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Abstract
This review illustrates the importance of sleep disordered breathing in evolution and progression of atrial fibrillation. While in early years 

associations were mainly attributed to the impact of hypoxemia and hypertension, nowadays multiple, additional pathways have been 
investigated or are currently under investigation. Sleep disordered breathing has been shown to have a direct impact on mechanical and 
electrical remodeling. In addition hypercapnia and negative intrathoracic pressure seem to alter atrial electrophysiology. Finally, impacts 
on inflammation and metabolic dysregulation display the complex interplay between breathing disorders and evolution and progression of 
atrial fibrillation.

Introduction
Atrial fibrillation (Afib), has shown an increasing prevalence and 

hospitalization rate over the past decades which is expected to grow 
even further.1 For the individual, existence of atrial fibrillation is not 
only accompanied by symptoms leading to subjective and objective 
exercise capacity impairment, but also means a five-fold increase in 
stroke risk as well as an increased mortality risk.2,3 In recent years the 
impact of sleep disordered breathing (SDB) on the evolution and 
progression on atrial fibrillation has been extensively investigated. 
Within this review we aim to clarify the pathophysiological links 
between sleep disordered breathing and atrial fibrillation.

Pathophysiology of Atrial Fibrillation
The pathophysiology of Afib involves the interaction of a triggering 

event and an arrhythmogenic substrate that induces electrical 
instability. Profibrillatory changes of the atrial myocardium including 
atrial size enlargement, scarring and fibroses serve as a substrate.4 In 
addition, rapid atrial rates such as those during periods of fibrillation 

increase myocyte calcium load. This induces adaptive mechanisms, 
for instance a reduction in activity or downregulation of calcium-
channels which alter atrial refractory period and thereby perpetuates 
atrial fibrillation as well.5;6 The most important initial trigger source 
for paroxysmal Afib was identified to be the muscular sleeve of the 
pulmonary veins.7 With ongoing remodeling, multiple re-entrant 
wavelets occur that help to maintain Afib.

Sleep Disordered Breathing
Sleep disordered breathing (SDB) has been recognized as co-

morbidity with potential interac tion and impact on progression and 
outcome of patients with cardiovascular disease.8

In a cardiology setting it mainly comprises two different entities: 
obstructive sleep apnea (OSA) on the one hand and central sleep 
apnea including Cheyne-Stokes respiration (CSA) on the other.9-13 

OSA is the most common form of SDB. It affects approximately 
2 to 4% of the general population.14 Due to anatomic narrowing 
of the upper airways, during sleep inspiratory pressure generated 
by pharyngeal dilator muscle tone is below pharyngeal air pressure 
(critical pressure), causing the airways to collapse. Occlusion of the 
upper airways (flattening) results in hypopneas and/or apnea with 
accompanying hypoxemia. Apnea is defined as a ≥90% reduction of 
airflow lasting for ≥10 seconds. Hypopnea is defined a ≥10 seconds 
lasting, ≥30% reduction of airflow accompanied by a ≥4% oxygen 
desaturation/arousal or a ≥10 seconds lasting, ≥50% reduction of 
airflow with a ≥3% desaturation or an arousal.15 “Arousal” describes 
a transition from sleep to a state of wakefulness for at least 3 
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disease as the most common cause of cardiac ischaemia.12,46-48

sleep disordered breathing is not only found to impact 
proarrhythmic structural changes of the heart indirectly via arterial 
hypertension and myocardial ischaemia, but also to have a direct 
effect on electrical and mechanical remodeling. The key-factor seems 
to be the renin-angiotensin-aldosterone system. Previous studies 
showed levels of angiotensin II and aldosterone elevated in OSA 
patients.49,50 Angiotensin II promotes proliferation and growth. It 
increases protein synthesis in myocardial fibroblasts and myocytes, 
and increases coronary artery permeability with diffusion of growth 
factors into the myocardial interstitium.51-53 On the other hand, 
angiotensin II causes oxidative stress with subsequent induction of 
apoptosis at the endothelial and myocyte level, as well as necrosis and 
fibrosis through its cytotoxic effect on cardiac myocytes.54 Due to 
an increase of intracellular calcium concentration, and an increased 
availability of calcium contained in the sarcoplasmatic reticulum, 
angiotensin II also shortens the refractory period.55,56 Increased 
aldosterone serum-levels stimulate collagen synthesis by myocardial 
fibroblasts and may also play a role in myocyte death through their 
effect on electrolyte balance.57,58

In vivo, structural and electromechanical changes of the heart have 
previously been linked to SDB.59-63 In addition, SDB is a common 
co-morbidity among patients with structural heart disease resulting 
from cardiac remodeling such as systolic or diastolic heart failure or 
cardiomyopathies.9-11

Impact of Intrathoracic Pressure Alterations
Inefficient respiratory excursions, a regular occurrence in the 

apneic or hypopneic phases of OSA, alter transmural pressure and 
volume relations. This leads to increased sheer stress with subsequent 
mechanical remodeling.62 In addition, this also triggers extension-
sensitive ion channels.64 A recent study demonstrates an additional 
mechanism by which OSA affects Afib: negative tracheal pressure 
shortens right atrial refractory periods and increases susceptibility to 
AF mainly by vagal activation.65 Previous studies provided similar 
effects caused by acute hypercapnia during OSA.66

Inflammation and sleep disordered breathing
Another possible link between sleep disordered breathing and 

atrial fibrillation is chronic inflammation. Recent reports suggest 
that adverse atrial remodeling, which predisposes for Afib is not 
only linked to stimulation of myocytes and fibroblasts but also to 
the activation state of leukocytes.67 An association with parameters 
of cell adhesion (CD15, CD11c), increased intracellular reactive 
oxygen species, and increased adherence to human endothelial 
cells on monocytes has been demonstrated for OSA patients.68 In 
addition, patients with SDB face an increased expression of C – 
reactive protein, interleukin 6, interleukin 8, as well as functional and 
phenotypic changes of CD4 and CD8 t-cells, followed by an increase 
in tumor necrosis factor α, and interleukin 4 as well as a decrease of 
interleukin 10 expression.69-71

Metabolic Dysregulation and Sleep Disordered Breathing
Finally, metabolic syndrome was shown to be associated with 

Afib and to have a negative impact on primary and secondary 
prevention.72-74 OSA-related factors contribute to the development of 
metabolic dysregulation, for instance insulin and leptin resistance.75,76 

Increased sympathetic activity due to sleep fragmentation and 
intermittent hypoxemia alter hypothalamic pituitary adrenocortical 

seconds and is caused by an increase in sympathetic drive as a result 
of intermittent hypoxemia in apneic or hypopneic phases of sleep 
disordered breathing.

Clinical Importance of Sleep Disordered Breathing in Atrial 
Fibrillation

Several studies propagate a prevalence of SDB of approximately 
30-80% in patients with Afib, depending on the type of Afib 
(paroxysmal vs. persistent), underlying diseases, and the cut-off 
Apnea-Hypopnea-Izndex (AHI) to define SDB (between ≥5/h and 
≥15/h).13,16-19 Furthermore, SDB was shown to be an independent 
risk factor for incident atrial fibrillation in individuals <65 years of 
age.20 However, most studies investigated the impact of SDB in the 
secondary prophylaxis of Afib. Focusing on electrical cardioversion, 
untreated OSA was found to be associated with a higher recurrence 
of AF compared to the general population or patients with treated 
OSA.21,22 In patients undergoing ablative therapy, adequate diagnosis 
of SDB seems to be of major importance. In a recent study applying 
cardiorespiratory polygraphy, a six-channel recording system to 
determine type and severity of SDB, we identified moderate to 
severe SDB, but not SDB per se as an independent predictor for 
AF recurrence following cryoballoon pulmonary vein isolation.23 

Previous studies in patients who had undergone radiofrequency 
catheter ablation demonstrated incoherent results.24-27 This may be 
traced back to assessment of SDB by clinical evaluation, only refined 
by questionnaires as the “Berlin Questionnaire”. This method neither 
is validated among cardiac patients, nor does it reflect SDB severity.28 
In line with this, a recent meta-analysis on the importance of OSA 
as a predictor of Afib recurrence after catheter ablation showed that 
OSA diagnosed using polysomnography but not using the Berlin 
questionnaire is a strong predictor of Afib recurrence.29

Arterial Hypertension, Ischemia and Sleep Disordered-
Breathing

The most obvious interaction between SDB and Afib is the 
impact of SDB on arterial hypertension and ischemia. In SDB 
patients recurrent nocturnal hypoxemic and hypercapnic periods are 
associated with an increase arousals and sympathetic activity.30 Even 
though severe hypoxemias are known to have a local vasodilative 
effect, cycles of hypoxemia and hypercapnia are rather associated 
with systemic vasoconstriction, potentially leading to nocturnal 
arterial hypertension as well as ischemia.30,31 In addition, an activated 
sympathetic nerve system is associated with increased plasma-levels 
of catecholamines, and a reduced α-and β2 adrenergic vascular 
response.32-34 As angiotensin II induces vasoconstriction via AT1-
receptor, enhanced vasoconstrictor sensitivity to angiotensin II, as 
seen in OSA patients, augments vasoconstriction.35 In addition, 
studies confirm increased serum-level of either endothelin-1, a potent 
vasoconstrictive neuropeptide, or big endothelin-1 to be found in 
OSA patients.36,37 On intermittent hypoxemic periods, formations 
of free radicals or reactive oxygen species (ROS) emerge and react 
with nitric oxide (NO) to produce peroxynitrite, thereby diminishing 
bioavailability of NO.38,39 Consequently, OSA patients are affected 
by an altered vasodilatation as well as endothelial dysfunction. 40-42

     Today there is conceiving evidence that OSA is an independent 
risk-factor for arterial hypertension and current guidelines recom-
mend screening procedures.43-45 In addition, several studies demon-
strate an impact on the evolution and progression of coronary artery 
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axis function that in addition to the aforementioned changes in 
oxidative and inflammatory pathways is involved in insulin resistance 
and impaired pancreatic beta-cell function.76,77

Conclusions:
This review reveals that there are several over lapses between SDB 

and Afib. While in early years associations were mainly attributed 
to the impact of hypoxemia and arterial hypertension, nowadays 
multiple, additional pathways have been investigated or are currently 
under investigation. Direct impacts on mechanical and electrical 
remodeling as well as effects of negative intrathoracic pressure and 
hypercapnia on atrial electrophysiology, and impacts of inflammation 
and metabolic dysregulation allow us more detailed insights in the 
complex interplay between breathing disorders and the evolution and 
progression of atrial fibrillation.

References:
1.	 Nieuwlaat R, Capucci A, Camm JA et al. Atrial fibrillation management: a 

prospective survey in ESC member countries. The Euro Heart Survey on Atrial 
Fibrillation. Eur Heart J 2005;26:2422-2434.

2.	 Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, incidence, prognosis and 
predisposing conditions for atrial fibrillation: population-based estimates. Am J 
Cardiol 1998;82:2N-9N.

3.	 Wolf PA, Dawber TR, Thomas HR, Kannel WB. Epidemiologic assessment of 
chronic atrial fibrillation and the risk of stroke: the Framingham study. Neurology 
1978;28:973-977.

4.	 Sanders P, Morton JB, Davidson NC, Spence SJ, Vohra JK, Sparks PB. Electrical 
remodelling of the atria in congestive heart failure: electrophysiologic and 
electroanatomic mapping in humans. Circulation 2003;108:1461-1468.

5.	 Courtemanche M, Ramirez RJ, Nattel S. Ionic mechansms underlying human 
atrial action potential properties: insights from a mathematical model. Am J 
Physiol 1998;275:301-321.

6.	 Lai LP, Su MJ, Lin JL et al. Down-regulation of L-type calcium channel and 
sarcoplasmic reticular Ca(2+)-ATPase mRNA in human atrial fibrillation 
without significant change in the mRNA of ryanodine receptor, calsequestrin and 
phospholamban: an insight into the mechanism of atrial electrical remodelling. J 
Am Coll Cardiol 1999;33:1231-1237.

7.	 Haissaguerre M, Jais P, Shah DC et al. Spontaneuous initiation of atrial fibrillation 
by ectopic beats originating in the pulmonary veins. N Engl J Med 1998;339:659-
666.

8.	 Marin JM, Carrizo SJ, Vicente E, Augusti AG. Long-term cardiovascular 
outcome in men with obstructive sleep apnoea-hypopnoea with or without 
treatment without continuous positive airway pressure: an observational study. 
Lancet 2005;365:1046-1053.

9.	 Oldenburg O, Lamp B, Faber L, Teschler H, Horstkotte D, Töpfer V. Sleep-
disordered breathing in patients with symptomatic heart failure: a contemporary 
study of prevalence in and characteristics of 700 patients. Eur J Heart Fail 
2007;9:251-257.

10.	 Bitter T, Prinz C, Faber L et al. Sleep-disordered breathing in heart failure with 
normal left ventricular ejection fraction. Eur J Heart Fail 2009;11:602-608.

11.	 Prinz C, Bitter T, Oldenburg O, Horstkotte D, Faber L. Incidence of sleep-
disordered breathing in patients with hypertrophic cardiomyopathy. Congest 
Heart Fail 2011;17:19-24.

12.	 Prinz C, Bitter T, Piper C, Horstkotte D, Faber L, Oldenburg O. Sleep apnea 
is common in patients with coronary artery disease. Wien Med Wochenschr 
2010;160:349-355.

13.	 Bitter T, Langer C, Vogt J, Lange M, Horstkotte D, Oldenburg O. Sleep-
disordered breathing in patients with atrial fibrillation and normal systolic left 

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com



Journal of Atrial Fibrillation88 Featured Review
34.	 Mills PJ, Kennedy BP, Loredo JS, Dimsdale JE, Ziegler MG. Effects of 

nasal continuous positive airway pressure and oxygen supplementation on 
norepinephrine kinetics and cardiovascular responses in obstructive sleep apnea. 
J Appl Physiol 2006;100:343-348.

35.	 Kraiczi H, Hedner J, Peker Y, Carlson J. Increased vasoconstrictor sensitivity in 
obstructive sleep apnea. J Appl Physiol 2000;89:493-498.

36.	 Phillips BG, Narkiewicz K, Pesek CA, Haynes WG, Dyken ME, Somers VK. 
Effects of obstructive sleep apnea on endothelin-1 and blood pressure. J Hypertens 
1999;17:61-66.

37.	 Grimpen F, Kanne P, Schulz E, Hagenah G, Hasenfuss G, Andreas S. Endothelin-1 
plasma levels are not elevated in patients with obstructive sleep apnea. Eur Respir 
J 2000;15:320-325.

38.	 Lavie L, Lavie P. Molecular mechanisms of cardiovascular disease OSAHS: the 
oxidative stess link. Eur Respir J 2009;33:1467-1484.

39.	 Christou K, Kostikas K, Pastaka C, Tanou K, Antoniadou I, Gourgoulianis K. 
Nasal continuous positive airway pressure treatment reduces systemic oxidative 
stress in patients with severe obstructive sleep apnea syndrome. Sleep Med 
2009;10:87-94.

40.	 Kato M, Roberts-Thomson P, Phillips BG et al. Impairment of endothelium-
dependent vasodilatation of resistance vessels in patients with obstructive sleep 
apnea. Circulation 2000;102:2607-2610.

41.	 Carlson J, Rangemark C, Hedner J. Attenuated endothelium-dependent vascular 
relaxation in patients with sleep apnoea. J Hypertens 1996;14:577-584.

42.	 Ip MS, Lam B, Chan LY et al. Circulating nitric oxide is suppressed in obstructive 
sleep apnea and is reversed by nasal continuous positive airway pressure. Am J 
Respir Crit Care Med 2000;162:2166-2171

43.	 Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the association 
between sleep-disordered breathing and hypertension. N Engl J Med 
2000;342:1378-1384.

44.	 Nieto FJ, Young TB, Lind BK et al. Association of sleep-disordered breathing, 
sleep apnea, and hypertension in a large community-based study. Sleep Heart 
Health Study. JAMA 2000;283:1829-1836.

45.	 Calhoun DA, Jones D, Textor S et al. Resistent hypertension: diagnosis, evaluation, 
and treatment: a scientific statement from the American Heart Association 
Professional Education Committee of the Council for High Blood Pressure 
Research. Circulation 2008;117:e510-526.

46.	 Cassar A, Morgenthaler TI, Lennon RJ, Rihal CS, Lerman A. Treatment 
of obstructive sleep apnea is associated with decreased cardiac death after 
percutaneous coronary intervention. J Am Coll Cardiol 2007;50:1310-1314.

47.	 Gottlieb DJ, Yenokyan G, Newman AB et al. Prospective study of obstructive 
sleep apnea and incident coronary heart disease and heart failure: the sleep heart 
health study. Circulation 2010;122:352-360.

48.	 Shah NA, Yaggi HK, Concato J, Mohsenin V. Obstructive sleep apnea as a risk 
factor for coronary events or cardiovascular death. Sleep Breath 2010;14:131-136.

49.	 Calhoun DA, Nishizaka MK, Zaman MA, Harding SM. Aldosterone excretion 
among subjects with resistant hypertension and symptoms of sleep apnea. Chest 
2004;125:112-117.

50.	 Moller DS, Lind P, Strunge B, Pedersen EB. Abnormal vasoactive hormones and 
24-hour blood pressure in obstructive sleep apnea. Am J Hypertens 2003;16:274-
280.

51.	 Sadoshima J, Izumo S. Molecular characterization of angiotensin II induced 
hypertrophy of cardiac myocytes and hyperplasia of cardiac fibroblasts: Critical 
role of the AT1 receptor subtype. Circ Res 1993;73:413-423.

52.	 Sadoshima J, Xu Y, Slayter HS, Izumo S. Autocrine release of angiotensin 
II mediates stretch-induced hypertrophy of cardiac myocytes in vivo. Cell 
1993;75:977-985.

53.	 Weber KT, Brilla CG. Pathological hypertrophy and the cardiac interstitium: 

Fibrosis and the renin-angiotensin-aldosterone system. Circulation 1991;83:1849-
1865.

54.	 Ollivier JP, Bouchet VA. Prospects for cardioreparation. Am J Cardiol 1992;70:27-
36c.

55.	 Shinagawa K, Mitamura H, Ogawa S, Nattel S. Effect of inhibiting Na+/H+-
exchange or angiotensin converting enzyme on atrial tachycardia-induced 
remodelling. Cardiovasc Res 2002;52:438-446.

56.	 Nakashima H, Kumagai K, Urata H, Gondo N, Ideishi M, Arakawa K. 
Angiotensin II antagonist prevents electrical remodelling in atrial fibrillation. 
Circulation 2000;101:2612-2617.

57.	 Brilla CG, Zhou G, Matsubara L, Weber KT. Collagen metabolism in cultured 
adult rat cardiac fibroblasts: Response to angiotensin II and aldosterone. J Mol 
Cell Immunol 1994;26:809-820.

58.	 Sheehan JP, Seelig MS. Interactions of magnesium and potassium in the 
athogenesis of cardiovascular disease. Magnesium 1984;3:301-314.

59.	 Gibson DN, Di Biase L, Mohanthy S et al. Stiff left atrial syndrome after catheter 
ablation for atrial fibrillation: clinical characterization, prevalence, and predictors. 
Heart Rhythm 2011;8:1364-1371.

60.	 Romero-Corral A, Somers VK, Pellikka PA et al. Decreased right and 
left ventricular myocardial performance in obstructive sleep apnea. Chest 
2007;132:1863-1870.

61.	 Fung JW, Li TS, Choy DK et al. Severe obstructive sleep apnea is associated with 
left ventricular diastolic dysfunction.Chest 2002;121:422-429.

62.	 Oliveira W, Campos O, Cintra F et al. Left atrial volume and function in 
patients with obstructive sleep apnea assessed by real-time three dimensional 
echocardiography. J Am Soc Echocardiogr 2008;21:1355-1361.

63.	 Cagirci G, Cay S, Gulsoy KG et al. Tissue doppler atrial conduction times and 
electrocardiogram interlead P-wave durations with varying severity of obstructive 
sleep apnea. J Electrocardiol 2011;44:478-482.

64.	 Franz MF, Bode R. Mechano-electrical feedback underlying arrhythmias: the 
atrial fibrillation case. Prog Biophys Mol Biol 2003;82:163-174.

65.	 Linz D, Schotten U, Neuberger HR, Böhm M, Wirth K. Negative tracheal 
pressure during obstructive respiratory events promotes atrial fibrillation by vagal 
activation. Heart Rhythm 2011;8:1436-1443.

66.	 Stevenson IH, Roberts-Thomson KC, Kistler PM, Edwards GA, Sanders P, 
Kalman JM. Atrial electrophysiology is altered by acute hypercapnia but not 
hypoxemia: implications for promotion of atrial fibrillation in pulmonary disease 
and sleep apnea. Heart Rhythm 2010;7:1263-1270.

67.	 Friedrichs K, Klinke A, Baldus S. Inflammatory pathways underlying atrial 
fibrillation. Trends Mol Med. In press.

68.	 Dyugovskaya L, Lavie P, Lavie L. Increased adhesion molecule expression and 
production of reactive oxygen species in leucocytes of sleep apnea patients. Am J 
Respir Crit Care Med 2002;165:934-939.

69.	 Schmalgemeier H, Bitter T, Dimitriadis Z, Bullert K, Horstkotte D, Oldenburg 
O. Severe Central Sleep Apnea / Cheyne-Stokes respiration is associated with 
elevated C-reactive protein in heart failure patients [abstract]Schmalgemeier H, 
Bitter T, Dimitriadis Z, Bullert K, Horstkotte D, Oldenburg O. Eur J Heart Fail 
Suppl 2011;10:S71

70.	 Yokoe T, Minoguchi K, Matsuo H, Oda N, Minoguchi H Yoshino G. Elevated 
levels of C-reaktive protein and interleukin-6 in patients with obstructive sleep 
apnea syndrome are decreased by nasal continuous positive airway pressure. 
Circulation 2003;107:1129-1134.

71.	 Dyugovskaya L, Lavie P, Lavie L. Lymphocyte activation as a possible measure 
of artherosclerotic risk in patients with sleep apnea. Ann N Y Acad Sci 
2005;1051:340-350.

72.	 Sun X, Boyce SW, Hill PC et al. Association of body-mass index with new-onset 
atrial fibrillation after coronary artery bypass grafting operations. Ann Thorac 

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com



Journal of Atrial Fibrillation89 Featured Review
Surg 2011;91:1852-1858.

73.	 Tanner RM, Baber U, Carson AP et al. Association of the metabolic syndrome 
with atrial fibrillation among United States adults (from the REasosns for 
Geographic and Racial Differences inStroke [REGARDS] Study). Am J Cardiol 
2011;108:227-232.

74.	 Jongnarangsin K, Chugh A, Good E et al. Body mass index, obstructive sleep 
apnea, and outcome of catheter ablation of atrial fibrillation. J Cardiovasc 
Electrophysiol 2010;19:668-672.

75.	 Al Lawati N, Mulgrew A, Cheema R et al. Pro-artherogenic cytokine profile of 
patients with suspected obstructive sleep apnea. Sleep Breath 2009;13:277-283.

76.	 Ronksley PE, Hemmelgarn BR, Heitman SJ et al. Obstructive sleep apnoea is 
associated with diabetes in sleepy subjects. Thorax 2009;64:834-839.

77.	 Shaw JE, Punjabi NM, Wilding JP, Alberti KG, Zimmet PZ. Sleep disordered 
breathing and type 2 diabetes. A report from the International Diabetes Federation 
Taskforce on Epidemiology and Prevention. Diabetes Res Clin Pract 2008;81:2-
12.hythm control in patients with recurrent persistent atrial fibrillation. N Engl J 
Med. 2002;347: 1834-40.

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com


