSA

Although an understanding of the exact mechanisms is not well 
established, there are several possible mechanisms by which 
arrhythmias would occur more commonly or be more severe 
in the presence of OSA [Figure 1]. 

OSA is responsible for repeated blood oxygen desaturations 
and concomitant increase in arterial carbon dioxide levels 
due to dysfunction in baroreflex[53,54] and chemoreflex,[55,56] 

which leads to activation of the sympathetic nervous system. 
A persistent increase in sympathetic tone has been shown 
to generate abnormal electrical remodeling of the atrium, 
thus facilitating supraventricular arrhythmias, particularly 
atrial fibrillation.[57] Electric remodeling may create some 
degree of interatrial block, contributing to the genesis of atrial 
arrhythmias.[58] Enhanced sympathetic nervous system activity 
associated with respiratory event-related hypoxemia and 
arousal may trigger automaticity due to a stimulated action 
potential.[59] 

A strong association between OSA and hypertension has 
been extensively reported[60,61] and the association between 
hypertension and AF is also well recognized.[62,63] Although 
purely speculative, the link between OSA and AF could 
merely be the distortion of the atrial anatomy that occurs 
during hypertension.[64] The forceful ventilatory efforts against 
upper airway obstruction during apneas result in dramatic 
shifts in transmural pressures and measurable changes in 
cardiac chamber dimensions.[65,66] These acute structural 
changes may promote AF by triggering stretch-activated 
atrial ion channels.[67] The severity of OSA is independently 
associated with elevated markers of systemic inflammation, 
including C-reactive protein[68] which is directly associated 
with an increased AF burden.[69] Although sleep apnea has 
been associated with left atrial enlargement,[70,71] the suggestion 
that it leads to atrial fibrillation, is an appealing but presently 
unproven hypothesis. 

In contrast, bradyarrhythmias are probably related to the 
prolonged apnea and hypoxemia in OSA that elicit the 

cardiac vagal activation reflex, with simultaneous sympathetic 
activation to the peripheral blood vessels, including muscle, 
renal and splanchnic but not cerebral vasculature.[72-75] Although 
the vagal response will often elicit a discernible bradycardia, in 
a minority of OSA patients (approx. 10%), bradyarrhythmias 
such as atrioventricular block and asystole may develop even 
in the absence of cardiac conduction disease.[22] These are most 
likely to occur during rapid eye movement sleep and with 
a decrease in oxygen saturation of at least 4%.[76] Re-entry 
mechanisms may occur through the vagal stimulation that 
results from respiration against a partially occluded airway, 
which may lead to bradycardia-dependent increased dispersion 
of atrial repolarization predisposed to intra-atrial entry.[77,78]

Additionally, SDB-related mechanical effects of negative 
intrathoracic pressure on the atrial and ventricular free 
walls promote cardiac stretching, which may predispose 
one to arrhythmias by way of mechanical electrical feedback 
mechanisms.[79]

Treatment

Treatment of sleep apnea with respect to arrhythmias
There are no conclusive epidemiologic or longitudinal 
intervention studies that relate specifically to the prevalence, 
severity and consequences of cardiac arrhythmias and effects 
of OSA treatment. If the underlying cardiac conduction system 
is normal and there is no significant arrhythmia or heart block 
occurring during apneic periods, it may be treated effectively 
with CPAP or, if necessary, with tracheostomy.[53,80]

The 1995 study of Becker et al.,[54] revealed that 7% of 239 
(17 patients) with OSAHS had significant bradyarrhythmias 
and of these 17 patients, only 1 continued to experience 
bradyarrhythmias after CPAP therapy. Most of these patients 
had established or newly diagnosed cardiac abnormalities 
(hypertension, congestive cardiac failure, pulmonary 
hypertension); hence, an independent effect of OSAHS was 
difficult to establish.

Observational data put forward by Kanagala et al. showed 
an increased rate of recurrence (82%) of AF after successful 
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Figure 1: Schematic representation of various pathophysiological mechanisms 
relating to arrhythmias in obstructive sleep apnea (OSA)
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cardioversion in inadequately treated patients with OSAHS 
as compared with non-OSAHS and well-treated OSAHS 
patients.[41]

Harbison et al. investigated the prevalence of significant cardiac 
rhythm disturbance in 45 patients with established moderate 
to severe OSAS and assessed the impact of nasal CPAP  
therapy.[42] The results showed an abolition of rhythm 
disturbances in seven of the eight patients, who had 
pathologically significant disturbances such as ventricular 
tachycardia or fibrillation, complex ventricular ectopy or new-
onset supraventricular tachycardia.

In a randomized controlled 1-month trial involving 18 patients 
with OSA and systolic dysfunction, Ryan et al. tested the 
effects of CPAP therapy on ectopic ventricular arrhythmias.[81] 
The results suggested that in patients with heart failure (HF), 
treatment of coexisting OSA by CPAP reduces the frequency of 
VPBs by 58% during sleep, which might improve the prognosis 
in patients with HF patients.

In the longest-term prospective cohort study yet published 
(10 y), Marin et al. demonstrated a higher risk of both fatal 
and nonfatal cardiovascular events in men with severe OSA 
who were noncompliant with CPAP therapy as compared 
with snorers, CPAP-treated patients with OSA and healthy  
men.[82] Although biased by potential and difficult-to-measure 
influences related to treatment noncompliance and imbalances 
in some confounding variables at baseline (such as prevalence 
of hypertension and glucose intolerance) this study is among 
the most persuasive to argue that OSA has detrimental effects 
on long-term cardiovascular outcomes.

However, any therapeutic strategy that would incorporate 
long-term atrial pacing would need to recognize the potential 
interactions between OSA and atrial fibrillation. In patients 
cardioverted for atrial fibrillation, the presence of untreated 
sleep apnea doubles the likelihood of recurrence of atrial 
fibrillation within 12 months as compared with OSA patients 
receiving CPAP therapy.[41]

Cardiac pacing as a treatment of sleep apnea
An initial report has, however, added new perspective to 
pacemaker placement in patients with OSA.[83] Interactions 
between cardiac arrhythmias and OSA may extend beyond 
the traditional concepts of OSA as a cause of abnormalities in 
cardiac rhythm. Provocative evidence suggests that modulation 
of cardiac rhythm characteristics by atrial overdrive pacing may 
attenuate the severity of both OSA and central sleep apnea. 
The mechanisms of any pacing-induced amelioration of sleep 
apnea and the implication for future therapeutic strategies are 
presently uncertain, but intriguing.

However, these finding were not replicated in subsequent 
investigations involving somewhat different patient 
populations; 16 patients with the OSA were prospectively 
evaluated for the effect of atrial overdrive pacing after 24 hours 
and after 1 month compared with the use of nasal CPAP.[84-86] 

The outcome highlighted that atrial overdrive pacing had no 
significant effect on OSA severity, whereas CPAP was highly 
effective in treating OSA.

A prospective, single-blinded, randomized crossover trial 
in patients with moderate to severe OSA also showed that 
temporary atrial pacing does not appear to improve respiratory 
manifestations of OSA. Permanent atrial pacing in this patient 
population does not appear to be justified.[87]

Recent data confirm that overdrive pacing exerts a mild effect 
on respiratory events in some heart failure patients with OSA. 
However, atrial overdrive pacing was not therapeutically 
effective for improving airway patency and sleep-related 
respiratory function.[88] Thus, there is currently no definitive 
evidence to support atrial overdrive pacing as a treatment 
option for OSA. 

Future Directions

If the presence of arrhythmias influencing SDB prognosis is 
uncertain; it speculates a rationale for systematic arrhythmia 
detection and reporting in the sleep laboratory.[89] The various 
challenges that need to be addressed include widespread 
comorbidities, including obesity, that obscure clearer 
understanding of any independent cardiovascular consequence 
of sleep apnea per se, treatment options that are varied, 
predominantly device based and not easily tolerated and 
the absence of robust longitudinal interventional studies 
addressing whether the treatment of sleep apnea confers any 
tangible benefit in terms of arrhythmias. Moreover, there is 
no clear evidence as to the best measurement for quantifying 
sleep apnea severity.

Available prevalence studies and interventional trials suggest 
that SDB and OSA, in particular, may cause and exacerbate 
arrhythmias. The mechanism(s) behind these associations are 
biologically plausible and are still being elucidated. Awareness 
of the association of cardiovascular disease and OSA will 
prompt the general practitioners to look for both illnesses 
when presented with one of them. There is no doubt that 
CPAP and other treatments for OSA will make symptomatic 
patients who happen to have a cardiac disease feel better. It 
may be that CPAP will be used to improve cardiac outcomes 
and randomized controlled trials of CPAP are being designed 
in patients with cardiovascular risk and OSA who do not 
exhibit sleepiness.

To demonstrate a causative relationship between OSA and 
cardiac arrhythmias, further prospective trials demonstrating 
a reduction in the incidence or recurrence of AF with effective 
treatment of OSA are needed.[64,90] Understanding the 
mechanisms that link sleep apnea to cardiac arrhythmias is 
essential and its early recognition may contribute positively in 
reducing risk of patients. Appropriate referral to sleep disorder 
clinics may facilitate definitive diagnosis and treatment 
initiation necessary.

Further large-scale work is also needed to quantify the 
population attributable risk of atrial fibrillation and other 
arrhythmias associated with OSA, the prognostic implications 
of these arrhythmias and the ability to prevent or reverse 
these arrhythmias with economical and better-tolerated 
therapeutic options. These could thereby confirm whether 
therapy attenuates cardiovascular morbidity and mortality 
and defining appropriate therapeutic targets and cost-effective 
benefits of such therapy.
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Conclusion

The evidence reviewed in this paper emphasizes the association 
between SDB, in particular, OSA and cardiovascular problems, 
particularly arrhythmias, and provides some insight into 
the mechanisms potentially involved in determining this 
association. It also substantiates the idea that, despite 
significant research effort, the goal of determining in advance 
which patients will respond most favorably to certain treatment 
options such as CPAP, tracheostomy or cardioversion ahead 
of time and developing alternative treatments remain largely 
elusive.
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