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Obstructive sleep apnea (OSA) is a common respiratory
disease characterized by abnormal collapse of the pharyngeal
airway during sleep, causing repetitive arousals and falls in
the oxygen saturation [1]. This disorder, when not correctly
treated, has been associated with higher fatal and nonfatal
cardiovascular events [2]. Also, OSA has been related to
many cardiovascular diseases (CVD) such as heart failure [3],
arrhythmias [4], pulmonary hypertension [5], and coronary
artery disease (CAD) [6]. Moreover, in recent years OSA
has emerged as a major public health problem due to its
profound impact on patients’ health. By this reason, we have
proposed this special issue about the relationship between
sleep disordered breathing (SDB) and CVD. We have sug-
gested different topics such as potential mechanisms linking
OSA to CVD, acute cardiovascular effects of OSA, impact
of OSA on natural history of CVD, cardiovascular effects of
continuous positive airway pressure (CPAP) treatment, and
therapeutic cardiovascular efficacy of emerging treatment for
OSA and central sleep apnea (CSA).

Several mechanisms are involved in the association
between OSA and CVD. In fact, enhanced sympathetic activ-
ity, oxidative stress, systemic inflammation, and endothe-
lial dysfunction contribute to this association and promote
atherogenesis. Moreover, cyclic decreases in blood oxy-
gen saturation during recurrent episodes of apnea produce
chronic intermittent hypoxia and contribute to the develop-
ment of atherosclerosis. Some hypoxia-induced transcription

factors as hypoxia-inducible factor-1 and nuclear factor-K𝛽
are activated during intermittent hypoxia and contribute to
the generation of inflammation and expression of proin-
flammatory cytokines such as tumor necrosis factor-𝛼 and
interleukin-8.

It seems that these mechanisms could have an important
impact in the occurrence of ischemic cardiac events. Hence,
CAD in OSA patients probably precludes the activation of
multiple mechanisms, such as atherosclerosis, hypertension,
and endothelial dysfunction. Likewise, OSA may influence
outcomes in patients with acute or chronic CAD, but this
effect remains controversial as results obtained from studies
have yielded discrepant data. In this way, Yumino et al. [7]
observed a higher incident of cardiac death, reinfarction,
or new revascularization in OSA patients with CAD and
compared to subjects without OSA, after a mean follow-up
period of 7 months. Nevertheless, Hagenah et al. [8] found
that OSA did not increase the risk of mortality and cardio-
vascular complications in 50 patients with stable CADafter 10
years of follow-up period.Moreover, concerning treatment of
OSA patients with CAD, CPAPmay have beneficial effects in
recurrence of ischemic cardiac disease and necessity of new
revascularization procedures but higher-evidence studies are
necessary to investigate the effect of CPAP in these subjects.

Regarding heart failure, a high prevalence of OSA and
CSA in this disorder has been observed. Also, different
therapeutic strategies such as oxygen therapy, CPAP, bilevel
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positive airway pressure (BIPAP), and adaptive servoventila-
tion (ASV) have been proposed to treat OSA in heart failure
patients. In this way, in OSA heart failure subjects, CPAPmay
improve survival, left ventricular ejection fraction, and qual-
ity of life [9–11]. Nevertheless, in heart failure CSA patients,
CPAP probably is not effective as ASV to abolish the apnea-
hypopnea index to <15 events⋅h−1 [12]. So far, it is evident
that SDB treatment has showed consistent improvements
in heart function, quality of life, and respiratory events in
patients with heart failure.However, it is necessary to evaluate
the impact of these respiratory treatments in randomized-
controlled, long-term longitudinal studies.

Finally, respecting the association between atrial arrhyth-
mia and OSA, it has been described that cardiac remodeling,
sympathetic activity, and systemic inflammation may lead to
the development of arrhythmias in these patients. Moreover,
hypoxemia and hypercapnia have an important role in the
pathogenesis of this association. However, it is necessary to
investigate the effect of CPAP treatment in atrial arrhythmias
of OSA patients.

In conclusion, sleep apnea is a high prevalence dis-
ease that has an important relationship with cardiovascular
disease. In this special issue, we have tried to make an
extensive review about mechanisms involved in the associ-
ation between ischemic cardiac disease, heart failure, and
arrhythmias with OSA. Nevertheless, we know that despite
multiple reports about OSA and cardiovascular disease, it
is yet necessary to perform higher grade evidence studies
to explore mechanisms involved in this association and the
impact of CPAP treatment in these subjects.

Rodolfo Álvarez-Sala
Francisco Garćıa-Rı́o

Félix Del Campo
Carlos Zamarrón

Nikolaus C. Netzer
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“Diagnosis and treatment of sleep apnea-hypopnea syndrome.
spanish society of pulmonology and thoracic surgery,” Archivos
De Bronconeumologia, vol. 47, no. 3, pp. 143–156, 2011.

[2] J.M.Marin, S. J. Carrizo, E. Vicente, andA.G.N. Agusti, “Long-
term cardiovascular outcomes in men with obstructive sleep
apnoea-hypopnoea with or without treatment with continuous
positive airway pressure: an observational study,” Lancet, vol.
365, no. 9464, pp. 1046–1053, 2005.

[3] E. Shahar, C. W. Whitney, S. Redline et al., “Sleep-disordered
breathing and cardiovascular disease: cross-sectional results of
the sleep heart health study,” American Journal of Respiratory
and Critical Care Medicine, vol. 163, no. 1, pp. 19–25, 2001.

[4] S. Javaheri, T. J. Parker, J. D. Liming et al., “Sleep apnea in 81
ambulatory male patients with stable heart failure: types and
their prevalences, consequences, and presentations,” Circula-
tion, vol. 97, no. 21, pp. 2154–2159, 1998.

[5] M. Alchanatis, G. Tourkohoriti, S. Kakouros, E. Kosmas, S.
Podaras, and J. B. Jordanoglou, “Daytime pulmonary hyper-
tension in patients with obstructive sleep apnea: the effect of

continuous positive airway pressure on pulmonary hemody-
namics,” Respiration, vol. 68, no. 6, pp. 566–572, 2001.

[6] C.-H. Lee, S.-M. Khoo, B.-C. Tai et al., “Obstructive sleep
apnea in patients admitted for acute myocardial infarction:
prevalence, predictors, and effect on microvascular perfusion,”
Chest, vol. 135, no. 6, pp. 1488–1495, 2009.

[7] D. Yumino, Y. Tsurumi, A. Takagi, K. Suzuki, and H. Kasanuki,
“Impact of obstructive sleep apnea on clinical and angiographic
outcomes following percutaneous coronary intervention in
patients with acute coronary syndrome,” American Journal of
Cardiology, vol. 99, no. 1, pp. 26–30, 2007.

[8] G. C. Hagenah, E. Gueven, and S. Andreas, “Influence of
obstructive sleep apnoea in coronary artery disease: a 10-year
follow-up,” Respiratory Medicine, vol. 100, no. 1, pp. 180–182,
2006.

[9] D. R. Mansfield, N. C. Gollogly, D. M. Kaye, M. Richardson, P.
Bergin, and M. T. Naughton, “Controlled trial of continuous
positive airway pressure in obstructive sleep apnea and heart
failure,” American Journal of Respiratory and Critical Care
Medicine, vol. 169, no. 3, pp. 361–366, 2004.

[10] Y. Kaneko, J. S. Floras, K. Usui et al., “Cardiovascular effects
of continuous positive airway pressure in patients with heart
failure and obstructive sleep apnea,” The New England Journal
of Medicine, vol. 348, no. 13, pp. 1233–1241, 2003.

[11] H. Wang, J. D. Parker, G. E. Newton et al., “Influence of
obstructive sleep apnea on mortality in patients with heart
failure,” Journal of the American College of Cardiology, vol. 49,
no. 15, pp. 1625–1631, 2007.

[12] T. D. Bradley, A. G. Logan, R. J. Kimoff et al., “Continuous
positive airway pressure for central sleep apnea and heart
failure,” The New England Journal of Medicine, vol. 353, no. 19,
pp. 2025–2033, 2005.



Hindawi Publishing Corporation
Pulmonary Medicine
Volume 2013, Article ID 521087, 16 pages
http://dx.doi.org/10.1155/2013/521087

Review Article
Pathophysiologic Mechanisms of Cardiovascular
Disease in Obstructive Sleep Apnea Syndrome

Carlos Zamarrón,1 Luis Valdés Cuadrado,1 and Rodolfo Álvarez-Sala2
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Obstructive sleep apnea syndrome (OSAS) is a highly prevalent sleep disorder, characterized by repeated disruptions of breathing
during sleep. This disease has many potential consequences including excessive daytime sleepiness, neurocognitive deterioration,
endocrinologic and metabolic effects, and decreased quality of life. Patients with OSAS experience repetitive episodes of hypoxia
and reoxygenation during transient cessation of breathing that provoke systemic effects. Furthermore, theremay be increased levels
of biomarkers linked to endocrine-metabolic and cardiovascular alterations. Epidemiological studies have identified OSAS as an
independent comorbid factor in cardiovascular and cerebrovascular diseases, and physiopathological linksmay exist with onset and
progression of heart failure. In addition, OSAS is associated with other disorders and comorbidities which worsen cardiovascular
consequences, such as obesity, diabetes, and metabolic syndrome. Metabolic syndrome is an emerging public health problem
that represents a constellation of cardiovascular risk factors. Both OSAS and metabolic syndrome may exert negative synergistic
effects on the cardiovascular system throughmultiple mechanisms (e.g., hypoxemia, sleep disruption, activation of the sympathetic
nervous system, and inflammatory activation). It has been found that CPAP therapy for OSAS provides an objective improvement
in symptoms and cardiac function, decreases cardiovascular risk, improves insulin sensitivity, and normalises biomarkers. OSAS
contributes to the pathogenesis of cardiovascular disease independently and by interaction with comorbidities. The present review
focuses on indirect and direct evidence regarding mechanisms implicated in cardiovascular disease among OSAS patients.

1. Introduction

Obstructive sleep apnea syndrome (OSAS) is a common dis-
order characterized by recurrent upper airway collapse dur-
ing sleep [1].This results in a reduction or complete cessation
of airflow despite ongoing inspiratory efforts and leads to
arousals, sleep fragmentation, and oxyhemoglobin desatura-
tion [2].

A spectrumof sleep related obstructed breathing has been
described in the literature [3]. This ranges from snoring [4],
and upper airway resistance syndrome [5] to obesity hypov-
entilation syndrome [6]. The focus of the current review is
OSAS, which lies in between these two extremes.

Though clinically recognized since the 1960s [7], general
awareness of OSAS has been slow to develop. OSAS has

been associated with cardiovascular disease [8], automo-
bile accidents [9], chronic obstructive pulmonary disease
(COPD) [10], heart failure [11] and health related quality of
life deterioration [12].

Another emerging public health problem is metabolic
syndrome, which represents a constellation of cardiovascular
risk factors. OSAS often coexists with obesity and has been
shown to be independently associated with insulin resistance,
which is an important component of metabolic syndrome
[1, 13]. Given the current obesity epidemic, the prevalence of
both metabolic syndrome and OSAS is on the rise.

The present review analyzes the relation between OSAS
and cardiovascular disease and how it may be affected by
OSAS-associated disorders and comorbidities.
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Table 1: Prevalence studies on obstructive sleep apnea syndrome.

Study Population Age Method Criteria SDB prevalence OSAS

Durán et al.
2001 [14]

2148 subjects
from the electoral
census

30–70

(1) Questionnaire
(2) Validated portable
instrument in 442 subjects
(3) PSG in 555 subjects

AHI ≥ 5 26.3% (M) and 28% (F)
AHI ≥ 10 19% (M) and 14.9% (F)
AHI ≥ 15 14.2% (M) and 8.6% (F)
AHI ≥ 20 9.6% (M) and 6% (F)
AHI ≥ 30 6.8% (M) and 4.3% (F)
OSAS = AHI ≥ 10 plus
Symptoms

3.4% M
3% F

Udwadia et al.,
2004 [15]

658 healthy urban
Indian subjects 35–65

(1) Questionnaire
(2) PSG on subgroup in 250
subjects

AHI ≥ 5 19.5% 7.5%
AHI ≥ 10 11.1% 6.1%
AHI ≥ 15 8.4% 5.4%
OSAS = AHI plus
Symptoms

Sharma et al.,
2006 [16]

2150 semiurban
community in
Delhi

30–60
(1) Questionnaire
(2) PSG on subgroup in 150
subjects

AHI ≥ 5 13.7%
OSAS = AHI ≥ 5 plus
Symptoms 3.6%

Pływaczewski
et al., 2008
[17]

1503 from
Warsaw electoral
registers

Over 30
years of
age

(1) Questionnaire
(2) PSG on subgroup in 676
subjects

AHI ≥ 10 14.3%
OSAS = AHI ≥ 10 plus
Symptoms 7.5%

Abbreviations: AHI: apnea hypopnea index; PSG: polysomnography; SDB: sleep disordered breathing; M: male; F: female.

2. OSAS Epidemiology

A variety of epidemiological studies have demonstrated the
high prevalence of OSAS and its relation to cardiovascular
risk factors (Table 1).Durán et al. in 2001, performed 555 com-
plete polysomnographies and found sleep disordered breath-
ing, defined as AHI > 5, in 26.3% of men and 28% of women.
AHI was associated with hypertension after adjusting for age,
sex, BMI, neck circumference, alcohol use, and smoking habit
[14]. In India, Udwadia et al. found a 19.5% prevalence of
sleep disordered breathing, defined as AHI > 5, and 7.5%
prevalence ofOSAS, defined asAHI> 5with symptoms. BMI,
neck circumference and diabetes mellitus were found to be
associated with sleep disordered breathing [15]. Sharma et al.
reported a 13.7% overall prevalence of sleep disordered
breathing and 3.6%prevalence ofOSAS.Multivariate analysis
revealed that male gender, age, obesity, and waist/hip ratio
were significant risk factors for OSAS [16].

Pływaczewski et al. found a 7.5% prevalence of OSAS.
OSAS was found to be an independent predictor of coronary
artery disease after adjusting for age, sex, BMI, neck circum-
ference, and smoking habit [17].

As age advances, sleep breathing related difficulties be-
come increasingly common. Several OSAS studies in older
populations report little or no association of OSAS with
sleepiness, hypertension, or decrements in cognitive function
[18, 19].

3. OSAS and Cardiovascular
Diseases Mechanisms

The mechanisms involved in the association between OSAS
and vascular diseases are complex and diverse. Patients

with OSAS experience repetitive episodes of hypoxia and
reoxygenation during transient cessation of breathing that
may provoke systemic effects. These patients also present
increased levels of biomarkers linked to endocrine-metabolic
and cardiovascular alterations. The relation between OSAS
and cardiovascular disease involves a number of mechanisms
such as the following (Figure 1).

3.1. Sleep Fragmentation. The importance of sleep to health
and cardiovascular disease has become increasingly apparent.
Percentage time in slow wave sleep has been inversely associ-
ated with incident hypertension (regardless of sleep duration
and fragmentation) and sleep-disordered breathing. In fact,
selective deprivation of slow wave sleep may contribute to
adverse blood pressure in older men [20]. Bekci et al. found
that total antioxidant capacities were decreased in the higher
arousal index, suggesting that patients with higher arousal
index may be more prone to vascular events [21].

In OSAS, severe sleep fragmentation disturbs nocturnal
renin and aldosterone secretion profiles and increases night-
time urine excretion. CPAP treatment has been reported to
improve sleep, restore plasma renin activity and aldosterone
oscillations, and lower nocturnal urine natriuresis and diure-
sis [22].Møller et al. found that long-termCPAP (Continuous
positive airway pressure) reduced blood pressure, which was
correlated with reductions in plasma renin and angiotensin II
levels [23].

Extreme sleep habits can affect health and have been asso-
ciated with increased inflammation. Significant changes in
habitual sleep duration can lead to chronic low-grade sys-
temic inflammation [24] and activation of proinflammatory
pathways may represent a mechanism. In a study involving
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Figure 1: A schematic summary of the proposed sequence of events in obstructive sleep apnea syndrome starting from episodic hypoxia and
sleep fragmentation.

pediatric OSAS patients, increased TNF-𝛼 levels were pri-
marily driven by sleep fragmentation and BMI. These levels
were closely associated with the degree of sleepiness. Surgical
treatment of OSAS resulted in significant reductions in TNF-
𝛼 levels and reduction in sleepiness [25].

3.2. Enhanced Sympathetic Traffic. In OSAS, there is en-
hanced sympathetic traffic through a tonic activation of
chemoreflex activity that normalizes with CPAP treatment
[26, 27]. OSAS-associated disturbances, especially chronic
intermittent hypoxia and enhanced sympathetic activity,
lead to upregulation of the renin-angiotensin system and
downregulation of nitric oxide synthases [28]. When an
obstructive apnea occurs, it is terminated by a sudden arousal,
that is, lightening of sleep or awakening from sleep [29]. The
cyclic intermittent hypoxia provides the causal link between
upper airway obstruction during sleep and sympathetic acti-
vation during awakening. Cyclic intermittent hypoxia may
lead to sympathoexcitation via two mechanisms: first, aug-
mentation of peripheral chemoreflex sensitivity (hypoxic
acclimatization) and, second, direct effects on sites of central
sympathetic regulation.

In a study in healthy humans, intermittent hypoxia sig-
nificantly increased sympathetic activity and daytime blood
pressure after a single night of exposure. The baroreflex con-
trol of sympathetic outflow declined [30]. Surges in sympa-
thetic nervous system activity associated with apneic events
have also been related to antifibrinolytic activity reflected by
elevations in PAI-1 [31].

Increased sympathetic activity and intermittent hypoxia
associated with apneic episodes has been proposed as a
possible mechanism behind the association between OSAS,
systemic inflammation and cardiovascular disease. CPAP

reduces sympathetic nerve activity [32], increases arterial
baroreflex sensitivity [33], and decreases vascular risk [34].

3.3. Oxidative Stress. In OSAS patients, increased production
of superoxide by neutrophils [35], increased biomarkers of
lipid peroxidation [36], and increased levels of 8-isoprostanes
[37] have been observed.There is an emerging consensus that
OSAS is an oxidative stress disorder.

Apnea produces a decline in oxygen levels followed by
reoxygenation when breathing resumes. Cyclical episodes
of hypoxia-reoxygenation, which are analogous to cardiac
ischemia/reoxygenation injury,may causeATPdepletion and
xanthine oxidase activation and increases the generation of
oxygen-derived free radicals. CPAP therapy decreases the
levels of oxidative stress in OSAS patients [38, 39].

In a study involving children with OSAS, Malakasioti
et al. found increased hydrogen peroxide levels in exhaled
breath condensate, which is an indirect index of altered redox
status in the respiratory tract [40].

Oxidative stress can profoundly regulate the cellular tran-
scriptome through activation of transcription factors, includ-
ing specificity protein-1, hypoxia-inducible factor-1, c-jun,
and possibly NF𝜅𝛽. Activation of redox-sensitive gene
expression is suggested by the increase in some protein prod-
ucts of these genes, including vascular endothelial growth
factor [41], erythropoietin [42], and endothelin-1 [43]. Low
oxygen tension is a trigger for activation of polymorphonu-
clear neutrophils, which adhere to the endothelium [44].

Increased oxidative stress has been associated with devel-
opment of cardiovascular diseases and can be promoted by
the chronic intermittent hypoxia characteristic of OSAS [45].
A variety of studies suggest that oxidative stress is present
in OSAS at levels relevant to tissues such as the arterial
wall [46, 47]. This process enhances lipid uptake into human
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macrophages and may contribute to atherosclerosis in OSAS
patients [48]. Furthermore, OSAS decreases blood antioxi-
dant status in high-BMI subjects and may change the rela-
tionship between oxidative stress markers [49]. After CPAP,
expression of eNOS and phosphorylated eNOS was found to
be significantly increased, whereas expression of nitrotyro-
sine and nuclear factor-kappaB was significantly decreased
[50]. However, other studies have shown that CPAP may not
affect antioxidant defense [51]. Nair reported that oxidative
stress is mediated, at least in part, by excessive NADPH
oxidase activity. This author suggests that pharmacological
agents targeting NADPH oxidase may provide a therapeutic
strategy in OSAS [52].

3.4. Systemic Inflammation. In OSAS, intense local and
systemic inflammations are present. Insofar as local inflam-
mation, bronchial and nasal changes are especially relevant
[53]. In a study by Carpagnano et al., OSAS patients showed a
significant increase in IL-8 and ICAM concentrations in both
plasma and exhaled condensate. In addition, they showed a
higher neutrophil percentage in induced sputum.These find-
ings were significantly and positively correlated to AHI [54].
In a recent study of 80 nonsmoking males, Cofta et al., found
a progressive increase in the concentrations of three selectins
with the severity of OSAS [55].

Adhesion of circulating leukocytes to the endothelial
cells is considered one of the initial steps in the pathogenesis
of atherosclerosis. The repetitive hypoxia-reoxygenation
episodes associated with apneas and hypopneas in OSAS up-
regulate the production of inflammatory mediators and the
expression of adhesion molecules. Different studies have
reported changes in circulating levels of adhesion molecules
in OSAS patients [56, 57]. Dyugovskaya et al. analysed
polymorphonuclear apoptosis and expression of adhesion
molecules in vitro in patients with moderate to severe OSAS.
Decreased apoptosis and increased expression of adhesion
molecules were observed. Although adhesion molecules may
facilitate increased polymorphonuclear-endothelium inter-
actions, decreased apoptosis may further augment these
interactions and facilitate free radical and proteolytic
enzymes [58].

OSAS patients present increased levels of inflammatory
mediators such as TNF𝛼 and IL-6 [59, 60] that decrease with
CPAP treatment [61, 62].

Systemic inflammation is increasingly being recognized
as a risk factor for a number of complications including ath-
erosclerosis [63] and is a well-established factor in the
pathogenesis of cardiovascular disease [64]. Serum amyloid
A is a major acute-phase protein in humans that has been
associated with cardiovascular disease [65]. Levels of this
protein are chronically elevated in patients with OSAS [66]
and improve with CPAP [67].

C-reactive protein is an important serum marker of
inflammation with major implications for cardiovascular
morbidity and atherogenesis [68]. C-reactive protein levels
are increased in OSAS in accordance with disease severity
[69–71] and are decreased after CPAP treatment [72, 73].

The mechanisms by which inflammation contributes
to OSAS-induced vascular dysfunction are not known.

Reoxygenation after a brief period of hypoxia as experi-
enced repetitively and systematically by OSAS patients may
predispose to cell stress, possibly because of mitochondrial
dysfunction. It has been suggested that such events favor
the activation of a proinflammatory response as mediated
through the transcription factor nuclear NF𝜅𝛽, a master
regulator of inflammatory gene expression. The downstream
effects of this activation include increased expression of
inflammatory cytokines which may contribute to endothelial
dysfunction and subsequently cardiovascular complications
[74].

Inflammation may be an important link between
increased sympathetic nervous system activity and vascular
dysfunction in OSAS. Chronically elevated sympathetic
activity produced an inflammatory response in several
organs and vascular beds [75].

Some authors point to the role of the T lymphocyte.
This cell is known to play an important role in angiotensin
II-induced hypertension and endothelial dysfunction via
NADPH oxidase-induced superoxide production [76].

Increased expression of inflammatory cytokines may
contribute to endothelial dysfunction and subsequent car-
diovascular complications. Currently, some studies suggest
that pentraxin 3, an acute phase response protein, is rapidly
produced and released by several cell types, especially
mononuclear phagocytes and endothelial cells in response
to primary inflammatory signals. Pentraxin 3 may play a
significant role in OSAS-associated vascular damage [77].
Arnaud et al. reported that some inhibition ofmolecules such
as RANTES/CCL5, a cytokine that selectively attracts mem-
ory T lymphocytes andmonocytes,may play a significant role
in athesrosclerosis remodeling andOSAS-associated vascular
damage [78].

However, mesenchymal stem cells triggered an early
anti-inflammatory response in rats subjected to recurrent
obstructive apneas, suggesting that these stem cells could play
a role in the physiological response to counterbalance inflam-
mation in OSAS [79].

In healthy human males, Querido et al. analysed the
effect over 10 days of nightly intermittent hypoxia in the fol-
lowing systemic inflammatory markers: serum granulocyte
macrophage colony-stimulating factor, interferon-𝛾, inter-
leukin 1𝛽, interleukin 6, interleukin 8, leptin, monocyte
chemotactic protein-1, vascular endothelial growth factor,
intracellular adhesion molecule-1, and vascular cell adhesion
molecule-1. There was no significant change in any of the
markers. These findings suggest that a more substantial or
a different pattern of hypoxemia might be necessary to
activate systemic inflammation, that the system may need
to be primed before hypoxic exposure, or that increases in
inflammatory markers in OSAS patients may be more related
to other factors such as obesity or nocturnal arousal [80].

3.5. Hypercoagulability. Hypercoagulability resulting from
increased coagulation or inhibited fibrinolysis is associated
with an increased risk for cardiovascular disease [81, 82].
This is another factor implicated in its association with OSAS
[83, 84].
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A variety of findings support the existence of a rela-
tion between hypercoagulability, OSAS, and cardiovascular
disease. Firstly, patients with OSAS present higher plasma
levels of several procoagulant factors such as fibrinogen [85],
activated clotting factor FVII (FVIIa), FXIIa, and throm-
bin/antithrombin III complexes [86], platelet activity [87],
and the fibrinolysis-inhibiting enzyme plasminogen activa-
tor inhibitor (PAI-1) [88, 89]. Secondly, increased D-dimer
levels in untreated OSAS have been correlated with severity
of nocturnal hypoxemia, characteristic of OSAS [90]. Von
Känel et al., found that OSAS patients showed lower mesor
(mean) and amplitude (difference between maximum and
minimum activity) of D-dimer. However, there were no sig-
nificant differences in changes of periodic pattern and in day/
night rhythm parameters of prothrombotic markers pre- to
posttreatment between the CPAP and placebo condition [91].

Thirdly, sleep fragmentation and sleep efficiency data
have been associated with increased levels of vonWillebrand
factor and soluble tissue factor, two markers of a prothrom-
botic state [92].

3.6. Endothelial Dysfunction. Endothelial dysfunction is an
early marker of vascular abnormality preceding clinically
overt cardiovascular disease [93–95]. It is known from years
ago that endothelial dysfunction identified in the peripheral
vasculature strongly predicts coronary disease [96].

The intact endothelium regulates vascular tone and repair
capacity, maintaining proinflammatory, anti-inflammatory,
and coagulation homeostasis. Alteration of these homeostatic
pathways results in endothelial dysfunction before structural
changes in the vasculature. The hypoxia, hypercapnia, and
pressor surges accompanying obstructive apneic events may
serve as potent stimuli for the release of vasoactive sub-
stances. Levels of nitric oxide, a major vasodilator substance
released by the endothelium, have been found to be decreased
in OSAS patients, and these levels normalize with CPAP
therapy [97].

In OSAS, endothelial dysfunction could be caused by
both hypoxia-reoxygenation cycles and chronic sleep frag-
mentation produced by repetitive arousals. A causal rela-
tionship between OSAS and endothelial dysfunction was
demonstrated by a study in which flow-mediated dilation in
the forearmwas improved byCPAP treatment [98, 99]. Levels
of nitric oxide, a major vasodilator substance released by the
endothelium, have been found to be decreased in OSAS
patients, and these levels normalize with CPAP therapy [100].

A number of studies involving OSAS patients indicate an
associated endothelial dysfunction [101–103] that improves
after CPAP [104, 105]. In addition to the fact that OSAS
comorbidities (e.g., hypertension, diabetes, hyperlipidaemia,
and smoking) may result in endothelial dysfunction, OSAS
itself may be an independent risk factor.

Among the most important vasoconstrictive substances
is endothelin-1, a peptide hormone secreted under the influ-
ence of hypoxia [106]. Several studies have reported higher
endothelin-1 levels in OSAS patients [107, 108]; however,
Grimpen et al. report conflicting findings [109]. This diver-
gence might be explained by differences in study design. The
groups studied by Phillips and Saarelainen had more severe

disease and, thus, underwent more severe oxygen desatu-
rations that acted as a trigger for endothelin-1 secretion.
Gjørup et al. showed that hypertensive OSAS patients had
greater nocturnal and diurnal endothelin-1 plasma levels than
healthy controls, suggesting that OSAS does not affect plasma
endothelin-1 levels in the absence of coexistent cardiovascular
diseases [110].

The inconsistency of the above endothelin-1 levels likely
reflects the predominantly abluminal release of endothelin.
Using rat models of arterial hypertension, several authors
have reported elevated vascular production of endothelin-1,
while circulating levels remained similar to controls [111, 112].
This demonstrates that circulating levels of endothelin-1 do
not exclude elevated vascular production in OSAS.

In recent years, endothelial progenitor cells have gained a
central role in vascular regeneration and endothelial repair
capacity through angiogenesis and restoring endothelial
function of injured blood vessels. Endothelial dysfunction is
frequently present in OSAS [113] and may have a potential
role in the pathogenesis of vascular diseases that is pertinent
to OSAS [114].

Furthermore, It has been reported that microvascular
endothelial function is affected by OSAS predominantly
through increased oxidative stress, and treatment of OSAS
may improve endothelial functionmainly by reducing oxida-
tive stress [115, 116].

3.7. Vibration Resulting from Snoring. Snoring associated
vibration energy transmission from the upper airway to the
carotid artery has been hypothesized as a potential
atherosclerotic plaque initiating and rupturing event that
may provide a pathogenic mechanism linking snoring and
embolic stroke. The vibration produced by snoring could
lead to vessel wall damage in the carotid arteries [117, 118].

In animals models, Howitt et al. demonstrated the trans-
mission of oscillatory pressure waves from the upper airway
lumen to the peripharyngeal tissues and across the carotid
artery wall to the lumen [119]. Cho et al. found carotid
arteries subjected to continuous pericarotid tissue vibration
displayed endothelial dysfunction, suggesting a direct plau-
sible mechanism linking heavy snoring to the development
of carotid atherosclerosis [120]. Although intriguing, this
concept requires further study.

4. Obesity

OSAS often coexists with obesity and many epidemiological
studies have demonstrated the existence of an association.
Significant OSAS is present in approximately 40% of obese
individuals, and about 70% of OSAS patients are obese [121].
Young et al. estimated that the majority of severe OSAS
cases (58%) were due to obesity [122]. In fact, obesity
parameters such as BMI, neck circumference, and visceral
fat accumulation have been identified as the most important
predictors of OSAS [123, 124].

Obesity is one of the major cardiovascular risk factors
associated with OSAS. The OSAS-obesity association may
have an influence on other disorders, such as cardiovascular
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diseases. Vgontzas et al. found a strong independent associa-
tion between OSAS, visceral obesity, and insulin resistance.
This author demonstrated that male obese patients with
OSAS had a greater amount of computerised tomography-
determined visceral adipose tissue in the abdomen than a
group of BMI-matched men without OSAS [125]. Moreover,
increased abdominal fat accumulation has been singled out as
an independent risk factor for cardiovascular diseases [126].
It has been suggested that upper abdominal obesity is more
insulin resistant and releases metabolically active products
into the portal circulation.

The mechanism by which obesity can favor the onset
of OSAS is not well known, but it could be that central
obesity precipitates or exacerbates OSAS because fat deposits
in the upper airway affect distensibility [127]. The increased
volume of abdominal fat could predispose to hypoventilation
during sleep and/or reduce the oxygen reserve, favoring
oxygen desaturation during sleep [128]. In recent years,
much attention has been focused on the interaction between
OSAS and products released by adipose tissue such as leptin,
adiponectin, resistin, and ghrelin [129].

4.1. Leptin. Leptin is an adipocyte-derived hormone that
regulates body weight through control of appetite and energy
expenditure [130]. Furthermore, leptin is a cytokine and is
therefore also involved in the inflammatory process. Several
studies have shown increased levels of leptin in OSAS
suggesting its role in the disease [131–133]. The mechanisms
underlying the relation between leptin and OSAS are very
diverse and may involve overnight changes in apnea levels
[134, 135], sleep hypoxemia [136], and hypercapnia [137].

A direct relationship between OSAS and leptin is sup-
ported by the fact that effective OSAS treatment with CPAP
also influences leptin levels [138, 139]. Although the precise
mechanism explaining the effect of CPAP has not yet been
elucidated, it can be inferred that reduction in sympathetic
activity [140] and improvement in insulin sensitivity play a
role [141].

Leptin levels have been proposed as a prognostic marker
for OSAS [142, 143] and have been implicated in the patho-
genesis of OSAS and related cardiovascular disease [132,
144, 145]. Leptin’s role had been recently extended into that
of participant to oxidative stress, although its exact role
in this process is yet to be defined. Elevated leptin levels
correlate significantly with several indices of OSAS disease
severity such as nocturnal hypoxemia. Leptin may be a
counteractive mechanism against chronic intermittent hyp-
oxia-related oxidative stress and may also be a marker for
atherosclerosis risk [146].

4.2. Adiponectin. Adiponectin is an adipocyte-derived
cytokine with regulatory functions in glucose and lipid
metabolism. It also has profound anti-inflammatory and
antiatherogenic effects. Levels of plasma adiponectin are
decreased in obesity and metabolic syndrome [147, 148].
OSAS has independently been associated with reduced levels
of adiponectin [149, 150] which may favour cardiovascular
disease development. The recurrent hypoxia-reoxygenation

attacks in OSAS patients may activate oxidative stress and
lead to low levels of adiponectin [151].

Some authors have observed that serum adiponectin
levels may be independent of the degree of OSAS [132].
Decreased adiponectin may result from increased sympa-
thetic activity [152] and higher levels of cytokines such as IL-
6 and TNF𝛼 [153]. In fact, there are conflicting reports as
to whether CPAP treatment of OSAS effectively normalizes
adiponectin levels [154, 155].

Obesity has been implicated in the relation between
OSAS and adiponectin [156]. In a study involving media
under hypoxic conditions in an ex vivo mouse model,
adiponectin secretion was measured. In obese mice, hypoxic
stress reduced adiponectin in the supernatant of mesenteric
fat tissue but not subcutaneous fat tissue. These findings
suggest that abdominal obesity, representing abundant
mesenteric fat tissue susceptible to hypoxic stress, partly
explains adiponectin levels in OSAS patients, and that reduc-
tion of visceral fat accumulation may combat OSAS-related
atherosclerotic cardiovascular diseases in abdominal obesity
[157].

4.3. Resistin. Resistin is a white adipose tissue hormone
whose function has yet to be established. Evidence suggests
that resistin is involved in pathological processes leading to
cardiovascular disease including inflammation, endothelial
dysfunction, thrombosis, angiogenesis, and smooth muscle
cell dysfunction [158]. In a study of 20 obese OSAS patients,
Harsch et al. found that CPAP treatment of OSAS had no
significant influence on resistin levels [159]. InOSAS patients,
hypoxic stress during sleep may enhance resistin produc-
tion, possibly mediating systemic inflammatory processes.
Through its effect on OSAS, CPAP therapy may help control
resistin production [160].

4.4. Ghrelin. Ghrelin is a hormone that influences appetite
and fat accumulation and its physiological effects are opposite
to those of leptin. Current experimental evidence suggests
that ghrelin may act centrally to decrease sympathetic ner-
vous system activity through peripheral afferent nerve [161].
Thus, administration of ghrelin might become a unique new
therapy for cardiovascular diseases [162].

In a study of 30 obese OSAS patients, Harsch et al. found
that plasma ghrelin levels were significantly higher in OSAS
patients than in controls. These elevated ghrelin levels could
not be explained by obesity alone, since they rapidly de-
creased with CPAP therapy [163]. In a study of 55 consecutive
OSAS patients, the study group presented significantly higher
serum ghrelin levels than controls. No significant difference
was noted in the levels of leptin, adiponectin, and resistin.
There was a significant positive correlation between ghrelin
and AHI [164].

Increased ghrelin levels have been found to support the
presence of increased appetite and caloric intake in obese
patients with OSAS, which in turn may further promote the
severity of the underlying conditions [165]. In obese children,
OSAS is associated with daytime sleepiness, elevation of
proinflammatory cytokines, increased leptin, and decreased
adiponectin [166]. However, in a recent study, OSAS patients
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with excessive daytime sleepiness were associated with
increased circulating hypocretin-1 and decreased circulating
ghrelin levels. This relationship is independent of AHI and
obesity [167].

5. OSAS and Insulin Resistance

Dysglycemia and diabetes also increase the risk of developing
cardiovascular disease [168]. With respect to OSAS, Mondini
and Guilleminault found increased frequency of abnormal
breathing during sleep in both lean and obese diabetics [169].
Elmasry et al. studied 116 hypertensive men and found a 36%
prevalence of severe OSAS in diabetes patients compared to
15% in controls [170]. West et al. involving men with type
2 diabetes also reported a very high prevalence of OSAS
(23%) [171, 172]. Several studies have reported that diabetic
subjects with autonomic neuropathy, regardless of severity,
had a relatively high prevalence of OSAS (26% and 30%).
[153, 173].

OSAS might be a manifestation of an endocrine/
metabolic abnormality with a strong role played by insulin
resistance [174–176]. A variety of studies based on animal
models have shown that hypoxia can alter glucose home-
ostasis [177, 178]. Polotsky et al. described that long-term
exposure to intermittent hypoxia increased levels of insulin
and glucose intolerance in obese, leptin-deficient mice [179].
Humans exposed to hypoxia present worsened glucose toler-
ance [180].

Most studies involving OSAS and insulin resistance have
demonstrated an association between these two diseases,
regardless of obesity [181, 182]. In a large population-based
study involving normoglycemic hypertensive men, Resnick
et al. found that the severity of OSAS was associated with
increased insulin resistance [183]. Insulin resistance is associ-
ated with states of inflammation. Monocyte chemoattractant
protein-1 levels are elevated in OSAS and may be involved
in the pathogenesis of insulin resistance in these patients
[184, 185].

6. Metabolic Syndrome and OSAS

Metabolic syndrome is an emerging public health problem
that represents a constellation of cardiovascular risk factors
[186]. The association of metabolic syndrome with cardio-
vascular disease was already observed more than 40 years
ago [187]. In addition, Reaven confirmed that metabolic syn-
drome was a well-established risk factor for cardiovascular
disease [188].

The diagnosis ofmetabolic syndrome is based on a variety
of criteria. According to the National Cholesterol Education
Program (NCEP) guidelines, a diagnosis of metabolic syn-
drome requires three or more of the following risk factors:
waist circumference 102 cm, triglycerides 1.7mmol/L, HDL
cholesterol < 1.04mmol/L, blood pressure 130/85mmHg,
and fasting glucose 6.1mmol/L [189].

Theprevalence ofmetabolic syndrome ismarkedly higher
among OSAS patients. Ambrosetti et al. studied 89 consec-
utive OSAS patients and found metabolic syndrome in 53%
of them [190]. Obese OSAS patients may have an increased

rate of metabolic syndrome and higher levels of serum lipids,
fasting glucose, leptin, and fibrinogen than obese subjects
without OSAS. Thus, clinicians should be encouraged to sys-
tematically evaluate the presence of metabolic abnormalities
in OSAS and vice versa [191] (Figure 2).

A number of previous epidemiological studies have found
links between OSAS and metabolic syndrome. Vgontzas et
al. reported that fasting glucose and insulin levels were
significantly higher in OSAS patients compared to weight-
matched control subjects. They also found that OSAS led
to systemic inflammation and metabolic syndrome [192].
Gruber et al. prospectively studied 38 subjects with OSAS
and 41 controls. After adjusting for age, BMI, and smoking,
OSASpatientswere found to be nearly six timesmore likely to
have metabolic syndrome than control group [193]. In a 255-
subject study by Lam et al. a similar likelihood was reported
[194]. Shina et al. reported that C-reactive protein was higher
in patients with both OSAS and metabolic syndrome [195].
Bonsignore et al. conclude that the metabolic syndrome
occurs in about half of OSAS patients, irrespective of daytime
sleepiness, and is a reliable marker of insulin resistance [196].

Both OSAS and metabolic syndrome may exert negative
synergistic effects on the cardiovascular system throughmul-
tiple mechanisms [197, 198]. In a study by Su et al., metabolic
factors such as a higher BMI and fasting blood glucose and
a lower HDL-cholesterol level were more strongly associ-
ated with elevated cardiovascular disease than with OSAS
severity, suggesting that metabolic parameters are impor-
tant contributors to cardiovascular diseases and should be
corrected in patients with OSAS [199]. In a double-blind,
placebo-controlled trial in OSAS patients, 3 months of
CPAP therapy lowers blood pressure and partially reverses
metabolic abnormalities [200].

7. OSAS and COPD

COPD is a systemic disease with multiple effects on end-
organs including organs in the cardiovascular system [201].
Patients with diagnosed and treated COPD are at increased
risk for hospitalizations and deaths due to cardiovascular
diseases [202, 203]. Several studies have focused on the
relation between endothelial dysfunction and COPD [204–
206].

Systemic inflammation is the main atherothrombotic
abnormality in COPD, but hypoxia-related platelet activa-
tion, procoagulant status, and oxidative stress may play a
role [207, 208]. Mills et al. showed that patients with COPD
have increased arterial stiffness and blood pressure in com-
parison with controls matched for age and smoking status
[209]. Furthermore, there is evidence that COPD patients
have a perturbed neurohumoral regulatory system leading
to sympathovagal imbalance [210, 211]. This process may be
related to chronic respiratory or metabolic conditions that
manifest hypoxia, hypercapnia, and acidosis and elicit a
maladaptive autonomic and inflammatory response [212].

OSAS may coexist with COPD and this combination
has been the focus of extensive study. Flenley referred to it
as “overlap syndrome” [213]. Overlap patients present more
nocturnal desaturation than patients with either OSAS or
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Figure 2: Obstructive sleep apnea syndrome and metabolic syndrome. Current perspective.

COPD alone [214]. Individuals with overlap syndrome are at
greater risk for pulmonary hypertension, right heart failure,
and hypercapnia than patients who have either COPD or
OSAS alone [215].

As inflammatory diseases, both OSAS and COPD are
associated with higher cardiovascular risk. The mecha-
nisms that may be involved include vascular inflammation,
endothelial dysfunction, and tonic elevation of sympathetic
neural activity. In sum, OSAS is one of the most frequent
COPD comorbidities and may bring on increased inflamma-
tion [216–218]. The overlap syndrome is associated with an
increased risk of death and hospitalization because of COPD
exacerbation. CPAP treatment was associated with improved
survival and decreased hospitalizations in patients with
overlap syndrome [219]. Treatment consists of CPAP or
noninvasive positive pressure ventilation, with or without
associated O2, for correction of the upper airway obstructive
episodes and hypoxemia during sleep [220, 221].

8. Conclusions

OSAS and intermittent hypoxia are associated with early
vascular changes. Animal and clinical data support a specific
role for intermittent hypoxia in promoting cellular changes at
the vascular wall level thus triggering atherosclerosis. Inde-
pendently, OSAS impairs endothelial function by altering
regulation of endothelial vasomotor tone and repair capacity
while promoting vascular inflammation and oxidative stress.

There is increasing evidence of a causal relationship
between OSAS and metabolic dysfunction. OSAS, by inter-
mittent hypoxia, may induce or exacerbate various aspects of
metabolic syndrome. Clinical studies show that OSAS can
affect glucose metabolism, cholesterol, and inflammatory
markers. Identification ofOSAS as a potential causative factor
inmetabolic syndromewould have significant clinical impact

and could improve the management and understanding of
both disorders.

The association of OSAS with endocrine-metabolic and
cardiovascular alterations indicates that, more than a local
abnormality, OSAS should be considered a systemic dis-
ease. A vicious cycle may also appear involving hypoxemia-
reoxygenation cycles, oxidative stress, and elaboration of
proinflammatory cytokines promoting a more generalized
inflammatory state.

Sleep apnea research is an intriguing field providing con-
siderable contributions to the cardiovascular literature with
exciting insights for clinicians, basic scientists, and epidemi-
ologists.
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Obstructive sleep apnea is recognized as having high prevalence and causing remarkable cardiovascular risk. Coronary artery
disease has been associated with obstructive sleep apnea in many reports. The pathophysiology of coronary artery disease in
obstructive sleep apnea patients probably includes the activation of multiple mechanisms, as the sympathetic activity, endothelial
dysfunction, atherosclerosis, and systemic hypertension. Moreover, chronic intermittent hypoxia and oxidative stress have an
important role in the pathogenesis of coronary disease and are also fundamental to the development of atherosclerosis and other
comorbidities present in coronary artery diseases such as lipid metabolic disorders. Interestingly, the prognosis of patients with
coronary artery disease has been associated with obstructive sleep apnea and the severity of sleep disordered breathing may have
a direct relationship with the morbidity and mortality of patients with coronary diseases. Nevertheless, treatment with CPAP may
have important effects, and recent reports have described the benefits of obstructive sleep apnea treatment on the recurrence of
acute heart ischaemic events in patients with coronary artery disease.

1. Introduction

Obstructive sleep apnea (OSA) is a common medical con-
dition characterized by abnormal collapse of the pharyngeal
airway during sleep, causing repetitive arousals, and drops in
the oxygen saturation. It is highly prevalent in the general
population [1] and it acts as an independent risk factor for
hypertension (HT) [2, 3]. In addition, several studies have
suggested that OSA is associated with other cardiovascular
diseases such as heart failure [4], arrhythmias [5], pulmonary
hypertension [6], and coronary artery disease (CAD).

Although mortality from CAD has fallen since 1975, it is
still a major cause of death and disability in developed coun-
tries. The high prevalence of cardiovascular risk factors in
the general population (diabetes mellitus, cigarette smoking,
obesity, hypertension, and lack of regular physical activity)
facilitates the development of atherosclerosis in coronary
arteries and, subsequently, the presence of CAD. Although
clinical guidelines for the management of CAD still do not
consider OSA as a specific risk factor, results from the Sleep
Heart Health Study have shown that OSA may increase

the risk of CAD inmiddle-agedmenwith an apnea-hypopnea
index (AHI) ≥ 30 h−1 [7].

2. Association between Obstructive Sleep
Apnea and Coronary Artery Disease

Several cross-sectional and epidemiological studies have
evaluated the association between OSA and CAD. In a case-
control study, Mooe et al. [8] selected 102 women with CAD
and 50 age-matched controls and reported that CAD patients
had a higher prevalence of sleep breathing disorders than
the control group (AHI ≥ 5 h−1: 54% versus 20%, 𝑃 <
0.0001; AHI ≥ 10 h−1: 31% versus 18%, 𝑃 < 0.05, resp.).
These findings were also described in men, where authors
observed that 37% of patients with CAD had an AHI ≥
10 h−1 [9]. Despite their interesting findings, these studies had
several limitations. For instance, important cardiovascular
risk factors, such as cholesterol levels, were not included in
the analysis. Also, in the manual score of the sleep study,
authors did not discriminate between central and obstructive
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apneas. And finally, a questionnaire was only used about
coronary symptoms to exclude CAD in the control subjects.
A similar association had been found in a population cross-
sectional study. Shahar et al. [10], analyzed the association
between OSA and self-reported cardiovascular disease in
6.424 individuals who underwent overnight polysomnog-
raphy from the Sleep Heart Health Study. They showed
that subjects with the highest quartile of AHI (AHI > 11
events h−1) had an adjusted ratio of 1.27 for self-reported
CAD. Recently, Gottlieb et al. [7] have found a significant
association between severe OSA and coronary heart disease
in middle-aged men from the Sleep Heart Health Study, and
they reported a significant association between severe OSA
and coronary heart disease in middle-aged men.

There is some evidence suggesting that the prevalence and
the severity of OSA are modified along the CAD evolution.
Moruzzi et al. [11] performed overnight polysomnographic
studies in three groups of CAD patients: immediately after
an acute myocardial infarction (AMI) (group 1), after clinical
stabilization of unstable angina (group 2), and with stable
angina (group 3). They observed a significantly higher AHI
in groups 1 and 2 compared with group 3 (11.1 ± 19.4 h−1,
14.7 ± 5.20 h−1, and 2.8 ± 6.4 h−1, resp.; 𝑃 < 0.01). However,
studies from Mooe et al. [8] and Moruzzi et al. [11] did
not adjust properly for confounding factors. So Peker et al.
[12] performed a case-control study adjusted for several
cardiovascular risk factors that included hypertension, hyper-
cholesterolemia, diabetes, and smoking, and compared the
results of sleep recording studies of 62 patients admitted
in the coronary care unit due to acute CAD and 62-age-,
sex-, and BMI-matched control subjects without history or
signs of heart disease. OSA (AHI ≥ 10 h−1) was present in
19 CAD patients but only in 8 control subjects (𝑃 = 0.017).
In the multiple logistic regression analysis, current smoking
(odds ratio [OR] 9.8, 95% CI 2.6–36.5), diabetes (OR 4.2,
95% CI 1.1–17.1), and OSA (OR 3.1, 95% CI 1.2–8.3) were
independently associated with coronary disease. However,
this study also had several limitations as the high prevalence
of hypercholesterolemia in both groups (>80% of patients),
the sleep diagnostic procedure used, and the substantial
delay between the cardiac event and the sleep study (4–
21 months). Supporting the relationship between OSA and
CAD, Lee et al. [13] and Nakashima et al. [14] have also found
similar results and they have observed a moderate-severe
OSAS (AHI≥ 15 h−1) in 43% and 65.7% of subjects with CAD,
respectively. Despite the high prevalence of OSA reported
in patients with CAD, it is frequently underdiagnosed. One
study demonstrated that OSA was initially suspected in
only 12% of patients admitted with myocardial infarction
(MI) whereas, after an overnight polysomnography, 70% of
patients presented an AHI ≥ 5 h−1 and 41% an AHI ≥ 15 h−1
[15].

There are several explanations for the difference in the
OSA prevalence among the aforementioned studies. The
definition of the ideal timing forOSA screening after an acute
cardiovascular event remains unresolved. Skinner et al. [16]
performed two overnight sleep studies in patients with CAD
(MI, unstable angina or congestive heart failure): at the time

of acute presentation in the Coronary Care Unit and at least
six weeks after hospital discharge. They identified an AHI ≥
15 h−1 in 13 of 26 patients (50%) in the first sleep study but
in only 5 of 18 patients (28%) during the second study. In
fact, it has been reported that the AHI obtained by overnight
polysomnography significantly decreases in the CAD chronic
phase (day 14) with respect to the acute phase (days 3–5)
(6.97 ± 5.67 versus 13.26 ± 11.30, resp.) [17]. Moreover, it
seems that alterations in sleep architecture in CAD subjects
tend to decrease over time. In accordance with this line,
Schiza et al. [18] performed a full-night polysomnography
in 22 patients with acute coronary syndrome (ACS) within
3 days of the first episode and 1 and 6 months later. They
found a progressive increase in the total sleep time, sleep
efficiency, slow wave sleep, and rapid eye movement (REM)
sleep. Despite this, an early identification of OSA in subjects
admitted with ACS does not affect the odds of hospital
readmission in the next six months [19]. Possible reasons that
explain why patients in the acute phase of CAD have higher
OSA diagnosis rate have been reported and they are related
to the supine position of patients in the Coronary Care Unit,
the fragmented sleep with reduced rapid eye movement stage
in the first night and finally, the sleep breathing disorders that
produce coronary ischemic diseases by itself (central apneas).

Not all studies have an adequate assessment of condi-
tions that may increase the prevalence of sleep-disordered
breathing, such as sedation or narcotics use, COPD, alco-
holism, level of consciousness, and stroke. Additionally, the
sleep diagnostic tests differ in several studies, and although
attended polysomnography is considered standard practice
in patients with related medical comorbid conditions [13, 17],
many studies have used nonattended sleep studies [14, 15].
Moreover, definitions of respiratory events have not been
homogeneous. For example, Lee et al. [13], consider a 3%
decrease in oxygen saturation to define hypopneas, while
Nakashima et al. [14] considered them when the drop of
oxygen saturation was equal or greater than 4%.

3. Mechanisms of Coronary Artery Disease in
Obstructive Sleep Apnea

Systemic hypertension is a risk factor for the development
of CAD and guidelines for the management of hypertension
consider that OSA contributes directly to the pathogenesis
of hypertension [3, 20]. OSA is characterized by recurrent
episodes of upper airway collapse during sleep, which is
accompanied by cycles of hypoxia-reoxygenation leading
chronic intermittent hypoxia (CIH). In animal models, it
has been shown that intermittent hypoxia could be associ-
ated with the development of hypertension [21]. Moreover,
CIH may affect the plasma renin-angiotensin activity, the
production of endothelin, and the function of peripheral
chemoreceptors, increasing the sympathetic activity [22].
OSA patients have higher plasma and urinary catecholamine
levels than control subjects [23–25] and the disbalance
between sympathetic and parasympathetic systems may
increase systemic vascular resistance and blood pressure [26].
Furthermore, evidence from animal models supports that
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CIH contributes to vascular remodeling [27] andDrager et al.
[28] reported that an increased carotid intima-media thick-
ness is associated to sympathetic activity and atherosclerosis.

OSA patients present systemic inflammation related
to endothelial dysfunction. CIH has been associated with
endothelial dysfunction independently of other risk factors
for atherosclerosis such as obesity, dyslipidemia, diabetes, or
smoking [29].Moreover, patientswithOSAhave an increased
number of apoptotic endothelial cells and fewer circulating
progenitor cells [30, 31]. Finally, endothelial dysfunction has
been also associated with a reduced availability of nitric oxide
in subjects with OSA [29, 32].

The third mechanism involved in the pathogenesis of
CAD in patients with OSA is due to the development of
atherosclerotic plaques through metabolic, oxidative, and
inflammatory pathways. Recurrent episodes of hypoxia are
associated with adipose tissue dysfunction and production
of different adipokines. Increased leptin levels observed
in OSA are related to endothelial dysfunction, production
of cytokines, platelet aggregation, and oxidative stress [33,
34]. Moreover, obstructive apneas downregulate adiponectin
levels, which are closely associated with endothelial dys-
function and atherosclerosis [35]. Furthermore, dyslipi-
demia is present in many OSA subjects and it is char-
acterized by an increased synthesis and secretion of very
LDL-cholesterol and triglycerides and a reduced secretion
of HDL-cholesterol, promoting atherogenesis [36, 37].

Production of some proinflammatory mediators such as
TNF-𝛼, IL-1, IL-8, and adhesion molecules are promoted by
lipid peroxidation and endothelial dysfunction, resulting in
an environment of systemic inflammation. This facilitates
the recruitment and accumulation of macrophages and fat
cells that further activates lipid peroxidation and promotes
endothelial cell damage and atherosclerosis [38, 39]. C-
reactive protein (CRP), another inflammatory biomarker, has
been associated with ACS. Higher CRP levels have been
reported in OSA patients, but it is difficult to tease out the
independent contribution of obesity on the CRP levels [40,
41] (Figure 1).

This inflammatory process associated to CIH, endothelial
dysfunction and atherosclerosis, is induced and regulated by
several transcription factors, such as kappa-B nuclear factor
(NF-kB) and hypoxia inducible factor (HIF)-1𝛼 [42, 43].They
have a key role in the regulation of the innate immunity
and participate actively in inflammatory pathway. Also, in
animal models, they have been implicated in hypertension
and in components of the metabolic syndrome. However, the
potential role of these and other transcription factors in the
pathogenesis of CAD should be further investigated in the
future, and thereby, combining with individual gene analysis
and personalized medicine, may provide new treatment
strategies for cardiovascular protection.

4. Influence of Sleep-Disordered Breathing on
the CAD Prognosis

There has been growing evidence associating OSA with
prognosis of CAD, both in stable and unstable patients.

Peker et al. [44] observed, during a follow-up period of
5 years, the cardiovascular mortality of 62 consecutive
CAD stable patients with and without OSA. They found
6 cardiovascular deaths in OSA patients (37.5%) and 4 in
the non-OSA group (9.3%) (𝑃 = 0.018). Additionally, in
the Cox multiple conditional regression model, respiratory
disturbance index (RDI) was found to be an independent
predictor of cardiovascular mortality (hazard ratio [HR] =
1.13; 95% CI 1.05–1.21, 𝑃 < 0.001). Main limitations of this
study concern aspects that could affect the prevalence ofOSA,
as the type of sleep studies and the timing of OSA screening
(4–21 months after admission).

Moreover, OSA appeared to affect clinical and angio-
graphic outcomes after percutaneous coronary intervention
(PCI) in patients with ACS. In fact, Yumino et al. [45]
performed a sleep study in 89 patients with ACS and, after a
follow-up mean period of 227 days, they observed a higher
incidence of major adverse cardiac events (cardiac death,
reinfarction, and target vessel revascularization) in patients
with OSA (AHI > 10 h−1) (23.5% versus 5.3%, 𝑃 = 0.022).
Furthermore, OSA was an independent predictor for major
adverse cardiac events (HR 11.62, 95% CI 2.17–62.24; 𝑃 =
0.004) and of subsequent angiographic binary restenosis (HR
7.69, 95% CI 1.74–34.05; 𝑃 = 0.007). Evidence linking sleep-
disordered breathing to increased mortality and cardiovas-
cular morbidity has been conflicting and inconclusive in
patients with established CAD. On one hand, Mooe et al.
[46] in a prospective cohort of 408 patients with chronic
CAD followed during a median period of 5.1 years found that
there was a 70% and a 62% relative increase in the primary
end point (composite of death, cerebrovascular events, and
myocardial infarction) in patients with a desaturation index
(DI) ≥ 5 h−1 and an AHI ≥ 10 h−1, respectively. On the other
hand, Hagenah et al. [47] evaluated the prognostic influence
of OSA in 50 patients with stable CAD. After 10 years of
follow-up, they observed thatOSAdid not increase the risk of
mortality and cardiovascular complications. However, both
groups were not fully comparable, having non-OSA patients
with a tendency to more severe coronary lesions.

Myocardial tissue perfusion after primary PCI plays a
pivotal role in recovery of left ventricular function and patient
prognosis in the clinical setting of ACS [48]. Nakashima et al.
[49] used systolic retrograde flow (SRF) and ST-segment
resolution (STR) <50% to measure myocardial tissue per-
fusion immediately after the PCI in 100 patients with ACS.
They performed overnight polysomnography at 14 days of
admission in all patients and they found in the multiple
logistic regression analysis that OSA induced more severe
microvascular injury related to ischemia-reperfusion (SRF:
OR = 4.46, 𝑃 = 0.044; STR: OR = 3.79, 𝑃 = 0.010). However,
Lee et al. [13] did not find similar results. Tomeasure impaired
microvascular perfusion after primary PCI, these authors
used ST-segment resolution of <70%,myocardial blush grade
0 or 1, or a corrected Thrombolysis in Myocardial Infarction
(TIMI) frame count >28. A sleep study was performed and
completed in 105 patients and OSA was not found associated
with impaired microvascular perfusion after primary PCI.
These differences could be related to the different technique



4 Pulmonary Medicine

Monocyte

Collagen
proteoglycans

T lymphocyte Macrophage

Adventitia

Media

Internal layer

Intima

Necrotic nuclei

Endothelial cells

M.
oxLDL

lisse

Figure 1: Development of atherosclerotic plaques in obstructive sleep apnea patients, modified from Nácher et al. [39].

used to measure myocardial perfusion in both studies. More-
over, differences in the timing of sleep studies (Lee et al.
[13] performed the sleep study 14 to 21 days after hospital
admission, whereas Nakashima et al. [49] did it 2 to 5 days
after hospital admission) could affect the prevalence of OSA
in CAD subjects.

5. CPAP Effect on the Prognosis of
Ischemic Cardiac Disease

Several observational studies have reported that CPAP may
reduce cardiovascular mortality in OSA patients. One study
showed that the incidence of fatal and nonfatal cardiovascular
events during 10 years of follow-up was higher in untreated
severe OSA patients than in patients treated with CPAP or
in healthy subjects [50]. Furthermore, Buchner et al. [51]
reported that treatment of OSA decreases the risk of fatal
and nonfatal cardiovascular events (myocardial infarction,
stroke, and ACS requiring revascularization procedures) in
patients with mild-moderate OSA (HR 0.36, 95% CI 0.21–
0.62, 𝑃 = 0.001) after 72-month follow-up. However, in
this study, the mean duration of follow-up was significantly
different between untreated and treated patients (50.0 ± 49.4
versus 77.0 ± 55.0 months; 𝑃 = 0.001). Moreover, both
Maŕın et al. and Buchner el al. studies did not have a con-
trolled, randomized design, so their findings could not be
used to make causal inferences.

Few studies have assessed the effects of CPAP on the
morbidity and mortality of CAD patients with OSA, but
some recent reports confirm the possible positive impact
of OSA treatment on the prognosis of CAD. An early
report compared the occurrence of a composite endpoint
(cardiovascular death, ACS, hospitalization for heart failure,
or need for coronary revascularization) between OSA patient
who accepted (CPAP = 11 patients, upper airway surgery =
4 patients) and declined OSA treatment (29 patients). At
the end of follow-up (86.5 ± 39 months), the endpoint was
reached in 6 (24%) and 17 (58%) patients with and without
OSA treatment, respectively (𝑃 < 0.01). Moreover, OSA
treatment reduced in 62% the risk of occurrence of the
composite endpoint (HR 0.24; 95% CI: 0.09–0.62; 𝑃 < 0.01)
[52]. Cassar et al. [53] added further information to the
study of Milleron et al. [52]. They designed a retrospective
cohort study of 371 patients diagnosed with OSA (AHI ≥
15 h−1) who subsequently underwent a PCI and evaluated
cardiac death, generalmortality, major adverse cardiac events
(MACE) (severe angina, myocardial infarction, PCI, coro-
nary artery bypass grafting, or death), and major adverse
cardiac or cerebrovascular events (MACCE). They observed
that patients treated for OSA had a statistically significant
decreased number of cardiac deaths on 5-year follow-up
when comparedwith untreatedOSApatients (3% versus 10%,
𝑃 = 0.027), as well as a trend toward decreased all-cause
mortality (11% versus 17%, 𝑃 = 0.058). However, there was
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Figure 2: Time until first recurrent myocardial infarction (a) or revascularization procedure (b) in the three groups of MI patients. Crude
hazard ratio (HR) of treated versus untreated OSA is presented, reproduced from Garcia-Rio et al. [55].

no difference in the number of MACE or MACCE between
the 2 groups.

Two recent studies performed in Spain have analyzed
the efficacy of CPAP treatment in cardiovascular diseases.
Barbé et al. [54], in a multicenter, parallel, randomized
controlled trial, assigned in a 1 : 1 ratio to receive CPAP
treatment or no active intervention in 723 nonsleepy OSA
patients. They compared the incidence of either systemic
hypertension or cardiovascular events (nonfatal myocardial

infarction, nonfatal stroke, transient ischemic attack, hospi-
talization for unstable angina or arrhythmia, heart failure, or
cardiovascular death). At the end of follow-up (4 years), there
were no differences in the hypertension or cardiovascular
event incidence density rate (IDR) betweenCPAPand control
groups.However, in the post hoc analysis, patientswithCPAP
adherence of ≥4 hours per night had a lower incidence of
hypertension or cardiovascular events than control group
(IDR: 0.69, 95% IC 0.50–0.94, 𝑃 = 0.02).
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Recently, we have analyzed the evolution of 192 patients
diagnosed with MI and 96 control subjects after a follow-
up period of 6.5 years. OSA was an independent predictor
of AMI (OR 4.9, IC 95% 2.9–8.3, 𝑃 = 0.017), with directly
proportional relationship. Furthermore, we have observed
that treated OSA patients had a lower risk of recurrent AMI
(HR 0.16, IC 95% 0.03–0.76,𝑃 = 0.021) and revascularization
(HR 0.15, IC 95% 0.03–0.79, 𝑃 = 0.025) than untreated
OSA patients, but a similar risk to non-OSA patients [55]
(Figure 2).

6. Conclusions

OSA is a common condition that is associated with several
cardiovascular complications such as CAD.The CAD patho-
genesis in OSA is complex and probably related to increased
sympathetic activity, endothelial dysfunction, and atheroscle-
rosis. In addition, abnormal lipid metabolism related to
OSA could also participate in the pathogenesis of CAD.
Several studies have reported an association between OSA
and CAD in stable and unstable patients. Furthermore,
the prognosis of subjects with coronary disease could be
affected by the presence and the severity of OSA. Finally,
there is evidence that OSA treatment with CPAP reduces the
mortality and morbidity of CAD patients, but there is still
a need for long-term data to confirm the benefit of CPAP
treatment.
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Coronary artery disease (CAD) and obstructive sleep apnea (OSA) are both complex and significant clinical problems. The patho-
physiological mechanisms that link OSA with CAD are complex and can influence the broad spectrum of conditions caused
by CAD, from subclinical atherosclerosis to myocardial infarction. OSA remains a significant clinical problem among patients
with CAD, and evidence suggesting its role as a risk factor for CAD is growing. Furthermore, increasing data support that CAD
prognosis may be influenced by OSA and its treatment by continuous positive airway pressure (CPAP) therapy. However, stronger
evidence is needed to definitely answer these questions. This paper focuses on the relationship between OSA and CAD from the
pathophysiological effects of OSA in CAD, to the clinical implications of OSA and its treatment in CAD patients.

1. Introduction

Coronary artery disease (CAD) is a major health issue in
developed countries and constitutes a significant cause of
death and disability. The clinical spectrum of CAD ranges
from stable angina pectoris to acute coronary syndromes
(ACSs), a term which includes unstable angina (UA), non-
ST elevation (non-Qwave)myocardial infarction (NSTEMI),
and ST elevation myocardial infarction (STEMI) [1]. The pri-
mary pathologic process causingCAD is coronary atheroscle-
rosis, which causes progressive coronary stenosis, provok-
ing myocardial ischemia when myocardial oxygen demand
exceeds oxygen supply, leading to angina pectoris. On the
contrary, acute coronary syndromes are caused by the loss
of integrity of the protective covering of some atherosclerotic
plaques, leading to thrombus formation and subsequent ves-
sel obstruction [2].

Despite the reduction in mortality rates that occurred
in the past decades, it still affects 6.4% of adults in any of
its forms and constitutes the cause of death of nearly 17%
of adult population in the United States [3]. According to
data from the Framingham Heart Study, a population-based

longitudinal study, nearly one-half of males and one-third of
females over 40 years of age will develop some manifestation
of CAD [4].

OSA is a common disorder which has become an impor-
tant public health problem, as it affects 2 to 7% of adults in
the general population [5]. OSA is characterized by repetitive
interruption of ventilation during sleep due to total collapse
or narrowing of the pharyngeal airway despite breathing
effort, resulting in a fall in oxygen saturation and arousal from
sleep [6]. Repeated hypoxemia and arousals can lead to dele-
terious effects, ranging from daytime symptoms of disrupted
sleep such as sleepiness, fatigue, or poor neurocognitive
performance [7] to severe medical disorders [8]. A growing
body of evidence links OSA with the development and pro-
gression of certain cardiovascular conditions such as systemic
hypertension, pulmonary hypertension, CAD and myocar-
dial ischemia, stroke, congestive heart failure, and cardiac
arrhythmias [9].

This paper focuses on the relationship between OSA and
CAD, from the pathophysiological effects of OSA in CAD,
to the clinical implications of OSA and its treatment in CAD
patients.
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2. Pathophysiological Effects of OSA in CAD

The pathophysiological relation between OSA and CAD is
complex, as many pathological changes induced by OSA in
the cardiovascular system are involved and may interact to
facilitate the development and/or progression of the patho-
logical substrates of the different clinical conditions in the
spectrum of CAD.

2.1. OSA and Coronary Atherosclerosis. The mechanisms
leading to the formation and progression of atherosclerotic
plaques involve a complex interaction between multiple
factors, including oxidative stress, endothelial dysfunction,
and inflammatory and immunologic factors [10].

Oxidative stress is enhanced in atherosclerosis, leading to
endothelial damage and to oxidative modification of lipopro-
teins and other molecules [11]. This oxidized particles per-
petuate endothelial damage [12] and promote accelerated
accumulation of cholesterol in the atherosclerotic plaque [13].
In OSA patients, repeated hypoxia and reoxygenation during
sleep can increase oxidative stress [10, 14–16], leading to vas-
cular damage, andCPAP treatment reversion of these changes
has been reported [17]. Enhanced lipid peroxidation resulting
from this enhanced oxidative stress has also been observed
in OSA patients [18], and in a murine model of chronic
intermittent hypoxia combined with a high-cholesterol diet
Savransky et al. [19] reported increased lipid peroxidation and
development of atherosclerotic lesions.

Endothelial dysfunction with loss of endothelium-
derived nitric oxide production leads to impairment of the
endothelium-dependent relaxation in the vasculature, and
is an initial step in atherosclerosis [13]. This endothelium-
dependent relaxation in other vascular beds is impaired in
OSA patients [20–23] and CPAP treatment may improve
these abnormalities [24].

Endothelial dysfunction in OSA patients is independent
fromobesity and other traditional risk factors, as Namtvedt et
al. have recently published [25]. A specific coronary endothe-
lial function has been scarcely studied in patients with OSA.
Kadohira et al. [26] reported a significant correlation between
coronary endothelial dysfunctionmeasured by vasoreactivity
response to acetylcholine infusion and the severity of OSA.

Inflammation plays also a major role in the development
and progression of atherosclerosis. It has been repeatedly
reported that OSA patients have increased serum levels of
inflammatory substances [27–33] and adhesion molecules
[14, 34, 35] and that chronic hypoxemia in OSA patients can
activate specific inflammatory pathways [36, 37] that could
facilitate the atherosclerotic process [38, 39]. CPAP treatment
may also influence reversibility of these findings [40].

All these mechanisms facilitate the onset and progres-
sion of atherosclerosis, accelerating the process of arterial
damage. Numerous studies have found a higher prevalence
of atherosclerosis in vascular beds other than the coronary
arteries, such as the carotid arteries [41, 42]. Similarly, Drager
et al. found signs of atherosclerosis in large arteries of OSA
patients without other risk factors for CAD, and the severity
of the signs of atherosclerosis was correlated to the severity
of OSA [43]. In another study by the same group, these signs

of early atherosclerosis in OSA patients were responsive to
CPAP treatment, supporting the concept that OSA may be
an independent risk factor for atherosclerosis [44].

However, the evidence of more severe atherosclerosis
specifically in the coronary vessels in OSA patients is scarcer.
Recently Turmel et al. [45] studied 19OSApatientswith stable
CAD who underwent three-dimensional intravascular ultra-
sound plaque evaluation and showed a higher atherosclerotic
plaque volume in those patients with a more severe OSA.
Similarly, Sharma et al. [46] found that the frequency of
noncalcified ormixed plaques ismuch higher in patients with
OSA than in non-OSA patients.

2.2. OSA and Thrombosis and Coagulation. The final patho-
genic mechanism of an ACS is coronary artery thrombosis
as a result of the loss of integrity of the covering of an
atherosclerotic plaque, due to rupture or erosion, and subse-
quent platelet adhesion, activation, aggregation and throm-
bus formation [2].

Several studies have reported increased platelet activity
in OSA patients [47], associated with oxygen desaturation
[48] and reduced fibrinogen concentrations and fibrinolytic
activity in OSA patients [49], among other abnormalities in
the coagulation system [50]. These alterations have also been
found to be reduced after CPAP treatment [51–53].

2.3. OSA and Myocardial Ischemia. Myocardial ischemia
is the result of an imbalance between oxygen supply and
demand in the myocardium. Some OSA-induced pathophys-
iological changes may have an influence in this equilibrium
and provoke myocardial ischemia in some specific stressful
situations.

Airway obstruction during OSA can lead to recurrent
high negative intrathoracic pressure that increases transmu-
ral gradients across the ventricles and thus myocardial after-
load, leading to a rise in myocardial oxygen demand during
the apneas, a fact that combined with the diminished oxygen
supply can cause myocardial ischemia in some patients, such
as patients with preexisting CAD [54]. Additionally, OSA
leads to an increased sympathetic activity [55] due to hypoxia
and hypercapnia, resulting in an increase in blood pressure
and resting heart rate [56] that may induce myocardial
ischemia [57].

Clinical evidence of myocardial ischemia induced by
OSA has been addressed in several studies. Symptoms in
some forms of ACS, such as nocturnal angina, can be trig-
gered by OSA [58]. Similarly, nocturnal ST-segment depres-
sion is observed among patients with known CAD and OSA
[59] but is also reported in patients with OSAwithout known
CAD [60, 61]. CPAP is able to improve these abnormalities
[54].

However, whether severe OSA is a trigger of nocturnal
myocardial injury in patients with CAD is under discussion.
In a prospective study of 15 patients with known CAD and
moderate-to-severe OSA (apnea/hypopnea index (AHI) >
30), Gami et al. [62] reported no evidence of myocardial
injury assessed by a third-generation troponin T assay during
sleep. However, in a more recent study by Randby et al. [63]
in a community-based sample of patients without known
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CAD, high-sensitivity cardiac troponin T levels were elevated
in 53% of patients with OSA. This high prevalence lost
significance after adjusting for other significant risk factor
resulting in absence of association between high-sensitivity
cardiac troponin T levels and OSA severity. The high-sensi-
tivity cardiac troponin T detection among those patients may
have been probably related to the higher prevalence and
grouping of cardiovascular risk factors among patients with
OSA, rather than to a nocturnal pattern of myocardial injury
in patients without CAD.

In patients with an ACS, acute ischemia of a region of the
myocardium is caused by the complete or partial cessation of
coronary blood flow by a thrombotic occlusion of a coronary
vessel, leading to a wide range of clinical manifestations,
from unstable chest pain to sudden cardiac arrest. OSA may
influence the onset of acute ischemic events, as ACS [64] and
sudden cardiac death [65] are more frequent during night-
time in OSA patients, contrarily to the usual diurnal pattern,
although there is not enough evidence to conclude that OSA
can be a definite trigger of ACS, even in those occurring at
night.

However, some authors state that intermittent hypoxia
that occurs at night in OSA patients may play a role in the
development of ischemic preconditioning in themyocardium
and is thus protective against myocardial ischemic insults by
the regulation of critical transcription factors that play impor-
tant roles in coronary endothelium [66]. Mechanisms under-
lying ischemic preconditioning are under active research, and
clinical translation of the growing body of basic research is
still to come [67]. In a recent observational study by Shah
et al. [68], infarct size measured by peak troponin levels was
assessed in 136 patients after an AMI who were screened
for OSA. Troponin levels after an acute nonfatal AMI were
significantly lower in patients with a more severe SAHS,
after adjusting for other cardiovascular risk factors. This
may be due to ischemic preconditioning in the myocardium,
although more studies are needed to confirm this hypothesis
and to better understand themechanisms responsible for this
response. Recently, a study by Berger et al. in patients pre-
sentingwithAMI showed that those patientswith sleep disor-
dered breathing showed a greater mobilization of endothelial
progenitor cells and increased vascular endothelial growth
factor expression compared to patients with normal breath-
ing [69].

Similarly, another possible adaptive mechanism of coro-
nary circulation to chronic intermittent ischemia of OSA
patients is the development of coronary collaterals. Coronary
collateral formation from healthy vessels to an ischemic
region of the myocardium is a well-known phenomenon in
patients with chronic ischemic heart disease, present in 50%
of patients with severe obstructive coronary lesions or totally
occluded coronary arteries that can provide a perfusion
reserve in case of increasedmyocardial oxygen demand in the
affected territory.Mechanisms and factors associatedwith the
development of these collaterals are not totally understood,
and chronic intermittent hypoxia in OSA patients may play a
role in this scenario, via the upregulation of critical vascular
growth factors involved in vessel proliferation [70, 71]. In fact,
Steiner et al. [72] reported a significantly higher coronary

collateral vessel development in patients of totally occluded
coronary arteries and OSA compared to those patients
without OSA, suggesting that chronic intermittent hypoxia
of patients with OSA may be a significant factor affecting
growth of CCVs as a compensatory mechanism to chronic
myocardial ischemia. However, more studies are needed to
better understand the underlyingmechanisms of the adaptive
responses of coronary circulation to chronic intermittent
hypoxia and the clinical implications of these responses in
OSA patients.

3. Clinical Implications of OSA in
Patients with CAD

3.1. Epidemiology. The prevalence of OSA in patients with
CAD is higher as in normal population, as numerous studies
state [73–80]. Mooe et al. [73] reported a prevalence of OSA
(AHI > 10) of 37% in 142 patients with stable angina pectoris
and angiographically confirmed CAD, and Peker et al. [74]
reported a prevalence of OSA of 30% in those patients
admitted with an ACS. A more recent report from Konecny
et al. [75] highlights the underrecognition of OSA among
patients admitted for an ACS, with a prevalence of OSA of
69% and severe OSA (AHI > 30) of 34%.

Other studies reported a wide range of prevalence, rang-
ing from 26% to 66% [76–80], partially explained by the
different value of AHI used to establish the diagnosis of OSA
in the different studies.

However, despite the high prevalence described in some
of these studies, the current guidelines of practice guidelines
for the management of STEMI [81] and NSTEMI and UA
[82] do not state any recommendation for screening OSA in
patients presenting with an ACS.

3.2. OSA as a Risk Factor for CAD. There is a growing body
of literature addressing the role of OSA as an independent
risk factor of CAD [83]. As both disorders share common risk
factors, such as obesity, male sex, age, and smoking, overlap-
ping without a causal relationship may be possible [7, 84, 85].
Moreover, several of well-established risk factors for CAD
have been associated with OSA in multiple studies, specially
systemic hypertension [28, 86, 87], but also diabetes mellitus
[88, 89], dyslipidemia [90], and metabolic syndrome [91].
Therefore, proving that OSA can independently cause CAD
remains a difficult issue.

OSA is independently associated with subclinical coro-
nary atherosclerosis measured by coronary calcification in
computed tomography [92], and there is also a higher preva-
lence of noncalcified obstructive atherosclerotic plaques in
OSA patients, as stated above. Several clinic-based longi-
tudinal studies have found an association between OSA
and the development of CAD, after adjusting for other risk
factors, mainly in untreated individuals referred to CPAP
treatment [93–97]. Data of more than 6000 patients from
the community-based Sleep Heart Health Study found an
association betweenOSA and incident CAD in those patients
with the most severe OSA [98], but a more recent analysis
of the same cohort, with longitudinal data after a 8.7-year
followup, found no association of OSA with incident CAD,
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after adjusting for other risk factors, except in patients
younger than 70 years of age, in which the risk of CAD was
slightly increased and was also slightly higher in patients
with the most severe OSA [99]. On the contrary, in an
other recent observational study of >1000 patients, Shah et
al. [100] found a significant association between OSA and
incident coronary events or cardiac death after adjusting
for other traditional risk factors. Similarly, Garćıa-Rı́o et al.
[80] reported significant association between OSA and acute
myocardial infarction. Although most of these observational
data suggest a strong association, data are not conclusive and
evidence is still insufficient to establish a causative role of
OSA in the development of CAD.

3.3. OSA and Outcomes of CAD. OSA may also influence
outcomes when present in patients with CAD [101, 102],
but its effect remains a controversial issue as studies have
yielded discrepant data. In a prospective cohort study of>400
patients with stable angina pectoris and CAD confirmed by
coronary angiography, with a followup of >5 years, OSA was
associated with a higher rate of death, myocardial infarction,
and stroke [103]. More recent long-term follow-up data from
the same group [104] show a significant association of OSA
and stroke among stable CAD patients. Similarly to chronic
CAD patients, patients who present with an ACS as the first
manifestation of CAD also show worse outcomes. Yumino
et al. [105], in a prospective cohort study of 89 patients with
ACSwho underwent polysomnography foundOSA in 57% of
patients. After a mean followup of >7 months, the incidence
of cardiac death, reinfarction or new revascularization was
higher in patients with OSA compared to those without OSA.
Similarly, a more recent study by Lee et al. [78] showed
a higher incidence of major adverse events patients with
severe OSA after a STEMI. Non-STEMI patients with OSA
have also been reported to have poorer in-hospital outcomes
[106]. Recovery of the left ventricle systolic function after
an acute myocardial infarction is one of the strongest long-
term prognostic factors. There are data that suggest that
OSA may inhibit the recovery of the left ventricular systolic
function after an acute myocardial infarction [107]. However,
other studies did not find an association between OSA and
recurrent cardiovascular events in CAD patients [108].

Data suggest that OSA may worsen prognosis in all the
spectrum of CAD patients, but more research is necessary
in order to determine whether diagnosing and treating OSA
may influence the prognosis of patients with CAD.

3.4. Treatment of OSA and CAD. CPAP continues to be the
primary therapy for patients with symptomatic OSA. Most
studies report that the treatment of OSA with CPAP results
in a favorable clinical effect on various factors associated with
the structure and function of the cardiovascular system, like
reduction of sympathetic activity, improved vasodilatadory
capacity of the endothelium, hypercoagulability and systemic
inflammation, increased intrathoracic pressure, and other
effects that lead to a reduction in myocardial oxygen demand
and increased coronary blow flow [17, 24, 40, 51–54].

Treatment of OSA with CPAP in symptomatic patients
without known CAD has been associated with a reduction

in cardiovascular events [96, 97, 109]. However, the question
whether CPAP treatment in nonsleepy OSA patients aiming
at a decrease in cardiovascular events still remains unclear.
CPAP treatment did not significantly reduce the incidence of
cardiovascular events compared to no intervention in general
population, as data from a recent multicenter randomized
controlled clinical trial show [110]. However, adherence to
treatment had a significant impact in the results of this trial,
as when patients who were adherent to CPAP treatment
more than 4 hours per day were analyzed a statistically
significant reduction in the incidence ofCVeventswas found.
This is consistent with other observational studies [111, 112]
that support the hypothesis of a protective effect of CPAP
treatment inOSA patients regardless of sleepiness symptoms.

However, information regarding this question in the
specific population of patients with CAD is more scarce and
derived only from observational studies, and thus, the impact
of the OSA treatment as a secondary prevention measure for
CAD patients intended to reduce cardiovascular events in
the long term remains unclear, mainly due to the lack of a
placebo-controlled, randomized treatment trials in patients
with OSA and CAD.

In 54 patients with chronic stable CAD and severe OSA,
an observational study by Milleron et al. [95] with a median
followup of 86 months reported a beneficial effect of CPAP
treatment, in terms of a reduction and a later occurrence
of recurrent cardiovascular events. However, Cassar et al.
[113] reported fewer cardiac deaths but not fewer cardio-
vascular events in CPAP-treated OSA patients undergoing
percutaneous coronary intervention for stable angina. In a
recent observational study by Garćıa-Rı́o et al. [80], acute
myocardial infarction patients with untreated OSA had a
higher rate of recurrent myocardial infarction and necessity
of new revascularization compared to treated OSA patients
and non-OSA patients. In this scenario, adherence to CPAP
treatment in patients without daytime sleepiness may be
a concern, as patients with CAD, especially after an ACS,
have shown a very low adherence to behavioral or lifestyle
preventive measures, in contrast to a high adherence to
pharmacological preventivemeasures [114]. However, a study
by Sampol et al. [115] has shown that adherence to CPAP
treatment in patients with CAD is not influenced by the
absence of sleepiness symptoms.

However, although the above data suggest a possible
benefit of CPAP treatment in this population, they come
from observational studies, and randomized clinical trials
are needed to establish whether CPAP treatment should be
recommended to chronic or acute CAD patients without
daytime sleepiness. This issue is addressed by three ongoing
randomized clinical trials from which results are strongly
awaited.The first randomized trial (Continuous Positive Air-
way Pressure Treatment of Obstructive Sleep Apnea to Pre-
vent Cardiovascular Disease—SAVE Trial, NCT00738179)
aims to test whether long-term use of CPAP can reduce
the incidence of cardiovascular events (cardiovascular death,
nonfatal AMI, nonfatal stroke, hospital admission for heart
failure, and new hospitalization for unstable angina or tran-
sient ischemic attack) in 5000 patients with evidence of
established coronary or cerebrovascular disease over a mean
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follow-up period of 4 years. The second trial (The Ran-
domized Intervention With CPAP in Coronary Artery Dis-
ease and Sleep Apnea—RICCADSA Trial, NCT0051959)
addresses this issue in stable CAD patients. This randomized
trial that is expected to complete recruitment by December
2012 aims to include more than 500 patients with CAD
undergoing planned percutaneous or surgical revasculariza-
tion, and address if CPAP treatment reduces the combined
rate of new revascularization, myocardial infarction, stroke,
and cardiovascular mortality over a mean follow-up period
of 3 years in CAD patients with OSA and without daytime
sleepiness [116]. The third trial (Continuous Positive Airway
Pressure in Patients With Acute Coronary Syndrome and
Obstructive Sleep Apnea—ISAACC trial, NCT 01335087)
addresses this issue in the setting of the acute coronary syn-
dromes. This randomized trial will include more than 1800
patients with a recent ACS and will assess whether CPAP
treatment will reduce the rate of major cardiovascular events
(cardiovascular death, nonfatal AMI, nonfatal stroke, hos-
pital admission for heart failure, and new hospitalizations
for unstable angina or transient ischemic attack) in patients
with non-ST elevation or ST elevation ACS admitted in a
coronary care unit and co-occurring with OSA. These trials
will probably be the pivotal trials which will definitely answer
the question ofwhetherCPAP treatment influences prognosis
of CAD patients with OSA both in the acute and in the
chronic settings.

4. Summary

CAD is a complex disease with a wide range of clinical mani-
festations. OSA is as well a conditionwith numerous systemic
implications, which can influence CAD in numerous phases
and pathological processes. Moreover, despite that CAD
and OSA share risk factors and that systemic conditions
influenced by OSA have a role as well in the pathogenesis of
CAD, evidence is lacking to address OSA as a risk factor of
CAD, as a prognostic factor of CAD. Similarly, more evidence
is needed to address CPAP treatment as a useful therapy
for patients with CAD and nonsymptomatic OSA. However,
research in this field is growing rapidly, and data answering
some of these questions may soon, be available.

References

[1] K.Thygesen, J. S. Alpert, A. S. Jaffe, M. L. Simoons, B. R. Chait-
man, andH.D.White, “Third universal definition ofmyocardial
infarction,” European Heart Journal, vol. 33, no. 20, pp. 2551–
2567, 2012.

[2] P. Libby, “Current concepts of the pathogenesis of the acute
coronary syndromes,” Circulation, vol. 104, no. 3, pp. 365–372,
2001.

[3] A. S. Go, D. Mozaffarian, V. L. Roger et al., “Heart disease and
stroke statistics—2013 update a report from theAmericanHeart
Association,” Circulation, vol. 127, pp. e6–e245, 2013.

[4] D. M. Lloyd-Jones, M. G. Larson, A. Beiser, and D. Levy,
“Lifetime risk of developing coronary heart disease,”TheLancet,
vol. 353, no. 9147, pp. 89–92, 1999.

[5] N. M. Punjabi, “The epidemiology of adult obstructive sleep
apnea,” Proceedings of the American Thoracic Society, vol. 5, no.
2, pp. 136–143, 2008.

[6] L. J. Epstein, D. Kristo, P. J. Strollo et al., “Clinical guideline for
the evaluation, management and long-term care of obstructive
sleep apnea in adults,” Journal of Clinical Sleep Medicine, vol. 5,
no. 3, pp. 263–276, 2009.

[7] T. Young,M. Palta, J. Dempsey, J. Skatrud, S.Weber, and S. Badr,
“The occurrence of sleep-disordered breathing among middle-
aged adults,”The New England Journal of Medicine, vol. 328, no.
17, pp. 1230–1235, 1993.

[8] V. K. Vijayan, “Morbidities associated with obstructive sleep
apnea,” Expert Review of Respiratory Medicine, vol. 6, no. 5, pp.
557–566, 2012.

[9] T. Kasai, J. S. Floras, and T. D. Bradley, “Sleep apnea and cardio-
vascular disease: a bidirectional relationship,” Circulation, vol.
126, no. 12, pp. 1495–1510, 2012.

[10] M. M.-S. Lui andM. Sau-Man, “OSA and atherosclerosis,” Jour-
nal of Thoracic Disease, vol. 4, no. 2, pp. 164–172, 2012.

[11] U. Singh and I. Jialal, “Oxidative stress and atherosclerosis,”
Pathophysiology, vol. 13, no. 3, pp. 129–142, 2006.

[12] H. Vink, A. A. Constantinescu, and J. A. E. Spaan, “Oxidized
lipoproteins degrade the endothelial surface layer: implications
for platelet-endothelial cell adhesion,” Circulation, vol. 101, no.
13, pp. 1500–1502, 2000.

[13] J. Davignon and P. Ganz, “Role of endothelial dysfunction in
atherosclerosis,” Circulation, vol. 109, no. 23, pp. III27–III32,
2004.

[14] E. Ohga, T. Tomita, H. Wada, H. Yamamoto, T. Nagase, and Y.
Ouchi, “Effects of obstructive sleep apnea on circulating ICAM-
1, IL-8, and MCP-1,” Journal of Applied Physiology, vol. 94, no. 1,
pp. 179–184, 2003.

[15] M. Yamauchi, H. Nakano, J. Maekawa et al., “Oxidative stress
in obstructive sleep apnea,” Chest, vol. 127, no. 5, pp. 1674–1679,
2005.

[16] M. Yamauchi and H. Kimura, “Oxidative stress in obstructive
sleep apnea: putative pathways to the cardiovascular complica-
tions,” Antioxidants and Redox Signaling, vol. 10, no. 4, pp. 755–
768, 2008.
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Obstructive sleep apnea (OSA) is a common disorder characterized by repetitive interruption of ventilation during sleep caused
by recurrent upper airway collapse, which leads to intermittent hypoxia. The disorder is commonly undiagnosed despite its
relationship with substantial cardiovascular morbidity and mortality. Moreover, the effects of the disorder appear to be particularly
dangerous in young subjects. In the last decade, substantial clinical evidence has identified OSA as independent risk factor for
both bradyarrhythmias and tachyarrhythmias. To date the mechanisms leading to such arrhythmias have not been completely
understood. However, recent data from animal models and new molecular analyses have increased our knowledge of the field,
which might lead to future improvement in current therapeutic strategies mainly based on continuous positive airway pressure.
This paper aims at providing readers a brief and specific revision of current knowledge about the mechanisms underlying atrial
arrhythmias in OSA and their clinical and therapeutic implications.

1. Introduction

Obstructive sleep apnea (OSA) is a relevant health problem
because of its high prevalence and concomitant severe effects
in the general population [1]. Although the disorder is mainly
present in obese men, other clinical characteristics such as
age 65 years or older, smoking, and alcohol consumption
are also common [1]. OSA is characterized by repetitive
interruption of ventilation during sleep caused by recurrent
upper airway collapse, which is associated with increasing
respiratory efforts and intermittent arterial oxygen desatu-
ration. Nocturnal arousals, loud intermittent snoring, and
increased daytime sleepiness are the main symptoms [2].
Obstructive apneas and hypopneas are considered significant
if they last for more than 10 seconds. Such episodes can be
recorded and quantified by a polysomnography study, which

remains the standard technique for the diagnosis. Currently,
international guidelines consider the diagnosis of OSA in
the presence of an apnea-hypopnea index ≥5 and persistent
respiratory effort during the episodes [2].

Cardiovascular morbidity and mortality significantly
increase in patients with untreated severe OSA [3].Moreover,
the effects of the disorder appear to be particularly dangerous
in young subjects [3, 4]. Substantial evidence supports the
association betweenOSAand cardiovascular diseases, among
which atrial arrhythmias and conduction disorders are of
particular interest [5, 6]. Abnormalities such as hypoxia or
sympathovagal imbalance are consistently present in OSA
and have been associated with atrial arrhythmias [7, 8].
Moreover, under continuous positive airway pressure (CPAP)
treatment, it has been shown the disappearance of both atrial
fibrillation (AF) and heart block in patients with severe OSA
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Figure 1: Diagram of mechanisms involved in atrial arrhythmias in patients with obstructive sleep apnea.

[8, 9]. In this workwe aim at reviewing the current knowledge
about the mechanisms underlying atrial disorders in OSA
and their implications in clinical practice, in such a way that
clinicians will be able to establish a mechanistic link from
molecular basis to animal models and clinical setting.

2. Mechanisms of Increased Risk of Atrial
Arrhythmias in OSA

Different abnormalities have been involved in the patho-
genesis of atrial arrhythmias and increased cardiovascular
risk in patients with OSA [2]. Significantly relevant is the
strong association between tachyarrhythmias, especially AF
and OSA [5]. Thus hypoxia, hypercapnia, negative intratho-
racic pressure, autonomic alterations, inflammation, increase
in intravascular volume, and left ventricular diastolic dys-
function are likely implicated in a multifactorial process
leading to functional and structural changes prompt to atrial
arrhythmias (Figure 1).

Hypoxemia significantly impairs relaxation of left and
right ventricles in healthy humans rendered hypoxemic by
breathing a variable nitrogen/oxygen mixture [10]. Similarly,
intermittent apnea-induced hypoxemia documented during
a polysomnographic study has been associated with signifi-
cant hemodynamic changes in left and right ventricular func-
tions [11, 12]. Thus, the severity of apnea-related hypoxemia
is associated with a gradual deterioration of left ventricular
filling, which may explain the presence of left ventricular
hypertrophy in patients with OSA and no history of hyper-
tension [13, 14]. Experimental evidence from animal models
has yielded some clues about the molecular mechanisms
leading to diastolic dysfunction. Thus, intermittent hypoxia
seems to increase both oxidative stress and susceptibility
of the heart to such a stress [15, 16]. In addition, myocyte
hypertrophy, apoptosis, andmultifocal infarcts have been also
associatedwith left ventricular dysfunction [17]. Interestingly,
hypoxia-induced deterioration of left ventricular filling is

significantly correlated with acute atrial changes. In a rat
model of obesity and acute OSA, increases in left ven-
tricular end diastolic pressure during obstructive apnea
correlated with significant left atrial enlargement moni-
tored by echocardiography [18]. Moreover, in the same
study Iwasaki et al. tried to elucidate the main mechanism
leading to reproducibly inducible AF in those animals. To
do so, they tested four different interventions consisting
of pharmacologic autonomic blockade, ventilatory muscle
paralysis, balloon occlusion of the inferior vena cava, and
saline injection as control. Autonomic blockade partially
decreased AF inducibility compared with control. However,
only prevention of left atrial dilatation by balloon occlusion
of the inferior vena cava was associated with significant
suppression of AF inducibility [18]. The latter suggests that
acute atrial dilatation due to apnea-related increase in left
ventricular end diastolic pressuremay prompt the atria to AF.

The results are especially relevant since acute atrial stretch
has been traditionally associated with increased vulnerability
to AF. Moreover, resumption of sinus rhythm is consistently
achieved after releasing the atrial stretch [19]. The latter has
important clinical implications in spite of the fact that mech-
anisms underlying stretch-induced AF are highly complex
and not completely understood [20]. Therefore, AF might be
terminated or prevented by correcting apnea-induced acute
hemodynamic changes in the left atrium.

In addition, hypoxia may affect atrial electrophysiology
by modifying conduction velocity and atrial refractoriness.
However, data from different animal models have yielded
divergent results, which preclude identifying conclusive
effects [21, 22]. High levels of hypercapnia may also affect
atrial electrophysiology by slowing atrial conduction and
increasing atrial refractoriness. Upon returning to normo-
capnia, refractoriness rapidly returns to baseline levels while
conduction slowing still persists. Although it is difficult
to reproduce in vivo responses to acute hypoxemia and
hypercapnia, hypercapnia-related electrophysiology changes
have been associated with AF in the sheep intact heart [23].
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Autonomic neural inputs to ganglionated plexi occurring
during apnea may initiate AF. However, the exact mech-
anisms leading to AF are extremely difficult to elucidate
because of the anatomic and physiological complexity of
the sympathetic and parasympathetic innervation of the
heart [24]. Ganglionated plexi neural activity progressively
increases before the onset of AF, which associates with
shortening of the atrial refractory period [25]. The latter
allows nonconducted premature stimuli at baseline to activate
the atrium and probably generate heterogeneity [26], which
leads to reentry and AF. Moreover, either the blockade of
both arms of the autonomic nervous system or ablation of
pericardiac fat pad containing ganglionated plexi inhibits the
occurrence of apnea-induced AF, similar to the previously
mentioned effect of releasing atrial stretch [25]. However,
acute effects of autonomic blockade may not last in the
long term, rendering AF reinducible after several weeks of
ablation-based autonomic denervation [27]. It is difficult to
determine whether autonomic inputs or atrial stretch plays
the main role in initiating and sustaining AF. Model-based
differences on the presence or absence of negative intratho-
racic pressure during apnea might be responsible for more
stretch-dependent or autonomic deregulation-dependent AF
[18, 25].

Negative intrathoracic pressure occurs during OSA due
to ineffective inspiratory efforts against the occluded upper
airway. Animal models simulating clinical OSA incorporate
negative intrathoracic pressure during tracheal occlusion,
which leads to shortening of the atrial effective refractory
period and action potential duration [18, 28]. Such electro-
physiological changes increaseAF susceptibility, which seems
to be partially mediated by vagal activation. The latter is
further supported by a high rate of AF prevention upon
atropine or vagotomy [28]. Concomitant changes in sympa-
thetic activity and atrial pressure have been also documented
[18, 29], which may increase atrial susceptibility to AF in the
presence of vagal activation. Acetylcholine-mediated AF is
facilitated by isoproterenol, which decreases the threshold of
acetylcholine concentration for AF induction and increases
AF duration [30]. Similarly, increases in left atrial pressure
and atrial dilatation decrease the conduction velocity and
increase the degree of spatial heterogeneities in conduction,
which facilitates reentry and AF [31]. Both phenomena, along
with vagal activation may generate an optimal substrate
to initiate and sustain AF. Additionally, in the presence of
hypoxia it might be expected a significant role of the ATP-
sensitive K+ current (𝐼K-ATP). However, its role seems to be
much less prominent and probably overcome by the vagal-
mediated activity [28].

Inflammation may facilitate AF in patients with atrial
substrate suitable to develop the arrhythmia. It is also possible
a direct effect of inflammatory markers on ionic channels
and signaling pathways involved in the development of
atrial fibrosis, both leading to AF [32]. Interestingly, as
inflammatory cytokines rise the risk of AF concomitantly
increases [33]. Intermittent hypoxia and hypercapnia in
animal models result in systemic inflammation and increases
in interleukin-6 (IL-6) [34]. The mechanism by which IL-6
may be produced in hypoxic conditions is the upregulation

of transcription factors NF-𝜅B (nuclear factor kappa-light-
chain-enhancer of activated B cells) and NF-IL6 (nuclear
factor for IL-6 expression) [35]. In addition, increases in IL-
6 precede increases in C-reactive protein (CRP), which is an
inflammatory mediator involved in releasing new proinflam-
matory cytokines. Patients withOSA showmarkedly elevated
monocyte and neutrophil NF-𝜅B activity [36]. Therefore, a
proinflammatory state may lead to higher susceptibility to
AF in OSA patients. Moreover, inflammation is common in
OSA patients, including elevated levels of proinflammatory
cytokines. Tumor necrosis factor-𝛼 (TNF-𝛼) and IL-6 levels
are elevated inOSA independent of obesity [37, 38]. However,
the initial trigger driving the elevation of proinflammatory
cytokines in OSA patients has not been completely eluci-
dated. Some evidence supports the role of both sides of the
autonomic nervous system and hypoxia as themain initiation
mechanisms [39].

Some of the mechanisms involved in tachyarrhythmias
have been also associated with bradyarrhythmias or asystole
in patients with severe OSA. In fact, bradycardia, significant
pauses (>3 s) and some degree of conduction block are highly
prevalent in OSA patients [40].The occurrence and degree of
bradycardia during apnea depends on the degree of hypox-
emia resulting from these apneas. Furthermore, increased
vagal efferent activity appears to cause the bradycardia, which
can be prevented by intravenous atropine [41]. Paroxysmal
parasympathetic discharges are more pronounced during
rapid eye movement (REM) sleep, which even in healthy
young subjects have been associated with marked bradycar-
dia and prolonged asystolic pauses [42]. In patients with OSA
marked bradycardia may occur particularly in REM state,
during which longer breathing pauses and greater degrees
of oxyhemoglobin desaturation occur. In addition, in OSA
there is lack of normal lung expansion during ventilation,
which prevents attenuation of parasympathetic discharges
by vagolytic properties of normal lung expansion [43]. The
influence of parasympathetic tone is further supported by
clinical electrophysiological studies revealing no evidence for
advanced sinus node disease or atrioventricular conduction
systemdysfunction, which suggest that prolonged ventricular
asystole during OSA is not due to fixed or anatomic disease
of the sinus node or the atrioventricular conduction system
[44]. Animal models aimed at studying AF in OSA have also
shown slowing of the heart rate concurrent with increased
blood pressure after the initiation of apnea [25, 28]. The
effects are compatible with simultaneous increases in cardiac
parasympathetic and vasoconstricting sympathetic tone, sim-
ilar to the diving reflex seen in mammals, during which the
body responds to apnea by increasing sympathetic tone to the
peripheral vasculature and parasympathetic tone to the heart
[45].

3. Clinical Significance of Atrial Arrhythmias
in OSA Patients

In the early 80’s a potential relationship between OSA and
AF emerged from an observational, uncontrolled study by
Guilleminault et al., in which the use of 24-hour holter
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electrocardiography identified a prevalence of nocturnal
paroxysms of AF of ≈3% in OSA patients compared with the
general population prevalence of 0.4 to 1% [46]. The same
study reported sinus arrest lasting for more than 2.5 seconds
and second-degree atrioventricular conduction block in 10%
and 7% of OSA patients, respectively.

In a large cohort of 3542 patients who underwent their
first diagnostic polysomnogram study and further average
follows up of 4.7 years, obesity and OSA were independent
risk factors for incident AF in individuals <65 years of
age [47]. Moreover, the magnitude of nocturnal oxygen
desaturation is consistently present in several studies as
independently predictive of AF [47–49]. The latter provides
further support to hypoxemia-related pathophysiological
changes in AF onset.

OSA and AF have been linked in different clinical
settings. Thus, an apnea-hypopnea index (AHI) ≥5 was
associated with significant higher risk of postcoronary artery
bypass surgery AF compared with lower values of AHI [49].
Recurrence of AF was also associated with untreated OSA
in a prospective cohort of patients who underwent electrical
cardioversion and one-year follow up [48]. More recently,
data from several observational studies have supported the
assertion that OSA patients diagnosed using polysomnog-
raphy have significantly greater AF recurrence rates after
pulmonary vein isolation compared with controls [50]. Such
a higher risk of recurrences might be explained by significant
differences in atrial remodeling compared with patients who
underwent catheter ablation of AF and an AHI ≤15. In fact,
OSA is associated with significant larger atrial enlargement,
lower atrial voltage, and more site-specific and widespread
conduction abnormalities [51].

OSA is also an independent risk factor for stroke. There-
fore it would be particularly relevant to determine a potential
increased risk of stroke in AF patients with OSA. Although
such data is not available to date, some clues indicate that
OSA may have a role in stroke risk stratification scores in
patients with AF. Thus, OSA is strongly associated with AF
and most of the relative risks included in current stroke risk
stratification scores are very similar between AF and OSA
patients [52, 53]. In addition, OSA is associated with other
risk factors in AF such as hypertension and diabetes mellitus
[54].

Bradyarrhythmia and sinus pauses are commonly
described in patients with OSA. However, there is a
huge variability between trials, which show incidences
ranging from 5% to 50% [6, 40, 46]. Even no differences
in conduction delay disturbances between severe sleep-
disordered breathing and controls have been reported using
retrospective ECGdata recorded during the sleep period [55].
Noncomparable study designs, methods, and populations
may explain such differences. The large intraindividual
variability reported by Simantirakis et al. in a cohort of
patients with moderate to severe OSA who underwent
continuous monitoring by implantable loop recorder [40],
demonstrates the incapability of 24-hour and 48-hour
holter monitoring to accurately determine the incidence
of atrial arrhythmias. Therefore, assuming that continuous
ECG monitoring is the most reliable tool to determine the

incidence of cardiac arrhythmias, approximately half of
OSA patients evidence severe cardiac rhythm disturbances
[40]. Moreover, the frequency and severity of apnea-related
nocturnal bradyarrhythmias correlate with body mass index,
AHI, and desaturation level during the sleep study [6, 40, 56].

Other ECG parameters such as QT interval are affected
by the severity of the sleep apnea. Thus, QT corrected
interval is increased in patients with moderate to severe OSA
[57]. Moreover, QT corrected interval dispersion, defined
as the difference between the maximum and minimum
QT intervals, shows a strong positive correlation with the
AHI [58]. Nocturnal prolonged cycle lengths can facilitate
the occurrence of early afterdepolarizations and ventricular
arrhythmias including torsades de pointes. Both increased
QT interval and QT corrected interval dispersion are of
interest inOSA individuals particularly sensitive to nocturnal
heart rate pauses and QT prolongation such as patients
treated with class III antiarrhythmic agents or with diuretics,
along with subsets of patients with the long QT syndrome.
Although several factors are involved, serious and potentially
fatal arrhythmias may occur during sleep in patients with
OSA, which is especially relevant between 10 p.m. and 6 a.m
[59] (see Table 1 with supplementary information about risk
of atrial arrhythmias in OSA).

4. Clinical Implications of Appropriate
Treatment in OSA Patients with Atrial
Arrhythmias

From the foregoing, we have discussed and provided sub-
stantial scientific support about the mechanisms and clinical
impact of atrial arrhythmias in OSA patients. However, to
date it is still difficult to determine the exact role of OSA
treatment in preventing atrial arrhythmias. Current clinical
consensus recommends that OSA should be treated with
continuous positive airway pressure (CPAP) for ventilatory
support as well as a tool for secondary prevention of cardiac
problems [60]. It is not clear either whether other modes of
ventilatory support such as bilevel pressure support (BPAP)
offer any advantages over the conventional CPAP. Nowadays,
BPAP should be reserved for patients with ventilatory failure
[60].

Direct evidence of long-lasting apneic events (≈48 s)
preceding AF onset has been rarely reported [9]. However,
it suggests a causal association between OSA and AF. Fur-
thermore, a period without apneas leads to spontaneous
resumption to sinus rhythm. Appropriate CPAP therapy
in OSA patients with AF who underwent electrical car-
dioversion significantly reduced AF recurrences after 12-
month followup. AF recurred in only 42% of OSA patients
effectively treated with CPAP, compared to 82% in untreated
patients. Interestingly, recurrence rates were also significantly
lower than in randomly selected controls without previous
history of polysomnography, which suggests the presence
of undiagnosed OSA among controls [48]. Recently, a large
series by Abe et al. has shown that treatment with CPAP
therapy significantly prevents OSA-associated paroxysmal
AF in patients with moderate to severe nocturnal apneas
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Table 1: Risk of atrial arrhythmias in obstructive sleep apnea.

Author, year Design Study population Diagnostic
method

𝑁 of
patients Cardiac monitoring Results

Guilleminault et
al., 1983 [46] Uncontrolled Severe OSA PSG 400 24 h holter ECG

Nocturnal paroxysms of
AF in ≈3% of OSA
patients
Sinus arrest and AV block
in 10% and 7% of OSA
patients

Gami et al., 2007
[47]

Observational
retrospective

Adults underwent
a 1st PSG study.
No AF at baseline

PSG 3542
N/A. Medical
index diagnostic codes
for AF

Obesity and OSA were
independent risk factors
for incident AF

Mooe et al., 1996
[49]

Observational
prospective

Patients
underwent
CABG surgery

PSG 121 Prospective monitoring
until discharge

AHI ≥ 5 was associated
with significant higher
risk of postsurgical AF

Ng et al., 2011 [50]
Meta-analysis
(observational

studies)

Patients
underwent PVI

PSG/Berlin
questionnaire 3995

24/48 h holter ECG
Event monitor/recorder
Telephone follow-up
ECG

OSA led to greater AF
recurrence rates after PVI

Simantirakis et
al., 2004 [40]

Observational
prospective

Moderate-severe
OSA PSG 23 Implantable loop

recorder

Cardiac pauses >3 s and
bradycardic
episodes <40 bpm in 47%
of patients

Becker, 1998 [6] Observational
prospective Unselected OSA PSG 239 24 h holter ECG

2nd- and 3rd-degree AV
block and/or sinus arrest
in ≈7.5% of OSA patients

Hoffstein and
Mateika, 1994
[56]

Observational
prospective

Patients
underwent PSG
study

PSG 458 Single lead ECG
during PSG

58% prevalence of
arrhythmias in OSA
patients

AF: atrial fibrillation; AHI: apnea/hypopnea index; AV block: atrioventricular block; CABG: coronary artery bypass graft; OSA: obstructive sleep apnea; PSG:
polysomnography; PVI: pulmonary vein isolation.

[61]. Similar to previous series and considering the above-
mentioned limitation of limited electrocardiographic record-
ing period during polysomnography [46], CPAP therapy
significantly eliminates sinus bradycardia and sinus pauses.
Only a trend to significant differences before and after CPAP
therapy was also present in episodes of second-and third-
degree atrioventricular block [61].The lattermay be explained
by the limitedmonitoring period and very low rate of second-
and third- degree atrioventricular block, which precludes
reaching statistical significance.

Untreated OSA patients have higher recurrence rates
after catheter ablation of AF. Such higher recurrence rates
are also associated with the presence of more prevalent
nonpulmonary veins triggers [62]. More recently Naruse et
al. have suggested that an AHI of more than 10 has predictive
value of AF recurrences after AF ablation. Moreover, CPAP
therapy reduces the risk of recurrent AF after pulmonary vein
isolation in patients with an AHI >5 [63]. AF recurrences
were also reduced in the followup of patientswith atrial flutter
who underwent radiofrequency ablation of cavotricuspid
isthmus (CTI) and proper CPAP therapy [64]. However,
CPAPwas only protective fromAF recurrences when AF was
not present prior to CTI ablation.

The exact mechanisms for preventing AF recurrences by
CPAP therapy are not understood. Beyond preventing upper
airway obstruction, correcting hypoxemia, and decreasing

the AHI, CPAP therapy seems to attenuate oxidative stress
and systemic inflammation [65], which has been associated
with both incident AF and AF recurrences after catheter
ablation [66, 67].

The effects of CPAP therapy have been also studied in
patients with OSA and bradyarrhythmia. Cornerstone series
by Guilleminault et al. in the early 80’s initially suggested
that preventing upper airway obstruction by tracheostomy
completely abolished conduction disturbances at 6 months
of followup [46]. Case reports have also documented com-
plete reversion of second-degree atrioventricular block after
initiation of CPAP treatment [68]. During polysomnography
the vast majority of the apnea-associated bradyarrhythmias
occur during rapid eye movement sleep and significant
desaturation of at least 4%. Both CPAP and BPAP drastically
decrease the AHI and bradyarrhythmias [69]. More accurate
followup using implantable loop recorders shows that the ini-
tiation of CPAP therapy tends to reduce the total number of
the recorded episodes in the short termwhile in the long term
bradycardia episodes are completely abolished [40]. CPAP
therapy also has the capability to decrease the QT corrected
interval dispersion present at baseline in patients with mod-
erate to severeOSA [58].The lattermight have implications in
preventing bradycardia-related early afterdepolarizations and
ventricular arrhythmias leading to nocturnal sudden death
(see Table 2 with supplementary information about effects
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Table 2: Effects of CPAP therapy on atrial arrhythmia outcomes in OSA patients.

Author, year Design Study population Diagnostic
method

𝑁 of
patients

Cardiac
monitoring Results

Kanagala et al.,
2003 [48]

Observational
prospective

Patients
underwent
AF/AFL DC
shock

PSG 121

Hospital records
Phone interviews
ECG
Medical visits

AF recurrences in 42% of
OSA treated with CPAP
AF recurrences in 82% of
untreated patients

Abe et al., 2010
[61]

Nonrandomized
prospective

Adults underwent
PSG study PSG 1456 ECG monitoring

during PSG

CPAP prevented AF, sinus
bradycardia/pauses in
patients with moderate to
severe OSA

Naruse et al.,
2013 [63]

Nonrandomized
prospective

Patients
underwent
PVI isolation

PSG 153

12-lead ECG
24 h holter ECG
Portable ECG
monitoring

Untreated OSA showed
higher recurrence of AF
after ablation

Koehler et al.,
1998 [69]

Nonrandomized
prospective

OSA patients
with
bradyarrhythmia

PSG 16 ECG monitoring
during PSG

CPAP and BPAP
drastically decreased
bradyarrhythmias

Simantirakis et
al., 2004 [40]

Observational
prospective

Moderate-severe
OSA PSG 23 Implantable loop

recorder

Long-term CPAP therapy
completely abolished
bradycardia episodes

AF: atrial fibrillation; AFL: atrial flutter; CPAP: continuous positive airway pressure; OSA: obstructive sleep apnea; PSG: polysomnography; PVI: pulmonary
vein isolation.

of CPAP therapy on atrial arrhythmia outcomes in OSA
patients).

However, one important limitation ofCPAP therapy is the
poor long-term acceptance of treatment. Approximately 40%
of patients are no longer complaint with the treatment after
3 years [70]. However, it seems that patients with the most
severe sleep apnea are more likely to be complaint. The most
common reason for discontinuing is intolerance of the mask
[71]. Moreover, mask leak is a major independent predictor
of CPAP compliance; therefore reducing mask leak predicts
good compliance with CPAP therapy [72].

Finally, based on the benefits of CPAP therapy and such
a frequent undiagnosed disorder in the general population,
screening for OSA in patients with both AF and atrial
flutter appears to be a reasonable clinical strategy if either a
clinical or catheter-based rhythm control strategy is pursued.
It seems also reasonable to identify patients with apnea-
related bradyarrhythmias, since appropriate treatment may
completely abolish its presence.

5. Conclusions and Future Directions

Atrial arrhythmias are highly prevalent in patients with
moderate to severe obstructive sleep apnea, which has been
identified as independent risk factor for both bradyarrhyth-
mias and tachyarrhythmias. Hypoxia, hypercapnia, auto-
nomic dysfunction, acute atrial stretch, negative intrathoracic
pressure, and inflammation are some of the mechanisms
leading to arrhythmia. However, complete understanding of
such mechanisms is still ongoing and further research based
on animalmodels is needed. CPAP therapy has demonstrated
significant improvement in preventing and even abolishing
atrial arrhythmias. However, it is necessary to improve and
develop alternatives to conventional CPAP, which help to

prevent current high rates of treatment discontinuation in the
long-term.
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In recent years, growing evidence suggests an association between obstructive sleep apnea (OSA), a common sleep breathing
disorder which is increasing in prevalence as the obesity epidemic surges, and atrial fibrillation (AF), the most common cardiac
arrhythmia. AF is a costly public health problem increasing a patient’s risk of stroke, heart failure, and all-cause mortality. It
remains unclear whether the association is based on mutual risk factors, such as obesity and hypertension, or whether OSA is
an independent risk factor and causative in nature. This paper explores the pathophysiology of OSA which may predispose to AF,
clinical implications of stroke risk in this cohort who display overlapping disease processes, and targeted treatment strategies such
as continuous positive airway pressure and AF ablation.

1. Introduction

Obstructive sleep apnea, a common breathing disorder,
is characterized by recurrent episodes of airway collapse
resulting in occlusion of airflow during sleep. These episodes
of hypopnea and apnea can manifest as transient or pro-
longed hypoxemia, sleep arousals, and sympathetic nervous
system activation, resulting in symptoms such as snoring,
headaches, daytime sleepiness, and impaired alertness [1].
Approximately 3–7% percent of the adult population in the
United States is affected by OSA, and that number is likely
an underestimate as it goes undiagnosed in many cases
[2–4]. Another condition which is also prevalent as well
as undiagnosed in many circumstances is atrial fibrillation
(AF). It is predicted that by 2050, more than 10 million
Americans will have AF and possibly up to 16 million if the
increase in incidence continues on the same trajectory [5].
The question has been posed, on more than one occasion,
how these two common entities of OSA and AF impact one
another. Although the relationship between sleep-disordered
breathing and arrhythmias was proposed a few decades ago
[6], only recently has it been recognized that OSA seems to
be correlated with AF (see Table 1) [7–15].

The studies in Table 1 suggest the increased risk of AF in
OSA patients, but the quality of the data is limited [7–15].
Known risk factors for AF include age,male gender, smoking,
obesity, hypertension, diabetes mellitus, myocardial infarc-
tion, congestive heart failure, and cardiac surgery [15]. Of the
six studies evaluated in Table 1, only two adjusted for male
gender [8, 11], one for hypertension [9], and none controlled
for diabetesmellitus, or heart failure [8, 16]. In the SleepHeart
Health Study, Mehra et al. demonstrated that the risk of AF
among patients with OSA is about four times than of those
with no sleep-disordered breathing (adjusted OR 4.02; 95%
CI 1.03–15.74) [8].

It is important to note that the MrOS Study and the Sleep
Heart Health Study compared the incidence of nocturnal
arrhythmias in subjects with and without sleep-disordered
breathing, suggesting that sleep disordered breathing directly
affects heart rhythm [8, 10]. Furthermore, Gami et al. showed
that for patients with OSA under age 65, the hazard ratio of
developing any type of AF over the course of approximately 5
years was 3.29 (95% CI 1.35–8.04) [11]. These studies suggest
thatOSApredisposes patients to developAF, but it is not clear
whether the relationship is independent of hypertension,
diabetes mellitus, or other confounding factors. A study by
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Table 1: Risk of AF in OSA patients.

Investigator Number of
patients

Methods of
diagnosis for OSA

Control
group Risk factor adjustments Results

Guilleminault et al.
(1983) [6] 400 PSG No N/A

Cardiac arrhythmias observed in 48%
of patients with OSA

Mooe et al. (1996)
[14] 121 PSG Yes Age.

Risk of AF after CABG in OSA
patients, OR 2.8 (1.2–6.8)

Mehra et al. (2006)
[8] 566 PSG Yes Age, gender, BMI, coronary

heart disease.
Risk of AF in OSA patients, adjusted
OR 4.02 (1.03–15.74)

Tanigawa et al.
(2006) [9] 1763 Pulse oximeter

during sleep Yes
Age, BMI, alcohol intake,
blood pressure, hypertension,
and antihypertensives.

Risk of AF for severe OSA, adjusted
OR 5.66 (1.75–18.34)

Gami et al. (2007)
[11] 3542 PSG Yes Age, gender, coronary artery

disease, BMI.
Incident AF in OSA for patients age
<65, HR 3.29 (1.35–8.04)

Monahan et al.
(2009) [10] 2816 PSG Yes

Subjects serve as their own
controls during event-free
periods.

Risk of AF after a respiratory
disturbance compared to normal
breathing, OR 17.9 (2.2–144.2)

Mehra et al. (2009)
[15] 2911 PSG Yes Age, race, BMI, HTN, DM,

CAD, pacemaker, cholesterol.
Increasing OSA quartile associated
with CVE (𝑃 = 0.01) but not AF.

PSG: polysomnogram; CABG: coronary artery bypass graft; BMI: body mass index; HTN: hypertension; DM: diabetes mellitus; CAD: cardiac disease; OR:
odds ratio; HR: hazard ratio; CVE: complex ventricular ectopy.

Mehra et al. in 2009 (MrOS Study) demonstrated that AF
was associated with central sleep apnea but not obstructive
sleep apnea after adjusting for confounding factors [15].
A prospective randomized trial is needed to confirm the
association between OSA and AF.

Conversely, it has been shown that patients with AF
appear to be more likely to have OSA compared to the
general population [7, 12, 13]. In a landmark study in 2004,
Gami et al. showed that after adjusting for body mass index,
neck circumference, hypertension, and diabetes mellitus,
approximately half of patients with AF were likely to have
OSA (adjusted OR 2.19, 95% CI 1.40–3.42, 𝑃 = 0.0006) [7].
However, conflicting data does exist, as one study did not
show any difference in the prevalence of OSA among patients
with AF compared to gender-, age-, and cardiovascular
morbidity-matched community controls [17].

The question remains whether the association of OSA
and AF is based on mutual risk factors, such as obesity
and hypertension, or whether OSA independently, directly,
and definitively leads to AF. This paper will delineate the
underlying pathophysiologic mechanisms that support the
plausibility of this interplay. In addition, we will describe
the clinical implications of stroke risk and discuss treat-
ment strategies such as continuous positive airway pressure
(CPAP) and AF ablation.

2. Methods

This is a comprehensive review based on a literature search
of the Ovid Medline database (1946 to September 2012) and
Cochrane Database of Systematic Reviews. The following
searches were conducted: (1) “sleep apnea” or “obstructive
sleep apnea” AND “atrial fibrillation” (2) “sleep apnea”
AND “catheter ablation” (3) “sleep apnea” AND “pulmonary

vein isolation” (4) “CPAP” AND “atrial fibrillation” and (5)
“obstructive sleep apnea” AND “stroke.”The paper intends to
address the underlying pathophysiology of obstructive sleep
apnea leading to atrial fibrillation.We will discuss the impact
of OSA treatment on AF and the correlation between OSA
and stroke.

3. Pathophysiology of Obstructive Sleep Apnea

The upper airspace in the pharyngeal region is a combination
of muscles and soft tissue, differing from the cartilaginous
trachea and bronchi in that the airspace can collapse [18].
Sleep naturally causes a loss of tone in the muscles sur-
rounding the pharynx, reducing the pharyngeal airspace and
increasing resistance to airflow [18]. Obesity is the main risk
factor for obstructive sleep apnea, as the fat accumulates
and narrows the lumen of the pharynx [19]. In individu-
als with narrowed and compliant airways at baseline, the
reduction of muscle tone leads to occlusion of the pharynx,
resulting in hypopneas, complete obstruction of airflow,
hypoxia, and hypercapnia. Unsuccessful inspiratory efforts
against an occluded airway lead to a precipitous drop in
intrathoracic pressure with a subsequent increase in afterload
[20], enhancement of venous return, leading to distention
of the right ventricle and shifting of the interventricular
septum. The combination of interventricular septal shift,
impeding left ventricular filling, and an increased afterload
leads to a decrease in left ventricular stroke volume and thus
a temporary fall in cardiac output [19].

3.1. Sympathetic Activation. During apneic episodes, the
sympathetic nervous system is activated by pulmonary
stretch receptors normally quiescent during sleep [19].
Hypoxia and hypercapnia increase sympathetic nervous
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system activation by stimulating peripheral and central
chemoreceptors [21, 22]. The resulting sympathetic stimu-
lation causes vasoconstriction and results in a significant
increase in blood pressure [21]. Immediately after the apneic
period resolves, there is a significant elevation in heart rate
and blood pressure [19]. These surges can occur hundreds
of times per night in someone with severe OSA, leading to
large variability in heart rate and blood pressure. Sleep apnea
has been strongly correlated with hypertension in several
studies [23–26]. Nevertheless, more recent studies suggest
that the relationship between OSA and hypertension may
not be causal and may be confounded by obesity [27, 28].
Normotensive patients newly diagnosedwithOSAhave faster
resting heart rates [29], increased blood pressure variability
[30] and are predisposed to developing hypertension [31] and
end-organ damage [32].

3.2. Systemic Vascular Responses and Inflammation. Inflam-
matory mediators such as cytokines and adhesion molecules
appear to be increased in OSA [33, 34]. C-reactive pro-
tein (CRP), a marker of systemic inflammation, is also
increased in OSA [35, 36]. Oxidative stress on neutrophils
and monocytes results in higher levels of oxygen radicals
in patients with OSA [37]. Patients with OSA have higher
plasma CRP concentrations that increased corresponding to
the severity of their apnea-hypopnea index score [35]. CRP
and interleukin-6 (IL-6) levels were significantly higher in
patients with OSA compared to obese control subjects (CRP
𝑃 < 0.001, IL-6 𝑃 < 0.05) [36]. In turn, Yokoe et al. also
showed that CPAP significantly alleviated the effect of OSA
on CRP and IL-6 levels [36]. Treatment of OSA with CPAP
downregulates the expression of adhesion molecules and
decreases the formation of reactive oxygen species [34, 37].

4. Diagnosis of Obstructive Sleep Apnea

The gold standard of diagnosis is a polysomnographic study
which records sleep and breathing in a sleep laboratory
overnight. A hypopneic episode is defined to fit one of the
following criteria: greater than 50% reduction in airflow or
tidal volume for at least 10 seconds, moderate reduction in
airflow (less than 50%) with arterial oxygen desaturation
greater than 3%, or moderate reduction in airflow with
electroencephalographic evidence of arousal from sleep [38].
Arousal from sleep is defined as transient awakening for less
than 10 seconds [19]. The severity of OSA is measured by the
apnea-hypopnea index (AHI), the frequency of apneas and
hypopneas per hour of sleep. An apnea-hypopnea index ≥ 5
is considered mild, while AHI ≥ 15 is moderate-to-severe
OSA [39, 40].

Albuquerque et al. recently showed that daytime sleepi-
ness symptoms did not correlate with the presence of sleep-
disordered breathing in patients with AF [41]. Patients may
be asymptomatic and thus unaware of their sleep-disordered
breathing, raising the question of not only how to manage
these patients but also how to screen for them.

Table 2: Pathophysiologic mechanisms.

Mechanisms of AF development in obstructive sleep apnea
Negative intrathoracic pressure
Hypoxemia
Hypercapnia
Autonomic nervous system activation
Inflammation
Arterial stiffening
Hypertension
Left ventricular hypertrophy
Diastolic dysfunction
Interventricular septal wall thickening
Left atrial enlargement
Atrial electromechanical remodeling

4.1. Risk Factors. Risk factors for developing OSA include
obesity, neck circumference, male gender, increasing age,
alcohol use, smoking, menopausal status, and black race [38,
42]. Obesity is the most important risk factor, as approxi-
mately 70% of patients with OSA are obese [38]. As obesity
is at epidemic proportions, the number of people affected
by OSA is likely to increase accordingly. The relationship
between OSA and AF is complicated by the fact that obesity
is also an independent predictor of AF. Furthermore, in
patients with OSA who are under 50 years of age, there has
been evidence to show that they are more likely to suffer
hypertension, AF, and all-cause mortality [11, 43, 44].

5. Pathophysiologic Mechanisms of
Obstructive Sleep Apnea Influencing
Atrial Fibrillation

Multiple pathophysiologic mechanisms have been proposed
to explain the association between OSA and AF, and it is
likely that the interplay among them, rather than one factor,
predisposes OSA patients to AF (Table 2). Data suggests that
OSA may induce cardiac remodeling [45–48], increase sym-
pathetic activity [21, 49, 50], and cause systemic inflammation
[33–36].

5.1. Structural and Functional. Recent studies have examined
atrial remodeling of structural and electrical components in
patients with OSA to account for predisposition to AF [45–
48, 51–54]. Sudden negative intrathoracic pressures may lead
to repetitive atrial stretch and gradually lead to left atrial
enlargement [55]. As a result of left atrial enlargement, there
may be remodeling at the pulmonary vein ostia, a site known
to initiate and propagate AF [56]. Patients with severe OSA
(AHI > 15) undergoing catheter ablation had significantly
larger left atria indexed to body surface area compared to
those patients those with an AHI < 15 (𝑃 = 0.009) [46],
confirming the results found in other studies [55, 57]. Since
an enlarged left atrium is a risk factor for AF [58], a plausible
mechanism for OSA leading to a predisposition to AF is
structural remodeling.
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Severe OSA patients were also shown to have extensive
areas of low voltage or electrical silence, and conduction
abnormalities as indicated by prolonged P-wave durations,
slower atrial conduction velocity and sinus node recovery
times [46]. A study of Japanese males with OSA found that
the atrial electromechanical activation time (EMAT) was
significantly longer than control subjects [59]. Yagmur et
al. showed that interatrial and intra-atrial electromechanical
delay were significantly prolonged in patients withmoderate-
to-severeOSA compared to controls (𝑃 < 0.0001) [60].These
electrical abnormalitiesmay underlie a predisposition ofOSA
patients to AF.

In addition to causing left atrial enlargement and atrial
conduction abnormalities, OSA also appears to induce left
ventricular hypertrophy (LVH). An observational study of
51 males with OSA showed that LVH and right ventricular
hypertrophy were more prevalent in men with severe OSA
compared to those with mild OSA [61]. All the patients with
LVH had hypertension. Several studies have established that
OSA is significantly associated with hypertension, especially
in patients younger than 65 years [23–25, 43, 57, 62, 63].
However, there is conflicting data from the Sleep Heart Study
that suggests this association was accounted for by obesity
and not statistically significant after correcting for body mass
index [28].

Drager et al. looked at arterial stiffness by measuring
pulse wave velocity and heart structure in OSA patients
with and without hypertension [57]. They demonstrated
that patients with untreated OSA had increased left atrial
diameter, septal wall thickness, left ventricular (LV) posterior
wall thickness, LV mass index, and LVH, even controlling
for cardiovascular risk factors [57]. These indicators showed
additive effects of hypertension and OSA.

These studies support the concept that OSA leads to
cardiac remodeling in order to compensate for the repeated
stress of an occluded airway. On the contrary, other studies
did not show any difference in LV mass between obese
patients with and without OSA [52, 55, 64].

TheMüller maneuver, occluded inspiration, can generate
negative intrathoracic pressure of −60 to −80mm Hg [65],
to simulate OSA [66, 67]. Orban et al. showed that when
healthy individuals performed the Müller maneuver without
confounding hypoxia and comorbidities, there was a decrease
in LV ejection fraction and left atrial volume [66]. Immedi-
ately after release of the maneuver, there was a compensatory
increase in cardiac output above baseline. Koshino et al.
showed that during the Müller maneuver ventricular longi-
tudinal deformation, as measured by strain and strain rate,
was significantly reduced [67]. These variations in left atrial
size and cardiac output as well as impairment of ventricular
mechanicsmay result in long-term compensation, potentially
increasing the risk of AF and heart failure in OSA patients.

There are a number of animal models that further detail
these structural changes. In a pig model, tracheal occlusions
increasedAF susceptibility [68]. A recent study evaluatingAF
inducibility in rats showed that the likelihood ofAF induction
in obese rats was greater than in lean rats (85.7% versus 27.8%,
𝑃 < 0.001) [69]. Their animal model suggests that obesity

and OSA interrelate to promote AF by promoting left atrial
dilation and LV dysfunction.

Studies have suggested that OSA is associated with dias-
tolic dysfunction [55, 70, 71]. Fung et al. showed a correlation
between the severity of OSA and the degree of left ventricular
diastolic dysfunction in an uncontrolled study [71]. Kraiczi et
al. showed that nocturnal oxygen desaturations were found
to be associated with left ventricular diastolic dysfunction
[70]. Otto et al. confirmed these findings, showing that
82% of patients with OSA had indicators of early diastolic
dysfunction compared to 26% of obese control patients
without OSA (𝑃 = 0.001) [55]. Cardiac structural and
functional changes leading to reduced diastolic function may
predispose OSA patients to AF.

5.2. Hypoxemia. Hypoxemia and hypercapnia affect sympa-
thetic nerve activity, causing vasoconstriction and, as a result,
hypertension [21] which, in turn, is a risk factor for AF.
Studies suggest that the severity of OSA as measured by noc-
turnal oxygendesaturations correlates to the prevalence ofAF
[9, 11]. In a study of Japanesemen, Tanigawa et al. looked at 3%
oxygen desaturation indices to measure apneic events during
sleep [9]. Patients with more desaturation events had a trend
toward an increased risk of AF; the multivariate adjusted OR
was 2.47 (95% CI 0.91–6.69) and 5.66 (95% CI 1.74–18.34),
for mild and severe OSA, respectively (𝑃 = 0.02) [9]. In a
retrospective cohort study, mean followup of 4.7 years, risk
factors for AF in individuals ≤65 years included male gender
(HR2.66, 95%CI 1.33–5.30), age (HR2.04, 95%CI 1.48–2.80),
coronary artery disease (HR 2.66, 95% CI 1.46–4.83), body
mass index (HR 1.07, 95%CI 1.05–1.10), and nocturnal oxygen
saturation (HR 3.29, 95% CI 1.35–8.04) [11]. Of interest, the
magnitude of nocturnal oxygen desaturation was a risk factor
forAF, independent of a diagnosis ofOSA.The study byGami
et al. was novel in that it demonstrated the degree of nocturnal
desaturations predicts AF within approximately 5 years of
diagnosis of OSA [11]. Their findings implicate hypoxemia as
a potential important mediator of AF.

In a prospective study, patients with greater falls in
nocturnal oxygen saturation had a higher recurrence rate of
AF after cardioversion [72]. In the untreated OSA patients,
theAF recurrence rate exceeded 80%, compared to 42% in the
treated OSA group and 53% in the control patients [72]. The
higher recurrence rate among controls compared to treated
OSA patients suggests that some of the controlsmay have had
undiagnosed OSA.

5.3. Autonomic Tone. Frequent episodes of desaturation can
lead to sympathetic activation and contribute to cyclical
increases in blood pressure. The pulmonary vein ostia are
innervated by adrenergic and vagal nerves, which have
been implicated in the development of AF and targeted by
ablation [73]. Noda et al. showed that in patients with OSA,
nocturnal plasma norepinephrine levels were correlated with
the duration of oxygen desaturation [61].

Animal studies have been performed to attempt to elu-
cidate the autonomic mechanisms that affect OSA and AF.
Using a canine model, Ghias et al. demonstrated that they
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were able to induce AF during acute apnea episodes, and
significantly repress AF inducibility after either autonomic
blockade or neural ablation of the right pulmonary artery
ganglionic plexus [74].

Linz et al. showed that atrial effective refractive period
(AERP) was shortened with applied negative tracheal pres-
sure in a swine model, resulting in greater AF inducibility
[68]. They further showed that negative tracheal pressure-
induced AF inducibility was completely inhibited by atropine
and bilateral vagotomy. Based on these results, they con-
cluded that negative tracheal pressure-triggered AF was
mediated by vagal activation alone because it was inhibited
by atropine or vagotomy.

Their group also used a swine model to demonstrate that
blocking early and late potassium currents, with an early acti-
vated potassium current blocker (AVE0118), amiodarone, and
sotalol, did not affect the negative tracheal pressure-induced
AERP shortening [75]. From this data, they concluded that it
is difficult to inhibit arrhythmias caused by negative tracheal
pressure (simulating OSA) with class III antiarrhythmic
drugs. Nevertheless, they did find that an early and a late
activated potassium current in combination could reduce
negative tracheal pressure-induced AERP shortening and
thus AF inducibility [75].

In a more recent animal study, Linz et al. revealed that
renal denervation reduced AF inducibility during applied
negative tracheal pressure. Postapneic hypertension was
inhibited by renal denervation but not changed by atenolol
[79]. Thus, they concluded that renal denervation had
antiarrhythmic effects and reduced blood pressure elevations
following obstructive apneic episodes.

Thepathophysiologicmechanisms of cardiac remodeling,
structural changes such as left atrial dilation and electrical
remodeling, hypoxemia, and autonomic dysregulation have
been implicated as predisposing factors in OSA patients to
AF. Animal studies as well as human data are beginning to
illustrate these mechanistic links.

6. Treatment of Atrial Fibrillation in
Obstructive Sleep Apnea Patients

Continuous positive airway pressure is the treatment of
choice for OSA [80]. Tkacova et al. showed that CPAP
reduced LV afterload and heart rate during sleep in patients
with OSA and congestive heart failure [81]. Pepperell et
al. demonstrated that nasal CPAP treatment lowered blood
pressure and improved symptoms of daytime sleepiness
and quality of life [26, 82–84]. CPAP also helps alleviate
brady-arrhythmias associated with OSA [85]. Although these
studies have not shown a direct impact on AF specifically,
they influence the mechanisms which may lead to AF.

There have only been a few studies which have exam-
ined the impact of CPAP therapy on AF in OSA patients
(please see Table 3) [72, 76–78]. None of the four studies
were randomized. A Japanese group looked at the effect
of CPAP on nocturnal arrhythmias and found that CPAP
significantly decreased the occurrence of paroxysmal AF
(𝑃 < 0.001) [77]. As previously noted, Kanagala et al.

demonstrated that patients treated appropriately with CPAP
had a lower recurrence of AF after cardioversion [72]. Anter
et al. and Patel et al. also demonstrated that among patients
who underwent pulmonary vein isolation for AF, there was
a significant decrease in AF recurrence in CPAP-treated
patients compared to untreated patients [76, 78]. While
these studies suggest that CPAPmay alleviate the obstructive
mechanisms leading to AF, a randomized trial looking at the
effectiveness of CPAP to decrease the incidence of AF has
not been performed. One trial, recently completed in May
2012, aimed to determine the effect of CPAP on the rate of
recurrence of AF after cardioversion therapy [99]. There is
an ongoing trial currently recruiting participants aimed to
determine the incidence of newonset atrial fibrillation among
patients with severe OSA using an implantable loop recorder
[100]. The study will also examine the effect of CPAP on the
incidence of AF and is estimated to complete in 2014. These
trials should help determine if CPAP affects the onset of new
or recurrent AF.

Given the increased risk of cardiac death at night in
OSA patients (RR 2.57, 95% CI 1.87–3.52) [101], and the
evidence suggesting that CPAP therapy protects against death
secondary to cardiovascular causes in patients with OSA
[102], it would be prudent to evaluate the effectiveness of
CPAP as it relates to incidence of arrhythmias. If CPAP
therapy is found to be effective for arrhythmia prevention,
it could be considered as upstream therapy prior to or
in conjunction with antiarrhythmic medication, pacemaker
placement for bradyarrhythmias, or catheter ablation for AF.
Early intervention with CPAP, a noninvasive therapy, is a
reasonable consideration as patients with severe OSA are less
likely to respond to antiarrhythmic drug therapy [103].

7. Catheter Ablation of Atrial Fibrillation in
OSA Patients

Although pulmonary vein isolation (PVI) has been estab-
lished as an effective treatment for AF [56, 104–106], some
patients experience conduction recurrence across a previ-
ously disconnected pulmonary vein. Sauer et al. characterized
this group and concluded that acute return of pulmonary vein
conduction ismore likely after successful PVI in patients who
are elderly, hypertensive, with nonparoxysmal AF, a large left
atrium, and sleep apnea [107].

A recent meta-analysis by Ng et al. determined that OSA
patients have a 25% greater AF recurrence rate after PVI
(RR 1.25, 95% CI 1.08–1.45, 𝑃 = 0.003) [86]. The meta-
analysis looked at six studies published between 2008 and
2010 and included 3,995 patients [78, 87–91].These studies are
summarized in Table 4. Subgroup analysis demonstrated that
patients diagnosed with OSA using the Berlin Questionnaire
(BQ) did not have a greater risk of AF recurrence after
catheter ablation, but patients diagnosed using polysomnog-
raphy were at increased risk. The BQ, a popular diagnostic
tool due to its relative ease and cost-effectiveness, may
overestimate the number of OSA patients, leading to a greater
false-positive rate [89]. According to Jongnarangsin et al.,
after multivariate analysis, OSA was the strongest predictor
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Table 3: Does CPAP improve AF outcomes?

Investigator Number of patients Follow-up
period (months) Methods Results

Anter et al. (2012) [76] 426 26 ± 18
Prospective

consecutive patients

After PVI, 72% of the CPAP patients and
62% of the non-CPAP patients were free of
AF (𝑃 = 0.005)

Abe et al. (2010) [77] 1394 N/A Prospective trial CPAP significantly reduced the occurrences
of paroxysmal AF (𝑃 < 0.001)

Patel et al. (2010) [78] 640 OSA patients,
2360 controls 32 ± 14

Prospective
consecutive patients

After PVI, 79% of CPAP users compared to
68% of non-CPAP users were free of AF
(𝑃 = 0.003)

Kanagala et al. (2003) [72] 39 OSA patients,
79 controls 12 Prospective trial

Recurrence on CPAP was 42% versus 82% in
non-CPAP group (𝑃 = 0.013); and 53% in
controls (𝑃 = 0.009)

CPAP: continuous positive airway pressure; PVI: pulmonary vein isolation.

Table 4: Risk of AF recurrence after catheter ablation.

Investigator Number of
patients Ablation strategy Diagnosis of

OSA
Results: recurrence of AF in patients with

OSA versus no OSA [86]
Patel et al. (2010) [78] 3000 PVI plus left atrial linear ablation PSG RR 1.23 [1.06, 1.43]
Matiello et al. (2010) [87] 174 PVI plus left atrial linear ablation PSG RR 1.53 [1.21, 1.92]
Chilukuri et al. (2010) [88] 109 PVI BQ RR 0.97 [0.75, 1.26]
Tang et al. (2009) [89] 178 PVI BQ RR 1.03 [0.61, 1.73]
Chilukuri et al.
(2009) [90] 210 PVI BQ RR 1.18 [0.93, 1.49]

Jongnarangsin et al.
(2008) [91] 324 PVI plus CAFE ablation PSG RR 1.61 [1.16, 2.22]

PVI: pulmonary vein isolation; PSG: polysomnogram; RR: risk ratio; BQ: Berlin Questionnaire; CAFE: complex fractionated atrial electrograms.
Adapted from Ng et al. 2011 [86].

of recurrent AF after catheter ablation, associated with a
threefold increase in the probability of recurrence (OR= 3.04,
95% CI 1.11–8.32, 𝑃 = 0.03) [91]. A recent study showed that
moderate-to-severe sleep-disordered breathing (AHI ≥ 15)
was an independent predictor ofAF recurrence after PVIwith
cryoballoon technique (HR 2.95, 𝑃 = 0.04) [108].

As previously noted, treatment with CPAP was shown
by Patel et al. to improve PVI success rate [78]. Patients not
treated with CPAP had a higher prevalence of nonpulmonary
vein triggers, which is likely a reflection of electrical and
structural remodeling of the atria, and theywere 8 timesmore
likely to fail the procedure [78]. Patients with OSA should
be given special consideration when they are being evaluated
for catheter-based AF ablation, andOSA treatment should be
maximized to improve ablation results.

8. OSA and Stroke Risk

Obstructive sleep apnea also increases the risk of stroke and
death [94, 95, 109]. It remains unclear if this increased risk of
stroke is related to the increased risk of paroxysmal AF, or if
this is an independent factor. According to ameta-analysis by
Loke et al. of 8345 participants, OSA more than doubled the
risk of stroke (OR 2.24, 95% CI 1.57–3.19, 𝐼2 = 7%), but only
three of the five studies recorded the presence of AF [110].

Studies examining the relationship between OSA and stroke
risk are summarized in Table 5.

There are three ongoing trials examining whether CPAP
treatment reduces the rate of cardiovascular events and
stroke. The RICCADSA Trial at Skaraborg Hospital aims
to determine if CPAP reduces the rate of revascularization,
MI, stroke, and cardiovascular mortality in 400 patients
over a mean of 3 years followup in coronary artery disease
patients without daytime sleepiness [111].There are two other
multicenter randomized clinical trials estimated to complete
in 2014 and 2015 which also aim to determine if CPAP will
reduce cardiovascular death and nonfatal events such as MI,
stroke, and heart failure [112, 113]. While these studies are not
looking directly at the relationship between stroke and AF,
they may shed some light on whether CPAP lowers the risk
of stroke in OSA patients.

The Framingham Study defined AF as a risk factor for
stroke [114]. In 2001, the CHADS

2

score was developed to
aid the decision to prophylactically anticoagulate a patient
to decrease the risk of stroke [115]. This scoring system
awards one point for the risk factors congestive heart failure,
hypertension, age ≥ 75, and diabetes mellitus, and two points
for previous stroke or transient ischemic attack. A score of
two or higher implies the patient should be anti-coagulated
with warfarin or another appropriate anticoagulant than
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Table 5: OSA and stroke risk.

Investigator
Number

of
patients

Primary
endpoints

Mean
followup
(yrs)

Control
for AF Risk factor adjustments Results for stroke

Boden-Albala
et al. (2012) [92] 2088 Ischemic stroke,

MI, death 5.1 Yes

Age, sex, race, education, WC,
systolic and diastolic BP, fasting
glucose, HDL, alcohol, smoking,
physical activity, PVD, CAD,
total cholesterol/HDL level,
depression, and medication
usage.

HR for ischemic stroke in patients
with significant dozing was 2.74
(1.38–5.43); HR for all stroke, 3.00
(1.57–5.73)

Redline et al.
(2010) [93] 5422 Ischemic stroke 8.7 No Age, race, BMI, smoking, BP,

antihypertensives, DM.
Adjusted HR for stroke in men with
severe OSA was 2.86 (1.10–7.39)

Munoz et al.
(2006) [94] 394 Stroke 4.5 Yes Sex.

Adjusted HR for stroke in OSA
patients was 2.52 (1.04–6.10)

Yaggi et al. (2005)
[95] 1022 Stroke or death 3.4 Yes

Age, race, sex, smoking, alcohol
consumption, BMI, AF, HTN,
and lipids.

Unadjusted RR for stroke in OSA
was 3.02 (1.27–7.21), death adjusted
RR, 1.70 (0.92–3.16)

Arzt et al. (2005)
[45] 1189 Stroke 4 No Age, sex, and BMI. Fully adjusted OR for stroke in

severe OSA was 3.08 (0.74–12.81)

Marin et al.
(2005) [96] 1010 Fatal MI, stroke 10.1 No

Age, CV disease, DM, HTN, lipid
disorders, smoking, alcohol use,
BP, glucose, lipid levels, and CV
drugs.

OR for fatal MI or stroke in
untreated severe OSA was 2.87
(1.17–7.51)

Mooe et al. (2001)
[97] 408

Death,
cerebrovascular

events, MI
5.1 No

Age, sex, BMI, HTN, DM, left
ventricular function, and
coronary intervention.

OR for stroke in moderate OSA
patients was 2.62 (1.26–5.46), in
severe OSA patients, 2.98
(1.43–6.20)

Hu et al. (2000)
[98]

71,779
women

Stroke, coronary
heart disease,

fatal
cardiovascular

events

8 No

Age, BMI, cigarette smoking,
DM, hypercholesterolemia,
menopausal status, family history
of MI before age 60, alcohol
consumption, multivitamin and
vitamin E use, physical activity,
number of hours sleeping, and
sleep position.

Age-adjusted total stroke RR for
occasional snorers, 1.60 (1.21–2.12);
for regular snorers 1.88 (1.29–2.74).
Multivariate adjusted RR for
occasional snorers, 1.42 (1.07–1.89);
for regular snorers RR 1.35
(0.91–1.99)

MI: myocardial infarction; WC: waist circumference; BP: blood pressure; HDL: high density lipoprotein; PVD: peripheral vascular disease; CAD: coronary
artery disease; BMI: body mass index; HR: hazard ratio; DM: diabetes mellitus; HTN: hypertension; RR: relative risk; OR: odds ratio; CV: cardiovascular.

aspirin or clopidogrel if there are no contraindications. The
CHADS

2

score was developed before OSA was recognized to
increase the risk of stroke, and it has recently been debated
whether OSA should be added to the CHADS

2

score [116].
The relative risks for hypertension, age, diabetes, and prior
stroke/TIA are similar to that of OSA [116]. Obstructive
sleep apnea is often associated with significant cardiac risk
factors such as hypertension, diabetes, and obesity, further
increasing the risk of stroke [117]. A large prospective trial
is needed to determine if the CHADS

2

score should be the
CHADSS

2

score, adding one more “s” for sleep apnea.

9. Conclusion

In obstructive sleep apnea, left atrial remodeling, diastolic
dysfunction, increased autonomic tone, inflammatory medi-
ators, and hypertension are potential factors which coalesce
to amplify the risk of AF.OSA also increases the risk of stroke,

and it remains unclear whether this is related to paroxysmal
AF or an independent risk factor. Patients with OSA and
AF are prone to recurrent AF after cardioversion or catheter
ablation. CPAP is the treatment of choice for OSA, and it may
have some antiarrhythmic effects. However, a prospective
randomized control trial is needed to determine the effect
of CPAP on AF prevention. General internists and elec-
trophysiologists alike should screen patients for OSA when
considering possible interventions for atrial fibrillation.
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Sleep-disordered breathing (SDB) causes hypoxemia, negative intrathoracic pressure, and frequent arousal, contributing to
increased cardiovascular disease mortality and morbidity. Obstructive sleep apnea syndrome (OSAS) is linked to hypertension,
ischemic heart disease, and cardiac arrhythmias. Successful continuous positive airway pressure (CPAP) treatment has a beneficial
effect on hypertension and improves the survival rate of patients with cardiovascular disease. Thus, long-term compliance with
CPAP treatment may result in substantial blood pressure reduction in patients with resistant hypertension suffering from OSAS.
Central sleep apnea and Cheyne-Stokes respiration occur in 30–50% of patients with heart failure (HF). Intermittent hypoxemia,
nocturnal surges in sympathetic activity, and increased left ventricular preload and afterload due to negative intrathoracic pressure
all lead to impaired cardiac function and poor life prognosis. SDB-related HF has been considered the potential therapeutic target.
CPAP, nocturnal O

2

therapy, and adaptive servoventilationminimize the effects of sleep apnea, thereby improving cardiac function,
prognosis, and quality of life. Early diagnosis and treatment of SDB will yield better therapeutic outcomes for hypertension and HF.

1. Introduction

Obstructive sleep apnea syndrome (OSAS) is character-
ized by recurrent episodes of sleep apnea accompanied
by hypoxia, fluctuations in heart rate and blood pressure
(BP), frequent arousal, and consequent sleep fragmentation,
resulting in an activation of the sympathetic nervous system
[1–7]. The most common neuropsychiatric manifestation of
OSAS is excessive daytime sleepiness that is secondary to
sleep fragmentation and the lack of slow-wave sleep; other
major, long-term manifestations of OSAS include disorders
of the cardiovascular system [2].

The Sleep Heart Health Study [8] and Wisconsin Sleep
Cohort Study [9] reported that OSAS is an independent risk
factor for the development of essential hypertension. Accord-
ing to the Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure, OSAS is one of the identifiable causes of
hypertension [10].

Central sleep apnea (CSA) andCheyne-Stokes respiration
(CSR) occur in 30–50% of patients with left ventricular (LV)
dysfunction and heart failure (HF) caused by hypertension,

cardiomyopathy, and ischemic heart disease [11]. Treatment
of sleep apnea with nocturnal continuous positive airway
pressure (CPAP) in individuals with congestive HF not only
treats sleep-disordered breathing (SDB), but also results in
improved LV function, alleviatedHF symptoms, and reduced
sympathetic activation due to decreased norepinephrine
secretion [12]. Although CPAP reportedly improves LV func-
tion and survival rate in patients withHF [12, 13], outcomes of
long-term compliance with CPAP treatment in these patients
remain unknown. Moreover, guidelines for CPAP treatment
have yet to be established.

2. Hypertension

OSAS and hypertension are often comorbid; approximately
50%of patientswithOSAS are hypertensive, whereas 30–40%
of patients with hypertension are estimated to suffer from
OSAS [14]. The Sleep Heart Health Study in 2000, a cross-
sectional study, reported that the prevalence of hypertension
was independently associated with apnea-hypopnea index
(AHI), after adjusting for obesity, alcohol intake, smoking
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habit, neck circumference, and waist-to-hip ratio [8]. The
incidence of hypertension during a 4-year follow-up of the
Wisconsin Sleep Cohort Study [9] rose with increasing OSAS
severity.

Patients with severe OSAS exhibit attenuated nocturnal
BP dipping (nondipping pattern), as well as marked and
rapid BP elevation in the morning shortly after waking
(morning BP surge) [4, 6, 15]. Mounting evidence suggests
thatmorning BP surge is significantly associatedwith cardiac,
cerebral, renal, and vascular damage [16]. Cross-sectional
studies have demonstrated consistent results that moderate-
to-severe OSAS (AHI >15 events/h) increases the risk of
developing hypertension [17]. Thus, the diagnosis of OSAS
and the proper treatment of BP are of particular importance
for patients with hypertension.

We previously reported that repeated episodes of end-
apneic arousal or hypoxia and consequent sleep fragmen-
tation were associated with an increase in nocturnal BP,
possibly leading to sustained hypertension and LV hyper-
trophy [4–6]. Both hypertension and LV hypertrophy are
strong cardiovascular risk factors [18] and are linked to poor
prognoses in patients with OSAS [19]. Yet, themechanisms of
how recurrent nocturnal BP surges and sympathetic activity
lead to cardiovascular disease (CVD) or abnormal autonomic
control of heart rate during the daytime in OSAS patients
remains unclear. We also reported that nocturnal oxygen
desaturation, sleep fragmentation, and increased sympathetic
activity impaired daytime baroreflex sensitivity and nitric
oxide (NO) production in patients with moderate-to-severe
OSAS [20, 21]. Alterations in cardiac autonomic nervous
function and endothelial dysfunction likely contribute to an
increased risk of cardiovascular morbidity and mortality in
OSAS patients.

Arousals that occur to terminate apneic events split
the sleep pattern in patients with OSAS. Hypoxemia, CO

2

retention, and respiratory acidosis caused by repeated
apnea/hypopnea disrupt the normal cardiovascular sys-
tem [3]. Hypoxemia, negative intrathoracic pressure, and
increased sympathetic activity that accompany arousal are
important factors in the development of hypertension in
patients with OSAS [7]. Negative intrathoracic pressure
during apnea increases LV afterload and elevates myocardial
oxygen demand. OSAS also reduces parasympathetic activity
and the baroreceptor reflex. Moreover, repetitive hypox-
emia and reoxygenation induce oxidative stress. Endothelial
dysfunction, augmentation of central aortic pressure and
increased central pulse pressure, enhanced renin-angiotensin
system (RAS) activity, and insulin resistance have been
reported in patients with OSAS [20, 21]. The prevalence of
metabolic syndrome in patients with OSAS is about twice
that of those without OSAS [22]. Hypoxemia, sympathetic
activation, chemoreceptor stimulation, and enhanced RAS in
OSAS are possible mechanisms underlying the development
of hypertension and target-organ damage.

CPAP treatment significantly reduces apnea/hypopnea,
improves hypoxemia, decreases arousal, and normalizes sleep
architecture. Severe OSAS significantly increases the risk of
fatal and nonfatal cardiovascular events, and CPAP treatment
reduces this risk [19]. These positive effects are observed

from the first night of CPAP treatment in patients with
OSAS; in a previous study, the 24-hour urinary excretion
of norepinephrine was significantly reduced, and the plasma
concentration of NO significantly increased, one night after
CPAP treatment in patients with OSAS [21]. Successful CPAP
treatment also ameliorates daytime excessive sleepiness, noc-
turnal arousal, and headache after waking. Furthermore,
CPAP treatment reduces cyclic changes in heart beat and BP
accompanied by apnea, increases arterial blood gas during
waking, decreases brachial-ankle pulse wave velocity and
the baroreceptor reflex, and decreases BP [5, 21]. Hence,
CPAP not only treats SDB, but also improves the quality
of life (QOL) by eliminating complications of OSAS and
normalizing sleep architecture.

The effects of CPAP on BP reduction are observed
both during daytime and sleep in patients with OSAS.
Patients with resistant hypertension and OSAS showed a
greater reduction in daytime diastolic BP, 24-hour systolic BP,
and 24-hour diastolic BP after a 3-month CPAP treatment
(>5.8 hours/night) [23]. Thus, 24-hour BP monitoring would
be beneficial when starting CPAP treatment in patients
undergoing antihypertensive therapy. Resistant hypertension
increases cardiovascular risk, and thus it is an important
public health problem. OSAS should be considered a major
underlying factor that contributes to resistant hypertension
[24–27].

OSAS is involved in CVD death; however, successful
CPAP treatment reduces this risk [28, 29]. A cohort study in
Japan reported that the prognosis in the middle-aged pop-
ulation might be affected by complications of hypertension
or severity of oxygen desaturation related to OSAS [25]. The
effects of CPAP treatment on systolic and diastolic BPs are
related to daytime sleepiness and CPAP compliance [30, 31].
Appropriate treatment of OSAS should therefore be targeted
to the prevention of hypertension, which causes CVD, as well
as the early detection of atherosclerosis.

3. Heart Failure

Patients with HF have a high prevalence of CSA/CSR, which
is characterized by the oscillation of tidal volumes, resulting
in PaCO

2

levels below the apneic threshold. The overall
mechanisms underlying CSA/CSR are complex, involving
chemoreflexes by hypoxemia, prolonged circulation time by
reduced cardiac output, upper airway resistance by conges-
tion, and edema and arousals by hyperventilation and low
PaCO

2

[32–34]. Important risk factors of CSA/CSR include
sex (male), age (>60 years old), PaCO

2

(<38mmHg), and
a history of atrial fibrillation [35–39]. Poor survival rates
among patients with HF are proportional to the frequency
of central apneic events [40]. Along with CSA, low diastolic
BP and severe right ventricular dysfunction are also variables
predicting survival [41]. Given the high prevalence of SDB in
men presentingwithmild symptoms ofHF, routine screening
for SDB should be performed, as CPAP is a well-established
treatment for such individuals.

CPAP treatment is effective in alleviating CSA/CSR
in patients with HF [42–44]. Although the underlying
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mechanisms are unclear, the decrease in LV preload and
afterload and increase in PaCO

2

are possible contributing
factors. CPAP treatment reduces cardiac output in patients
with a pulmonary artery wedge pressure of <12mmHg or
normal cardiac output and stroke volume. In these patients,
CPAP treatment should be carefully handled and followed up.
In a randomized, controlled trial of 66 patients with CHF (29
with and 37 without CSR/CSA) under the age of 75 years,
patients with CSR/CSA had a significantly increased mor-
tality and cardiac transplantation rate compared with those
without CSR/CSA [43]. Bradley et al. [12] found that CPAP
resulted in attenuatedCSA, improved nocturnal oxygenation,
increased LV ejection fraction, lowered norepinephrine lev-
els, and extended distance walked in six minutes; however,
it did not affect patient survival. On the other hand, the
Canadian CPAP for Patients with CSA and Heart Failure
Trial (CANPAP) showed that CPAP might improve both LV
ejection fraction and heart transplant-free survival if CSA is
suppressed soon after its initiation [13]. Two studies have also
assessed the role of CPAP in the prognosis of patients with
OSAS and HF [45, 46].

Bilevel positive airway pressure (BIPAP) can set the
inspiratory and expiratory pressure levels separately, and thus
there is less patient discomfort in BIPAP than with CPAP
treatment. Moreover, BIPAP treatment improves lung com-
pliance and ventilation-perfusion ratio. In our cohort study of
52 patients with idiopathic dilated cardiomyopathy and CSA,
LV ejection fraction, deceleration time of the peak early LV
filling velocity, and specific activity scale were significantly
increased, and the LV end-systolic internal dimension, heart
rate, systolic and diastolic BPs, and plasma BNP levels were
all significantly decreased in 10 patients after a 3-month
BIPAP treatment.There were no significant changes in any of
the measured parameters in patients with AHI >20 events/h
and drug treatment during the 3-month period. Moreover,
four patients in this group died from worsening HF [47].
BIPAP treatment could be effective in patients with cardiac
dysfunction/HF complicated with SDB [47–49] and should
be considered a nonpharmacologic adjunct to conventional
drug therapy.

Adaptive servoventilation (ASV) is a new approach to
treating CSA/CSR and involves providing patients a small but
varying amount of ventilatory support. One night of ASV
suppresses CSA/CSR in patients with HF and improves sleep
quality better than CPAP or 2 L/min of oxygen supplemen-
tation [50]. Given the lack of consensus on what constitutes
the optimal therapy, further studieswill be needed to establish
the standard treatment strategy for CSA/CSR in patients with
HF.

Nocturnal oxygen supplementation reportedly dimin-
ishes CSR in patients with stable chronic HF [51]. Patients
with HF, CSR, and hypoxemia related to CSA are considered
candidates for nocturnal oxygen therapy; it is indicated for
cases where CPAP treatment cannot achieve SpO

2

>90%,
and oxygen increases until SpO

2

reaches >90%. Nocturnal
oxygen therapy prevents hypoxemia during apnea, lessens
the direct adverse effects on the cardiovascular system,
inhibits central chemoreceptor sensitivity to CO

2

, decreases
sleep apnea by correcting hyperventilation during daytime,

and inhibits sympathetic activity. Therefore, patient QOL
ameliorates along with improvements in sleep architecture,
shortness of breath and fatigue during daytime, and cognitive
function [52]. Nocturnal oxygen therapy might also have
long-term efficacy, as sympathetic activity is decreased in
patients with chronic HF and CSA [53].

Angiotensin-converting enzyme inhibition can improve
AHI and nocturnal oxygen desaturation in patients with
mild-to-moderate HF [54]. Diuresis with a reduction in LV
filling pressure has also been shown to lower the severity of
CSA [55].𝛽-adrenergic blockade, which counters excess sym-
pathetic activation and may modulate ventilatory responses
in HF, was shown to decrease AHI in patients with CSA [56].

The evaluation of SDB in patients with CVD is critical in
cardiovascular medicine. CSA/CSR may play an important
role in HF progression, morbidity, and mortality. Although
advances in medicine have increased the survival rates of
patients with CVD, the recent increase in the number of
patients with HF is a major concern. The development of
therapeutic strategies for SDB-related HF will continue to be
a challenging issue in clinical medicine.
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