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Although sleep apnea is closely associated with cardiovascular disease, it remains
underdiagnosed and undertreated. Obstructive sleep apnea elicits a cascade of harmful
cardiovascular stimuli, and central sleep apnea is a prognostic factor for heart failure
and may exert adverse effects on outcomes. The adverse effects of obstructive sleep
apnea can promote the development of atherosclerosis and have also been implicated
in the pathogenesis of cardiovascular disease. Sleep apnea characterized by variables 
of the autonomic nervous system may have a direct association with arrhythmia.
Polysomnography with electroencephalography is the gold standard for assessing sleep
apnea. Alternative methods of screening for OSA have recently become available.
Continuous positive airway pressure for obstructive sleep apnea reduces cardiac risk
and cardiovascular disease mortality. Targeting sleep apnea in the primary and/or
secondary prevention of cardiovascular disease may lead to better outcomes.
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Growing evidence from epidemiologic studies suggests that obstructive
sleep apnea (OSA) may be a treatable risk factor for hypertension and car-
diovascular disease (CVD),1,2 and central sleep apnea (CSA) is a prognos-

tic factor for heart failure (HF)3 that may constitute a separate, additional adverse
influence on outcomes.4 Despite the overwhelming evidence showing a close as-
sociation between sleep apnea and CVD, sleep apnea remains underdiagnosed
and undertreated. After discussing the diagnosis of sleep apnea, this article will
examine the association between OSA and CVD factors such as atherosclerosis,
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hypertension, vascular disease, and
pulmonary hypertension arrhythmias.
It will also consider implications of
OSA and CSA in patients with heart
failure. Treatment options for OSA and
CSA will be presented.

Diagnosis of Sleep Apnea
OSA is caused by upper airway col-
lapse during inspiration and is ac-
companied by strenuous efforts to
breathe. CSA is characterized by ap-
neas secondary to diminution or ces-
sation of thoracoabdominal respira-
tory movement due to decreased
central respiratory drive. The apnea-
hypopnea index (AHI) describes the
number of apneas and hypopneas
that occur per hour of sleep. OSA, de-
fined as the presence of an AHI of 5
or more, is found in 24% of middle-
aged men and 9% of middle-aged
women.5 CSA is primarily seen in pa-
tients with HF, although occasionally
it may occur in healthy individuals. 

Evidence that OSA is a treatable risk
factor for CVD is accumulating, but
physicians still pay little attention to
patients’ breathing patterns, partly
due to the limitations of physical ex-
aminations and sleep studies. OSA pa-
tients generally snore and experience
excessive daytime sleepiness. In con-
trast, most cardiovascular patients ex-
perience no significant difference in
sleepiness with or without OSA.6 Sim-
ilarly, HF patients with CSA do not
complain of significant sleepiness.7

The symptoms may overlap with the
fatigue characteristic of patients with
severe HF. Therefore, patients with
CVD may overlook sleep apnea,
which could have adverse effects on
their disease status. Table 1 shows
clinical evaluations of patients with
CVD and OSA. Polysomnography
with electroencephalography is the
gold standard for assessing sleep
apnea. Recently, alternative methods
of screening for OSA have become
available, which allow for home

assessments. In the future, simpler and
less expensive methods for diagnosing
sleep apnea will improve the diagnosis
of this overlooked condition.

Cardiovascular Disease 
and Obstructive Sleep Apnea
OSA elicits a cascade of unfavor-
able cardiovascular stimuli during
sleep that is characterized by repet-
itive apnea-induced hypoxia, gen-
eration of exaggerated negative
intrathoracic pressure, arousals
from sleep, sympathetic nervous
system activation, and parasympa-
thetic withdrawal, as well as the
production of reactive oxygen
species and inflammatory media-
tors.8,9 Downstream, these stimuli
promote trophic stimulation of the
myocardium, vascular endothelial
dysfunction, increased platelet ag-
gregability, and insulin resistance.
These adverse effects can promote
the development of atherosclerosis
and have also been implicated
in the pathogenesis of CVD.8 A re-
cent prospective cohort study has
shown that compared with healthy
controls, untreated male patients
with severe OSA have significantly
greater risks of fatal and nonfatal
cardiovascular events (odds ratios,
2.87 and 3.17, respectively).10 Fig-
ure 1 shows the estimated correla-
tion between the prevalence of
OSA and CVD.

Table 1
Signs and Symptoms Suggestive of
OSA With Cardiovascular Diseases

General Symptoms
Loud snoring
Choking or gasping episodes
Excessive daytime sleepiness
Nonrestorative sleep
Fatigue

Typical Presentations With
Cardiovascular Disease
Nocturia
Nocturnal palpitations
Morning headaches
Gastroesophageal reflux
Paroxysmal nocturnal dyspnea
Peripheral edema
Difficult-to-control blood pressure
Cor pulmonale

Others
Witnessed apneas
Family history
Increasing body weight (especially
neck circumference)

OSA, obstructive sleep apnea.
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Figure 1. Prevalence of OSA (apnea-
hypopnea index � 15/h) in patients with
cardiovascular disease. OSA, obstructive
sleep apnea; HF, heart failure; ACS, acute
coronary syndrome; RHT, refractory hyper-
tension. www.medreviews.com
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Atherosclerosis
There is a close correlation between
markers of CVD and OSA. However,
demonstration of an independent as-
sociation between OSA and athero-
sclerosis has been difficult because the
majority of patients with OSA share
several traditional risk factors for ath-
erosclerosis, including obesity, hyper-
tension, and insulin resistance.8 Previ-
ous studies demonstrated that
compared with individuals without

OSA matched for age, sex, body mass
index, and blood pressure, those with
OSA had more pronounced signs of
early atherosclerosis as manifested by
greater carotid artery intima-medial
thickness and faster carotid to
femoral artery pulse-wave velocity.11

Furthermore, 4 months of continuous
positive airway pressure (CPAP) treat-
ment significantly improved markers
of atherosclerosis in normotensive
middle-aged men with severe OSA.12

It is, however, premature to recom-
mend screening for and treatment of
OSA as a strategy for primary or sec-
ondary prevention of atherosclerosis
and its consequences.

Hypertension
The evidence supporting a causal
association between OSA and hyper-
tension is compelling. Perhaps the
most convincing prospective data
were provided by the Wisconsin Sleep
Cohort Study,1 which demonstrated
an independent association between
OSA at baseline and the development
of new hypertension within 4 years.
The most recent guidelines placed
OSA at the top of the list of causes of
secondary hypertension.13 Random-
ized, placebo-controlled studies
demonstrated that several months of
CPAP therapy resulted in a signifi-
cant reduction in daytime blood
pressure.14 However, Barbé and col-

leagues15 found that in 55 severe
OSA patients without daytime sleepi-
ness, 24-hour blood pressure moni-
toring did not show any variation
from baseline to 6 weeks after initia-
tion of CPAP treatment. 

Resistant hypertension patients
have a high incidence of cardiovas-
cular events and thus represent an
important healthcare problem. A re-
cent study has demonstrated that
65% of resistant hypertension pa-

tients had OSA, and 3-month CPAP
treatment significantly reduced sys-
tolic blood pressure (�5.2 mm Hg),
especially nocturnal values (�6.1 mm
Hg).9 It is noteworthy that those
patients generally presented a low
pretest clinical probability of OSA. In
that study, 55% of patients reported
chronic snoring, and only 18% expe-
rienced daytime sleepiness.9 This ob-
servation supports the need for sleep
studies in all patients with resistant

hypertension, regardless of the clini-
cal characteristics of OSA. 

The mechanisms of the hyperten-
sive effects of OSA are multifactorial
because hypertension is a disease
with other potential etiologies or fac-
tors, such as body fat distribution,
age, sex, environment, and insulin
resistance. Nevertheless, nocturnal
chemoreflex activity (Figure 2) might
carry over into excessive sympa-
thetic activity and higher blood pres-
sure even during the daytime.

Vascular Disease (Coronary Artery 
Disease, Aortic Disease)
In patients with coronary artery dis-
ease, the presence of OSA adversely
affects prognosis and is an indepen-
dent predictor of cardiovascular mor-
tality.16 Patients with both OSA and
coronary artery disease also have a
higher rate of nocturnal ischemic
events compared with patients who
have OSA alone, and treatment with
CPAP significantly reduces the total
duration of ST-segment depression in
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Figure 2. Recordings of the electrooculogram (EOG), electroencephalogram (EEG), electromyogram (EMG), elec-
trocardiogram (EKG), sympathetic nerve activity (SNA), respiration (RESP), and blood pressure (BP) in a patient
with obstructive sleep apnea (OSA) during rapid eye movement sleep. BP surges occurred at the end of the apneic
periods. Reprinted with permission of the American Society for Clinical Investigation, from Somers VK, Dyken ME,
Clary MP, Abboud FM. Sympathetic neural mechanisms in obstructive sleep apnea. Vol. 96, pages 1897-1904.9

Copyright 1995; permission conveyed through Copyright Clearance Center, Inc.

Sleep studies should be performed in all patients with resistant hypertension.
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patients with sleep apnea.17 Our
observational study16 showed that in
patients with acute coronary syn-
drome, OSA appeared to be an inde-
pendent predictor of clinical and
angiographic outcomes after percuta-
neous coronary intervention (Fig-
ure 3). However, there is still no inter-
ventional study designed to determine
whether treating OSA could be useful
in the primary and secondary preven-
tion of coronary artery disease.

OSA could be a contributing factor
to thoracic aortic expansion in some
patients18 through the mechanical
stress on the aorta wall caused by re-
peated exacerbation of negative in-
trathoracic pressure. Peters and col-
leagues19 reported that a decrease in
intrathoracic pressure confined to di-
astole can distend the intrathoracic
aorta in rats. Thus, we speculated that
the sudden rises and changes in the
transmural pressure of the aortic wall,
repeated hundreds of times nightly
over years, could contribute to tho-
racic aortic expansion. Serizawa and
colleagues20 showed that OSA ap-

peared to be an independent factor
associated with thoracic aortic expan-
sion, but not with hypertension.

Pulmonary Hypertension
Daytime pulmonary hypertension is
present in 20% to 40% of OSA pa-
tients.21,22 Pulmonary hypertension
in OSA could have a precapillary
component related to the combined
effects of increased right ventricular
preload (increased venous return due
to apnea-induced negative intratho-
racic pressure), afterload (increased
pulmonary vasoconstriction), and
vascular endothelial remodeling, but
it could also have a postcapillary
component related to permanent or
episodic elevation of left ventricular
(LV) afterload from increased sys-
temic blood pressure and the pres-
ence of diastolic dysfunction. These
stressors appear to contribute to the
high prevalence of daytime hyper-
tension in patients with OSA. In ad-
dition, CPAP therapy restores normal
levels of vasoactive mediators, in-
cluding circulating endothelin-1 and

nitric oxide levels,8 and improves LV
diastolic dysfunction due to the
elimination of nocturnal hypoxia,
nocturnal sympathetic surges, and
LV afterload. A previous study
showed that in OSA patients with
pulmonary hypertension, CPAP
often lowers nocturnal and daytime
pulmonary artery pressure.22

Arrhythmias
Sleep apnea characterized by vari-
ables of the autonomic nervous sys-
tem may have a direct association
with arrhythmia. Recent data from
the Sleep Heart Health Study demon-
strated an association between sleep
apnea and nocturnal arrythmias.23

One study showed an association be-
tween OSA and bradyarrhythmias,24

particularly in patients exhibiting
severe nocturnal oxygen desatura-
tion, although bradycardia may be
marked in only a minority of pa-
tients with OSA. The mechanism of
these bradyarrhythmias is usually at-
tributed to the reflex increase in
vagal tone triggered by a combina-
tion of apnea-related severe hypoxia
and stimuli of pulmonary mechani-
cal receptors. The diagnosis of sleep
apnea is crucial because CPAP reverses
heart block in a significant percentage
of patients with OSA.24 Pacemaker
guidelines from the American Col-
lege of Cardiology/American Heart
Association/North American Society
for Pacing and Electrophysiology
(ACC/AHA/NASPE) now recommend
that the presence of sleep apnea be
considered a cause of transient atrio-
ventricular block during nocturnal
sleep apnea and be treated with
CPAP.25

In patients with cardioversion for
atrial fibrillation, the presence of un-
treated sleep apnea doubles the
likelihood of the recurrence of atrial
fibrillation within 12 months, com-
pared with patients with OSA receiv-
ing CPAP.26 Continuous cardiac
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Figure 3. Kaplan-Meier analysis of the rates of freedom from a major adverse cardiac event (MACE; cardiac death,
reinfarction, and target vessel revascularization) in acute coronary syndrome patients with obstructive sleep apnea
(OSA) (n � 51) (solid line) and without OSA (n � 38) (dotted line). Reprinted from the American Journal of Cardi-
ology, Vol 99, Yumino D, Tsurumi Y, Takagi A, et al. Impact of obstructive sleep apnea on clinical and angiographic
outcomes following percutaneous coronary intervention in patients with acute coronary syndrome, pages 26-30,16

Copyright 2007, with permission from Elsevier. www.medreviews.com
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monitoring with an atrial defibrilla-
tor showed that the onset of about
75% of episodes of persistent atrial
fibrillation occurred between 8 PM

and 8 AM, which could partially be
explained by the presence of OSA.27

However, whether OSA is an inde-
pendent cause of new-onset atrial
fibrillation remains unknown.

An excess of sudden deaths during
sleep between midnight and 6 AM in
patients with OSA28 suggests that
OSA may trigger lethal nocturnal
ventricular arrhythmias. A random-
ized controlled clinical trial con-
firmed that alleviation of OSA by
CPAP during sleep in patients with
HF significantly reduces ventricular
ectopy during sleep.29 In addition, to
investigate the mechanism of OSA
and ventricular arrhythmias, Gomita
and colleagues30 described a case
study that showed the relationship
between OSA and the nocturnal
profile of a signal-averaged electro-
cardiogram and QT interval. The re-
searchers conducted simultaneous
polysomnographic recording and
continuous high-resolution Holter
monitoring before and after CPAP
treatment. Ventricular arrhythmia
and the nocturnal profile of a signal-
averaged electrocardiogram and QT
interval were improved by CPAP
treatment. OSA not only results in
hypoxia and alteration of the auto-
nomic nervous system as a modifier
and in the generation of premature
ventricular complex as a trigger, but
it may also generate depolarization
and repolarization abnormalities.
OSA with all 3 elements may con-
tribute to the arrhythmogenesis of
ventricular arrhythmias.

Heart Failure
A large, population-based study
identified OSA as an independent
risk factor for HF.2 In addition, OSA
often coexists with HF,7 and CPAP
treatment reduces blood pressure

and improves LV systolic function.31

These observations suggest that OSA
contributes to the pathogenesis of
HF. The coexistence of OSA in pa-
tients with HF exerts unique noctur-
nal adrenergic stresses (repetitive
surges of the sympathetic nervous
system) and mechanical stresses
(increased LV transmural pressure
and LV and right ventricular after-
load) that could result in greater
adaptive LV and right ventricular
remodeling than would occur in pa-
tients without OSA.8 Dogs exposed
to experimental OSA for several
weeks develop nocturnal and diurnal
hypertension, followed by LV hyper-
trophy and then systolic dysfunc-
tion.32 This process mimics the nat-
ural history of hypertension, in
which LV hypertrophy progresses to
HF. HF patients with coexisting OSA
were reported to have a higher preva-
lence of LV hypertrophy than
patients without OSA.33 This remod-
eling was the greatest in the septum;
septal thickness was greater in those
with OSA and correlated with the
AHI. However, the difference in right
heart function and morphology in
HF patients with and without OSA is
still uncertain. In some HF patients,
there is a gradual shift from OSA to
predominantly CSA.34 These obser-
vations suggest that OSA causes
overnight deterioration in LV func-
tion and an increase in LV filling
pressure that lead to hyperventila-
tion and hypocapnia. In contrast, if
some of this fluid accumulates in the
upper airway, the pharynx could nar-
row and become more susceptible to
collapse.8 However, there is as yet no
direct evidence to support this hy-
pothesis. Several cardiovascular re-
sponses to nocturnal CPAP persist into
wakefulness. For example, in OSA
patients, CPAP reduces awake sympa-
thetic activity and oxidative stress,
increases endothelial-derived nitric
oxide, and augments endothelial-

mediated vasodilation.8 In the first
randomized trial in this field of 24
HF patients with OSA (AHI � 20/h),
nightly CPAP for 1 month increased
echocardiographically measured left
ventricular ejection fraction (LVEF)
by 9% (P � .001).31 HF patients with
OSA are often not hypersomnolent,7

and there is no consensus as to
whether these patients require treat-
ment, although CPAP improves
heart function as described above.

Heart Failure and Central
Sleep Apnea
The pathophysiology of CSA in pa-
tients with HF is complex and re-
mains controversial. The primary
stimulation for ventilation during
sleep is PCO2.

35 We propose that nar-
rowing ΔPCO2 (the difference be-
tween the eupneic PCO2 and apnea
threshold PCO2 levels) due to stimu-
lation of pulmonary mechanical re-
ceptors, increased peripheral/central
chemoresponsiveness, and passing
from wakefulness to sleep predis-
poses to the development of CSA.
Several additional factors, such as
metabolic alkalosis, low functional
residual capacity, cerebrovascular
flow reduction, upper airway insta-
bility, and hypoxia, may further con-
tribute to respiratory instability and
continued CSA.35

The main clinical significance of
CSA in HF is, first, whether CSA is as-
sociated with increasing morbidity
and mortality, and, second, the
causal relationship between CSA and
HF. Evidence from univariate and
multivariate analyses showed that
CSA is a marker of poor prognosis in
patients with HF.3 In contrast, CSA
may also be detrimental to the fail-
ing heart. In CSA, each pause in
breathing elicits profound increases
in muscle sympathetic nerve activity
by deactivating pulmonary stretch
receptors and causing hypoxia,
arousal, and hypercapnia, which
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stimulate peripheral and central
chemoreceptors.4 Overnight urinary
norepinephrine concentrations and
daytime plasma norepinephrine con-
centrations are markedly higher in
HF patients with CSA than in those
without, and they are directly related
to the frequency of arousals from
sleep and to the degree of apnea-re-
lated hypoxia, but not to LVEF. These
data suggest that CSA can trigger
sympathetic nerve activity in pa-
tients with HF.4 However, the alter-
native view is that increased sympa-
thetic nerve activity provides
inotropic support in HF. In other
words, CSA may function as an in-
termittent inotropic treatment for
end-stage HF during sleep. A recent
study has shown that the long-term
survival benefit conferred by inter-
mittent inotropy was greater in pa-
tients with nonischemic HF than in
those with ischemic HF.36 Therefore,
CSA may be a form of compensation
for HF when its etiology is taken into
account.

Treatment
Obstructive Sleep Apnea
Obesity is the most important modi-
fiable risk factor for OSA,5 and OSA
may predispose to weight gain and
obesity. Patients with newly diag-
nosed OSA often have a history of
excessive recent weight gain in the
period preceding the diagnosis.37 It is
also known that obese patients with
increased risk of OSA have difficulty
in losing weight without treatment
of OSA. CPAP is recommended for
patients with symptomatic OSA even
if the AHI is in the mild range (5 to
15 episodes per hour), although evi-
dence-based criteria for the efficacy
of CPAP are particularly strong for
patients with 15 or more AHI
episodes per hour.38 Because of its ease
of treatment and proven efficacy,
CPAP is considered first-line therapy
for severe OSA and for OSA with

concomitant cardiovascular disor-
ders. As shown above, CPAP treat-
ment has been shown to modify
nontraditional markers (eg, circulat-
ing inflammatory markers, endothe-
lial function, carotid intima-medial
thickness, and pulse-wave velocity),
improve traditional markers of car-
diac risk (eg, hypertension, insulin
resistance), and reduce the morbidity
and mortality of CVD. However, be-
cause those studies were only a few
months in duration, it was not possi-
ble to determine whether these
effects were long-lasting or whether
they led to improvement in clini-
cally important outcomes, such as
morbidity and mortality. Other ther-
apies, such as oral appliances, sleep
positioning, and uvulopalatopharyn-
goplasty, should be considered when
CPAP is unsuccessful. One study
added a new perspective to pace-
maker implantation in patients with
OSA. Provocative evidence suggests
that modulation of cardiac rhythm
characteristics by atrial overdrive
pacing may attenuate the severity of
both OSA and CSA.39 The mecha-
nisms of any pacing-induced amelio-
ration of sleep apnea and the impli-
cations for future therapeutic
strategies are presently uncertain but
intriguing.

Central Sleep Apnea
A primary objective of the treatment
of CSA is to improve HF. However,
there is still no consensus on whether
CSA should be treated, and, if so,
what the optimum therapy would be.
First, we must consider optimal
pharmacotherapy (eg, angiotensin-
converting enzyme inhibitors and
beta-blockers) and, if necessary, non-
pharmacotherapy (eg, pacemakers,
biventricular pacing, valvuloplasty)
for HF. Several medications have also
demonstrated efficacy in CSA.
Theophylline40 and acetazolamide41

reduced the severity of CSA in short-

term trials but did not yield improve-
ments in LVEF, quality of life, or clin-
ical outcome. A number of studies in-
vestigated the effects of supplemental
oxygen in patients with HF and
CSA.42 Randomized, controlled trials
have shown that short-term (1-week
to 12-week) administration of noc-
turnal supplemental nasal oxygen re-
duced the total duration of CSA and
improved maximum exercise capac-
ity, decreased overnight urinary nor-
epinephrine excretion, and improved
cardiac function and quality of life.
However, oxygen supplementation
was not reported to improve clinical
outcome.

Various forms of nasal positive
pressure ventilation (NPPV) devices,
including CPAP, bilevel positive air-
way pressure, and adaptive servoven-
tilation, have been examined in ran-
domized trials to alleviate CSA in
patients with HF. However, thus far,
only CPAP has been evaluated in
terms of the effects on cardiovascular
outcome. The Canadian Continuous
Positive Airway Pressure for Patients
with Central Sleep Apnea and Heart
Failure (CANPAP) trial (the largest
and longest-term multicenter trial)43

showed that CPAP attenuated CSA
but did not improve survival in pa-
tients with HF, although it improved
nocturnal oxygenation, increased
LVEF, lowered norepinephrine levels,
and increased the 6-minute walk dis-
tance. One stratified analysis exam-
ined the effects of CPAP on LVEF and
transplant-free survival in terms of
the effects on CSA 3 months after
randomization.44 The major findings
were that in the 57% of patients in
whom CPAP reduced the AHI to less
than 15, LVEF and transplant-free
survival improved as compared with
the control group, but it did not im-
prove in the group with no CSA re-
duction. In addition, the group in
whom CPAP suppressed CSA was
younger, had less severe CSA, and
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had slightly fewer central events
than the group in whom CPAP did
not suppress CSA. 

The effects of CPAP mainly involve
treatment of HF, including augmen-
tation of cardiac output and O2 de-
livery, decreased LV afterload by in-
creasing intrathoracic pressure, and
reduced cardiac sympathetic activity.
CPAP also decreases preload by im-
peding venous return and reducing
right ventricular and LV end-dias-
tolic volume. In addition, CPAP may
affect sleep apnea. Because most pa-
tients with CSA have coexisting OSA,
CPAP suppresses the OSA compo-
nent and reduces the severity of
sleep apnea. CPAP has other effects
that could dampen periodic breath-
ing, such as lung inflation and stabi-
lization of the upper airway, which
may be an additional factor sup-
pressing central apneas. The acute re-
sponse of cardiac output to CPAP
therapy in awake patients with HF is
dependent on cardiac preload and
rhythm. In patients with HF and
with high LV filling pressure (� 12
mm Hg), CPAP of 5 to 10 cmH2O
generally augments cardiac output,
but in patients with HF and low LV
filling pressure or atrial fibrillation,42

it generally reduces cardiac output.
Suggested indications for HF patients
who may benefit from CPAP treat-
ment are given in Table 2. 

A problem is that patients with
fewer symptoms have a lower accep-
tance of CPAP.7 Good compliance is
seen when CPAP improves cardiac
function in CSA patients without air-
way obstruction, but the pressure
setting must be appropriate. When
patients were acclimatized to CPAP
during a gradual 2- to 7-day titration
period to higher pressures of 8 to
12.5 cmH2O, the frequency of
central apnea and hypopnea fell by
50% to 67% after 2 to 12 weeks.42

Taking the results together, CPAP
improves cardiovascular function in
patients with HF and CSA, but only
when it is titrated slowly to pressures

of 10 cmH2O and accompanied by
reductions in the AHI.

Two other types of NPPV—bilevel
positive airway pressure and adap-
tive servoventilation—have been
evaluated in patients with HF. How-
ever, the effects on cardiovascular
function were not assessed. These
NPPV treatments for CSA may be
useful in the management of HF.
However, this is a developing med-
ical field, and it remains unclear
which patients may benefit and
which treatments are indicated. 

Future Directions 
and Conclusions
There is ample evidence that sleep
apnea is a novel CVD risk factor. Tar-
geting sleep apnea as primary and/or
secondary prevention of CVD could
lead to a possible breakthrough in
treatment. Treatment of sleep apnea
in tandem with established cardio-
vascular approaches could result in
improvement of this increasingly
common condition, despite its con-
troversy. The link between sleep
apnea and other risk factors for the
development of heart disease should
be clarified. Controversy exists on the
cause-and-effect relationship between
sleep apnea and CVD. It must be de-
termined whether exacerbation of cir-
culating markers (eg, inflammation),
metabolic disease (eg, hypertension,

Table 2
Proposed Indicators for Beneficial
CPAP Treatment in Heart Failure

Patients With CSA

Younger age

Presence of sinus rhythm

Less severe CSA and fewer central
events 

Left ventricular filling pressure not low
(eg, � 12 mm Hg)

CPAP suppressed AHI (eg, � 15/h for 
3 months)

CPAP, continuous positive airway pressure; 
CSA, central sleep apnea; AHI, apnea-hypopnea
index.

Main Points
• Obstructive sleep apnea (OSA) is caused by upper airway collapse during inspiration and is accompanied by strenuous

efforts to breathe. Central sleep apnea (CSA) is characterized by apneas secondary to diminution or cessation of
thoracoabdominal respiratory movement due to decreased central respiratory drive.

• The adverse effects of OSA can promote the development of atherosclerosis and have also been implicated in the
pathogenesis of cardiovascular disease.

• Sleep apnea characterized by variables of the autonomic nervous system may have a direct association with arrhythmia.

• A large, population-based study identified OSA as an independent risk factor for heart failure.

• Continuous positive airway pressure is considered first-line therapy for severe OSA and for OSA with concomitant
cardiovascular disorders. There is no consensus on whether CSA should be treated, and, if so, what the optimum therapy
would be.
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insulin resistance), and CVD (eg,
coronary artery disease, HF) predis-
pose to OSA and/or CSA. We need
to identify subgroups (eg, age, sex,
underlying disease, sleepiness) of
patients with sleep apnea and tar-
get who should receive treatment.
Finally, the sleep and cardiovascu-
lar research community must con-
duct large-scale, randomized trials
that will determine whether treat-
ment of sleep apnea prevents car-
diovascular events. Sleep apnea
could be a risk factor for CVD, but
before it can be added to the list 
of traditional risk factors and be
targeted for therapy, it must be
investigated further.
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