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ABSTRACT: Emerging research highlights the complex interrelationships 
between sleep-disordered breathing and cardiovascular disease, 
presenting clinical and research opportunities as well as challenges. 
Patients presenting to cardiology clinics have a high prevalence of 
obstructive and central sleep apnea associated with Cheyne-Stokes 
respiration. Multiple mechanisms have been identified by which sleep 
disturbances adversely affect cardiovascular structure and function. 
Epidemiological research indicates that obstructive sleep apnea is 
associated with increases in the incidence and progression of coronary 
heart disease, heart failure, stroke, and atrial fibrillation. Central sleep 
apnea associated with Cheyne-Stokes respiration predicts incident heart 
failure and atrial fibrillation; among patients with heart failure, it strongly 
predicts mortality. Thus, a strong literature provides the mechanistic and 
empirical bases for considering obstructive sleep apnea and central sleep 
apnea associated with Cheyne-Stokes respiration as potentially modifiable 
risk factors for cardiovascular disease. Data from small trials provide 
evidence that treatment of obstructive sleep apnea with continuous 
positive airway pressure improves not only patient-reported outcomes 
such as sleepiness, quality of life, and mood but also intermediate 
cardiovascular end points such as blood pressure, cardiac ejection 
fraction, vascular parameters, and arrhythmias. However, data from 
large-scale randomized controlled trials do not currently support a role 
for positive pressure therapies for reducing cardiovascular mortality. The 
results of 2 recent large randomized controlled trials, published in 2015 
and 2016, raise questions about the effectiveness of pressure therapies 
in reducing clinical end points, although 1 trial supported the beneficial 
effect of continuous positive airway pressure on quality of life, mood, 
and work absenteeism. This review provides a contextual framework 
for interpreting the results of recent studies, key clinical messages, and 
suggestions for future sleep and cardiovascular research, which include 
further consideration of individual risk factors, use of existing and new 
multimodality therapies that also address adherence, and implementation 
of trials that are sufficiently powered to target end points and to 
support subgroup analyses. These goals may best be addressed through 
strengthening collaboration among the cardiology, sleep medicine, and 
clinical trial communities.
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Human beings spend about one-third of their 
lives sleeping. Sleep is no longer considered 
a passive and homogeneous state but is un-

derstood to consist of cyclic periods of complex and 
changing brain activity, behavior, and physiology.1 
Over the last decades, dramatic growth in the sleep 
medicine field occurred concurrently with marked ad-
vances in clinical and basic research. Sleep disturbanc-
es, particularly obstructive sleep apnea (OSA), were 
identified to affect or covary with numerous health 
outcomes and physiological processes, particularly 
cardiovascular disease (Figure 1). Blood pressure and 
heart rate normally change across the sleep period, 
and evidence from basic, translational, and clinical re-
search identified adverse cardiovascular responses to 
disturbed sleep, particularly as a result of OSA and its 
associated intermittent hypoxia and sleep fragmenta-
tion.2,3 Notably, repetitive collapse of the upper airway 
and impaired gas exchange with intermittent hypoxia 
was shown to result in sleep disruption. The associ-
ated surges in sympathetic activity were shown to re-
sult in acute blood pressure elevations, release of in-
flammatory mediators, lipolysis, and worsened insulin 
resistance.3 Cardiac remodeling, common in patients 
with OSA, was attributed to exposures to hypoxemia, 
catecholamine excess, blood pressure elevation, and 
intrathoracic pressure swings affecting preload and af-
terload and left atrial and ventricular transmural pres-
sures.

The observational evidence showing that OSA occurs 
commonly in both the general population and patients 
with cardiovascular disease and associates with both 
coronary and cerebrovascular morbidity and mortality4–6 
suggested the possibility of targeting OSA as a novel 
and modifiable cardiovascular risk factor. Recognition 
of the high frequency of other sleep disorders occurring 
in patients with cardiovascular disease such as central 
sleep apnea (CSA)/Cheyne-Stokes respiration (CSR),7 in-
somnia,8 and short sleep duration9 also suggested the 
potential benefits of more broadly considering sleep 

health as fundamental to cardiovascular health,10 en-
couraging consideration of including sleep disturbances 
in the top 10 potentially modifiable cardiovascular risk 
factors.11

Despite the high prevalence of OSA, there is con-
siderable uncertainty about the role for systematic 
screening. Improvement in major cardiovascular end 
points has not been shown in clinical trials, and the 
US Preventive Health Services Task Force12 has recom-
mended against screening asymptomatic patients in 
the general population. On the other hand, patients 
with heart disease may present with less typical symp-
toms of sleep apnea such as fatigue or insomnia rath-
er than sleepiness, and it can therefore be difficult to 
differentiate symptoms of OSA from underlying medi-
cal conditions. Other areas of concern are limitations 
of animal models that may not resemble sleep distur-
bances in humans and the potential for some analy-
ses to be biased by residual confounding, especially 
in terms of the influences of adiposity. However, the 
leading criticism is the limited evidence from rigorous 
and well-powered randomized controlled trials de-
signed to address the impact of treatment on mean-
ingful clinical outcomes, as noted by a recent meta-
analysis.13 Compared with other research areas, the 
use of randomized trials in sleep is in its infancy, re-
flecting both the relatively recent emergence of sleep 
medicine as an academic discipline and the challenges 
in designing and implementing nonpharmacological 
intervention studies. The main aims of this perspec-
tive are to discuss the implications of several recently 
published trials, to contextualize the results, and to 
identify future directions. We highlight studies that 
address the impact of noninvasive ventilation, namely 
continuous positive airway pressure (CPAP) and adap-
tive servo-ventilation (ASV), noting the current paucity 
of data addressing additional treatments (eg, noctur-
nal oxygen supplementation, pharmacological treat-
ments) for the treatment of OSA or CSA-CSR on clini-
cal end points.

Figure 1. Proposed consequences of obstructive sleep apnea (OSA).  
CAD indicates coronary artery disease; CHF, congestive heart failure; QOL, quality of life; and SNS, sympathetic nervous 
system.
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THE IMPACT OF OSA TREATMENT ON 
CARDIOVASCULAR OUTCOMES
Because of the differences in characteristics of patients 
and prognosis, we have divided this section into pri-
mary and secondary cardiovascular prevention through 
OSA treatment.

Primary Cardiovascular Prevention
Although clinicians hypothesized that treatment of 
OSA with CPAP would facilitate weight loss, a recent 
meta-analysis suggests that the converse is true. Spe-
cifically, a meta-analysis reporting on data from >3000 
patients showed that abolishing OSA events per se is 
associated with slight weight gain rather than weight 
loss, regardless of baseline symptoms and treatment 
adherence.14 These new findings underscore the need 
for patients prescribed CPAP to also receive counseling 
or support to address long-term weight management 
needs. Combining weight loss and CPAP may have 
additive cardiovascular benefits, as suggested by the 
results of a randomized trial evaluating the impact of 
CPAP, weight loss, or both.15

As described later, a major recent research focus is 
the evaluation of the influence of CPAP on blood pres-
sure, a key risk factor for cardiovascular disease. More 
than 30 randomized controlled trials examined blood 
pressure responses to CPAP. These studies demonstrat-
ed a modest but significant blood pressure reduction,16 
especially in those with resistant hypertension.17,18 Im-
provements were identified in both daytime and night-
time blood pressure, as well as in nondipping blood 
pressure profiles. Randomized controlled trials have 
also evaluated the impact of OSA treatment on surro-
gate markers of cardiovascular risk such as endothelial 
dysfunction, arterial stiffness, intima-media thickness, 
inflammatory markers, insulin sensitivity, cardiac ejec-
tion fraction, and cardiac ectopy.19–23 The evidence is 
generally consistent with a positive effect of CPAP on 
vascular and metabolic functions and components of 
the atherosclerotic process.

The treatment of OSA may reduce the incidence of 
hypertension, as initially suggested by a small trial that 
showed normalization of blood pressure among pa-
tients with prehypertension or masked hypertension.24 
This important concept was further tested in a large 
multicenter trial in 14 teaching hospitals in Spain.25 In 
this trial, 723 patients with an apnea-hypopnea index 
>20 events per hour (consistent with moderate to se-
vere OSA) and without excessive daytime sleepiness 
(Epworth Sleepiness Scale score of ≤10; score range, 
0–24, with >10 indicating sleepiness) were randomized 
to CPAP (n=357) or to a control group (n=366) and fol-
lowed up for a median duration of 4 years (interquartile 
range, 2.7–4.4 years). Compared with usual care, CPAP 

was not associated with a statistically significant reduc-
tion in the incidence of hypertension or cardiovascular 
events in the intention-to-treat analysis. Analyses strati-
fied by CPAP adherence showed that adherent users 
(defined by CPAP ≥4 hours a night) had a significant re-
duction in the combined end points (incidence density 
ratio, 0.69; 95% confidence interval [CI], 0.50–0.94). 
This finding, however, may be biased by differences in 
the health characteristics of patients who are adherent 
compared with those who are nonadherent.

In summary, our current knowledge of primary pre-
vention of cardiovascular disease with CPAP is limited 
to surrogate end points, combined end points, and ob-
servational data.

Secondary Cardiovascular Prevention
There is consistent evidence from observational studies 
indicating that untreated moderate to severe OSA in 
patients with established coronary disease26–28 or heart 
failure29 associates with increased cardiovascular morbid-
ity and mortality. Given the high prevalence of OSA in 
patients with cardiovascular disease,30 the obvious next 
question is whether OSA treatment prevents new cardio-
vascular events or decreases mortality in these high-risk 
patients. Similar to studies of primary prevention, several 
trials have identified improvement in blood pressure, in-
cluding 24-hour blood pressure profiles, in patients with 
existing cardiovascular disease and OSA. In the Heart-
BEAT study (Heart Biomarker Evaluation in Apnea Treat-
ment), CPAP was compared with supplemental oxygen 
therapy and usual care in patients with cardiovascular 
disease or multiple cardiovascular risk factors, most of 
whom were under the care of cardiologists.31 Compared 
with patients in the usual care group, the CPAP group ex-
perienced a significant 2.4–mm Hg reduction of 24-hour 
mean arterial blood pressure, with larger improvements 
for mean nocturnal blood pressure (by 3.5 mm Hg). This 
level of blood pressure improvement is consistent with a 
significant population-based reduction in stroke.

Fewer studies, however, have directly addressed clini-
cal end points. In one of these studies (RICCADSA [Ran-
domized Intervention With Continuous Positive Airway 
Pressure in Coronary Artery Disease and OSA]),32 non-
sleepy patients with established coronary artery disease 
and moderate or more severe OSA defined by an apnea-
hypopnea index ≥15 events per hour were randomized to 
CPAP (n=122) or usual care (n=122) in a single center. The 
primary end point was the first event of repeat coronary 
revascularization, myocardial infarction, stroke, or cardio-
vascular mortality. Over a median follow-up of 57 months, 
the incidence of the primary end point was 18.1% in the 
CPAP group compared with 22.1% in the control group; 
this difference was not statistically significant (hazard ra-
tio [HR], 0.80; 95% CI, 0.46–1.41). In the per-protocol 
analysis, a large, significant cardiovascular risk reduction 
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was reported in those who used CPAP for ≥4 hours a 
night (HR, 0.29; 95% CI, 0.10–0.86). Although this find-
ing is consistent with a positive effect of CPAP among 
those who use the therapy regularly, the per-protocol 
analysis also is likely biased by generally more positive 
health behaviors in adherent compared with nonadher-
ent patients. It is important to note that the sample size 
of the primary intention-to-treat study was an order of 
magnitude lower than most major cardiovascular trials, 
reducing power to detect effects that are generally con-
sidered sufficient to change clinical practice.

In the much-awaited SAVE trial (Sleep Apnea Car-
diovascular Endpoints),33 a multicenter, parallel-group, 
open-label trial with blinded end-point assessment, 
2717 patients (≈1700 patients from China) with a histo-
ry of coronary artery disease or cerebrovascular disease 
and untreated moderate to severe OSA were randomly 
assigned to receive CPAP plus usual care (n=1346) or 
usual care alone (n=1341). Of note, very sleepy patients 
(Epworth Sleepiness Scale score >15) and patients with 
severe hypoxemia (oxyhemoglobin saturation <80% for 
>10% of sleep study time) were excluded, thus limiting 
the sample to a potentially lower-risk group. The pri-
mary outcome was a composite of death resulting from 
cardiovascular causes, myocardial infarction, stroke, or 
hospitalization for unstable angina, heart failure, or 
transient ischemic attack. In a mean follow-up of 3.7 
years, CPAP use did not reduce the primary end point 
(HR with CPAP, 1.10; 95% CI, 0.91–1.32). The lack of 
an effect on clinical outcomes was observed in multiple 
prespecified subgroup analyses. As observed in previous 
studies, CPAP use resulted in significant beneficial ef-
fects on quality of life, mood, daytime sleepiness, and 
work productivity. To estimate the effect in patients who 
were adherent to CPAP therapy (defined as an average 
of ≥4 hours a night) over the first 2 years, a prespecified 
propensity score–matching strategy was used to com-
pare 561 adherent patients with a comparable group 
of 561 participants from the usual care group. A total 
of 86 primary end points (15.3%) were observed in the 
CPAP group versus 98 (17.5%) in the usual care group 
(HR, 0.80; 95% CI, 0.60–1.07; P=0.13). Individuals who 
were adherent to CPAP therapy had a lower risk of stroke 
than those in the usual care group (HR, 0.56; 95% CI, 
0.32–1.00; P=0.05), as well as a lower risk of a com-
posite (not prespecified) end point of cerebral events 
(HR, 0.52; 95% CI, 0.30–0.90; P=0.02). Although these 
findings were from secondary analyses and not adjusted 
for multiple testing, the larger effect size seen for cere-
brovascular disease is consistent with observational data 
showing that OSA appears to be more strongly linked to 
cerebrovascular than to coronary artery disease.34

 A number of explanations have been proposed to 
help interpret the SAVE findings, including the rela-
tively low treatment adherence levels. The nature of the 
“dose-response” association between CPAP adherence 

and change in cardiovascular disease risk is not well 
established, and it is plausible that low adherence to 
CPAP may have contributed to the null result, particu-
larly if accompanied by nonuse during the early morning 
when rapid eye movement sleep predominates. Rapid 
eye movement–related apneas are typically long and 
are associated with deep oxyhemoglobin desaturations 
and high sympathetic tone; OSA occurring in rapid eye 
movement sleep is specifically associated with incident 
or recent-onset hypertension.35,36 Alternatively, it is pos-
sible that cohort studies overestimated the direct effects 
of OSA on cardiovascular risk as a result of residual con-
founding by unadjusted risks such as from visceral or ec-
topic fat. Visceral obesity is strongly associated with in-
creased cardiovascular risk,37 decreased upper airway size 
caused by increased tongue volume,38 and an increase in 
the severity of OSA.38,39 Finally, OSA treatment may not 
confer significant cardiovascular benefit among patients 
who have existing cardiovascular disease and are under 
guideline-based cardiovascular disease treatment regi-
mens (that include therapies aimed at managing several 
of the intermediate mechanisms implicated in OSA: con-
trol of blood pressure, glucose, and dyslipidemia).

 The finding for a potential benefit in patients who 
are strongly adherent to CPAP therapy, however, un-
derscores the need for future trials that incorporate 
strategies to improve CPAP use or incorporate new or 
additive alternative treatments to OSA. Emerging data 
also suggest that oral appliances (mandibular advance-
ment devices) lead to blood pressure improvements 
comparable to those observed with CPAP, suggesting 
a potential role for this therapy in cardiovascular end 
point studies.40

TREATMENT OF CSA IN PATIENTS 
WITH HEART FAILURE WITH CSA-CSR
CSA-CSR is a distinct disorder characterized by an oscil-
latory pattern of ventilation in which central apneas and 
hypopneas alternate with periods of hyperventilation, 
typically recognized as a waxing and waning pattern 
of breathing.41 CSA occurs in the absence of significant 
upper airway obstruction, commonly reflecting exagger-
ated respiratory chemosensitivity associated with cardiac 
dysfunction and pulmonary congestion.42 CSA-CSR is 
associated with sleep fragmentation and sympathetic 
nervous system activation that could be deleterious to 
the failing heart over the long term. Indeed, previous in-
vestigations suggest that CSA-CSR is a strong indepen-
dent marker of mortality in patients with heart failure.7 
Thus, suppression of CSA is suggested as a physiologi-
cally appropriate target for the treatment of patients 
with heart failure. This treatment can be considered at 
2 levels.42 The first approach is to aggressively treat the 
heart failure, a major contributor to, if not the cause of, 
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CSA-CSR. Optimizing heart failure with guideline-based 
medications, as well as coronary revascularization and 
cardiac resynchronization therapy in selected patients, 
may improve CSA-CSR. However, these approaches 
result in variable and frequently incomplete improve-
ment in CSA-CSR. The second approach is directed at 
improving ventilation. Several strategies have been con-
sidered. Pharmacological respiratory stimulants (such as 
theophylline and acetazolamide) were tested in small 
trials.43–45 Although significant reductions in respiratory 
event frequency and improved oxygenation were ob-
served, concern about adverse effects, including cardiac 
arrhythmias, has limited enthusiasm for these interven-
tions. Nocturnal supplemental oxygen therapy has been 
proposed as a physiologically sound intervention for de-
creasing the severity of CSA-CSR by effects on peripheral 
chemoreceptors (dampening “overshoot” ventilation) 
and countering acute adverse effects of hypoxia on myo-
cardial function.46 However, high levels of oxygen can in-
crease systemic vascular resistance, and trials are needed 
to evaluate the role of this treatment in heart failure and 
CSA-CSR. Recent research identified the phenomenon 
of rostral redistribution of peripheral fluid to the lungs 
and upper airway during sleep.47 These observations led 
to recommendations to consider the use of elastic stock-
ings and exercise for reducing peripheral edema, thus re-
ducing both obstructive and central apneas. This idea is 
supported by a population study reporting that increased 
walking and living in “walkable” neighborhoods associ-
ate with lower levels of sleep apnea,48 although the im-
pact of interventions needs to be rigorously evaluated.

Positive airway pressure therapy for CSA-CSR gained 
interest over the last 2 decades. The seminal study, the 
CANPAP trial (Canadian Continuous Positive Airway 
Pressure for Patients with Central Sleep Apnea and 
Heart Failure),49 randomized 258 stable patients with 
heart failure (mean ejection fraction, 24.5%) and CSA 
to receive CPAP (128 patients) or no CPAP (130 pa-
tients). The mean follow-up was 2 years. As early as 
3 months after randomization, CPAP compared with 
usual care reduced norepinephrine levels and improved 
cardiac ejection fraction and the distance walked in 6 
minutes, with effects occurring in parallel with the at-
tenuation of the CSA events. However, CPAP did not af-
fect survival. Post hoc analysis50 identified that CPAP did 
not fully suppress central events in a significant propor-
tion of patients. Analyses stratified by degree of central 
event suppression identified that the subgroup who 
experienced improvement in central events had both 
a greater increase in left ventricular ejection fraction 
at 3 months and a significantly better transplantation-
free survival than control subjects. Although the bases 
for differential responses to CPAP among patients with 
CSA-CSR are not well understood, the CANPAP find-
ings reinforced the concept that new therapies are nec-
essary for fully suppressing CSA-CSR.

An attractive alternative to CPAP is ASV, described for 
the first time in 2001.51 ASV is a noninvasive ventilator 
therapy that alleviates CSA by delivering servo-controlled 
inspiratory pressure support on top of expiratory posi-
tive airway pressure, thus adjusting pressure support in 
response to breath-by-breath changes in ventilation.52 
Figure 2 summarizes the principle of ASV. Preliminary evi-
dence suggested that ASV is more effective than oxygen, 
CPAP,46 and bilevel positive airway pressure in treating 
CSA-CSR.54 Moreover, ASV was able to improve surro-
gate markers of cardiovascular risk such as sympathetic 
activation,55 NT-proBNP (N-terminal pro–brain natriuretic 
peptide),56 and left ventricular ejection fraction.56,57 These 
promising results stimulated interest in testing the ability 
of ASV to prevent fatal and nonfatal events in patients 
with heart failure and CSA-CSR. The first major multi-
national trial to test this hypothesis, the SERVE-HF trial 
(Adaptive Servo Ventilation in Patients With Heart Fail-
ure),58 enrolled 1325 patients with a left ventricular ejec-
tion fraction of ≤45%, New York Heart Association class 
III or IV heart failure, or New York Heart Association class 
II heart failure with at least 1 heart failure–related hos-
pitalization within the 24 months before randomization 
and stable, guideline-based medical treatment. Patients 
were randomized to usual care plus ASV or usual care 

Figure 2. Adaptive servo-ventilation.  
The air flow tracing depicts a classic crescendo and decre-
scendo pattern of Cheyne-Stokes respiration, followed by 
an ensuing central apnea. The servo-controlled automatic 
adjustment of the inspiratory positive airway pressure (IPAP) 
level is inversely related to the changes in peak flow over 
a moving time window. Specifically, during the crescendo 
pattern of peak flow rates, the IPAP level decreases in order 
to dampen the rise in inspiratory peak flow rate. Conversely, 
during the decrescendo pattern of peak flow rates, the IPAP 
level increases in order to dampen the fall in inspiratory peak 
flow rate. Therefore, the servo system dampens the inher-
ent oscillatory behavior of the patient’s breathing pattern 
and smooths respiration. During a central apnea, however, 
the device backup rate kicks in and ventilates the patient. 
EPAP indicates expiratory positive airway pressure. Modified 
from Antonescu-Turcu and Parthasarathy53 with permission. 
Copyright © 2010, Daedalus Enterprises. 
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alone. The primary end point in the time-to-event analy-
sis was the first event of death resulting from any cause, 
lifesaving cardiovascular intervention (cardiac transplan-
tation, implantation of a ventricular assist device, resusci-
tation after sudden cardiac arrest, or appropriate lifesav-
ing shock), or unplanned hospitalization for worsening 
heart failure. At a mean follow-up of 31 months, no dif-
ferences in the composite end point were observed in 
the 2 groups. However, an unexpected 34% increase in 
all-cause and cardiovascular death occurred in the ASV 
group. The bases for the early and sustained increase in 
cardiovascular mortality seen in the ASV group remain 
to be elucidated. Several commentaries have been pub-
lished.59,60 Suggested explanations include inadequate 
average treatment adherence; negative effects of the 
specific pressure therapy used, particularly in a setting 
of markedly impaired left ventricular function; adverse 
effects associated with potential induction of alkalosis; 
and loss of a postulated beneficial effect of CSR.

Figure 3 summarizes the key points discussed so far, 
highlighting potential scenarios for the role of OSA and 
CSA-CSR in cardiovascular disease.

NONCARDIOVASCULAR OUTCOMES
Patient-reported outcomes and health-related quality of 
life are important components of disease management to 
improve patient well-being and important end points in 
clinical trials. Cardiovascular disease is associated with re-
duced quality of life,61 as is even a mild degree of OSA.62 
There is growing interest in OSA treatment as a means for 
improving quality of life and well-being in patients with 
heart disease. Several randomized clinical trials evaluated 
the impact of CPAP treatment on symptoms, health-relat-
ed quality of life, and mood as secondary outcomes.63–65 
Despite low to modest levels of CPAP adherence, these 
trials showed that, compared with control conditions, 
CPAP resulted in improved physical functioning, vitality, 
and mood, as well as less sleepiness and pain and fewer 
missed workdays.34,66,67 The results of these trials, which 
ranged in duration from 3 months to >3 years,34,67 sup-
port the beneficial effects of CPAP on outcomes of im-
portance to patients, providers, and healthcare systems.

PERSPECTIVES AND NEEDS
The Table summarizes the key messages to our patients, 
challenges, and a proposed research agenda. There is a 
need for continuing high-quality basic and translational 
research to understand the mechanisms by which OSA 
and CSA-CSR contribute to cardiovascular diseases, fur-
ther strengthening collaborations among cardiologists, 
sleep medicine clinicians, and clinical trialists. Improve-
ments in experimental designs using animal models 
may help better inform translational approaches to hu-

man sleep apnea. There is also a need to better under-
stand the variability in responses to treatment, which is 
likely manifold, including differences in baseline char-
acteristics of patients in regard to severity and duration 
of sleep apnea, age, types of cardiovascular diseases, 
and other risk factors, as well as differences in residual 
apneic activity and sleep with treatment.

Data from 2 ongoing randomized clinical trials may 
clarify some unanswered questions. For instance, the 
ISAACC trial68 (Continuous Positive Airway Pressure 
[CPAP] in Patients With Acute Coronary Syndrome and 
Obstructive Sleep Apnea [OSA]; NCT01335087) is a 
multicenter study from Spain developed to evaluate the 
impact of OSA and its treatment on outcomes in 1864 
patients with acute coronary syndrome. The primary 
aim is to determine whether CPAP treatment will re-
duce the rate of composite cardiovascular events in pa-
tients with acute coronary syndrome and co-occurring 
OSA. The ADVENT trial (Effect of Adapto-Servo-Ventila-
tion on Survival and Hospitalizations; NCT01128816)69 
is a multicenter study designed to assess the effects of 
ASV on survival and frequency of hospital admissions 
in patients with heart failure and OSA or CSA-CSR. 
The estimated enrollment is 860 patients. The primary 
composite outcome will be death, first cardiovascular 
hospital admission, or new-onset atrial fibrillation/flut-
ter requiring anticoagulation, but not hospitalization or 
delivery of an appropriate shock from an implanted car-
diac defibrillation not resulting in hospitalization.

Priority Areas for Future Trials
There is a critical need for well-powered and rigorous 
trials that address the impact of OSA treatment on the 
secondary prevention of atrial fibrillation and the pre-
vention and treatment of preserved ejection fraction 
heart failure and stroke. Lessons from earlier trials can 
inform these studies. In particular, new studies may 
benefit from careful identification of subgroups most 
likely to respond to the intervention, larger sample size 
(allowing detection of clinically relevant effects across 
stratum), and incorporation of methods for improving 
treatment adherence over long periods of observation 
such as addition of motivational education to CPAP 
interventions, a strategy that recently was shown to 
significantly improve CPAP adherence in patients with 
OSA and cardiovascular disease.70 It should be empha-
sized that the largest trial of sleep apnea and cardio-
vascular disease (SAVE) is one-tenth the size of many 
primary and secondary multinational cardiovascular dis-
ease trials. The cardiology community has long recog-
nized that the relatively modest rates of clinical events, 
even in high-risk patients, require very large samples 
to detect clinically relevant reductions of event rates 
by 15% to 25%; this scale of investigation has not yet 
been attempted in sleep medicine but clearly is needed. 
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Whether composite outcomes are most appropriate 
should be weighed against data suggesting hetero-
geneity in the strength of associations between sleep 
apnea and different cardiovascular disease outcomes.

Development of Better Diagnostic/
Prognostic Tools, New Treatments, and 
Personalized Medicine for OSA and CSA
The most common diagnostic metric used for char-
acterizing sleep apnea severity, the apnea-hypopnea 
index, does not strongly predict adverse health out-
comes or response to treatment. The apparent varia-
tion in susceptibility to sleepiness, cognitive deficits, 
and cardiovascular disease for any given apnea-hypop-

nea index level suggests a need to develop improved 
measurements of disease and to identify important 
disease-modifying factors. In the beginning of the era 
of precision medicine, biomarkers of cardiovascular risk 
may help to select individuals at greatest risk for sleep 
apnea–related physiological stress and those most likely 
to respond to specific, and possibly alternative, treat-
ments. New measures of sleep apnea pathophysiology 
such as quantitative measures of ventilatory drive or 
airway collapsibility may help to better define patient 
subgroups.

There is a strong need for developing new and effec-
tive treatments for OSA and CSA-CSR, with deliberate 
tailoring of such treatments to the diverse needs and 
pathophysiology of specific subgroups of patients such 

Figure 3. The crossroads of obstructive sleep apnea (OSA) and central sleep apnea associated with Cheyne-Stokes 
respiration (CSA-CSR) on cardiovascular (CV) diseases.  
Consistent evidence provides biological plausibility for supporting OSA as a potential cardiovascular risk factor and the 
detrimental effects of CSA-CSR in patients with heart failure (HF), but recent larger randomized controlled trial (RCT) results 
have not matched expectations (dotted line). All quoted studies (SERVE-HF [Adaptive Servo Ventilation in Patients With Heart 
Failure], RICCADSA [Randomized Intervention With Continuous Positive Airway Pressure in Coronary Artery Disease and OSA], 
and SAVE [Sleep Apnea Cardiovascular Endpoints]) had neutral results on the primary end point. However, in the SERVE-HF 
trial, all-cause mortality and cardiovascular mortality (secondary end points) were significantly higher in the adaptive servo-
ventilation (ASV) group than in the control group. The potential reasons for these results are discussed at the bottom. CPAP 
indicates continuous positive airway pressure; and REM, rapid eye movement.

 by guest on N
ovem

ber 7, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


RCTs in Sleep Apnea and CVDs 
STATE OF THE ART

Circulation. 2017;136:1840–1850. DOI: 10.1161/CIRCULATIONAHA.117.029400� November 7, 2017 1847

as those with underlying cardiovascular disease or heart 
failure or those identified through use of biomarkers 
of susceptibility. Patients with sleep apnea are hetero-
geneous with respect to disease pathogenesis. Physi-
ological studies show that patients with sleep apnea 
have variable combinations of abnormalities in airway 
anatomy, neuromuscular responsiveness, respiratory 
chemosensitivity, and loop gain,71 with each of these 
components potentially responsive to different single 
or combinations of therapeutic interventions. Although 
poor adherence to CPAP is often considered a “failure” 
of the patient to comply with therapy, it is likely that a 
proportion of the poor adherence observed clinically re-

flects the use patterns in patients who experience sub-
optimal responses to a fixed (CPAP) or variable (auto 
positive airway pressure, ASV) pressure treatment and 
require alternative treatments. For example, a small pro-
portion of patients may develop central apneas when 
exposed to positive pressure therapy, a disorder called 
complex sleep apnea. New therapies such as hypoglos-
sal nerve stimulation for the treatment of OSA72 and 
an implantable device that transvenously stimulates the 
phrenic nerve, causing diaphragmatic contraction for 
CSA,73 hold promise as physiologically grounded treat-
ments for selected patients. Older treatments such as 
nocturnal oxygen supplementation also may have a role 

Table.  Take-Home Messages and Proposed Research Agenda

Scenario What Can We Tell Our Patients? Challenges and Future Research Agenda

OSA:  

Primary 
prevention

 
 

CPAP lowers blood pressure and may improve 
insulin sensitivity.

Good adherence to CPAP likely prevents incident 
hypertension and may reduce the occurrence of 
adverse cardiovascular events in patients with 
moderate to severe OSA.

Patients should not expect weight loss with OSA 
treatment.

While sleep apnea is highly prevalent among patients seen in cardiology practices, 
only a small portion of patients are diagnosed, and symptomatic patients may present 
with atypical symptoms. Tools are needed to improve screening.

Hard end points such as mortality require large sample sizes and long periods of 
follow-up. Large pragmatic trials evaluating the end points of hypertension, stroke, 
myocardial infarction, arrhythmias (eg, atrial fibrillation), and preserved and reduced 
ejection fraction heart failure are needed. This will require international collaboration. 

Secondary 
prevention

 
 
 
 
 
 
 

CPAP treatment improves blood pressure, including 
measurements made in the office and overnight 
blood pressure.

In patients with previous coronary or 
cerebrovascular disease, CPAP treatment does not 
improve survival, but adherent patients may have 
a lower risk of stroke. Overall quality of life, mood, 
and work productivity are improved with CPAP 
therapy.

In heart failure, CPAP therapy does not lead to 
longer survival.

Small nonrandomized studies suggest that OSA 
treatment can prevent atrial fibrillation recurrence.
 
 
 

Improved strategies to improve CPAP adherence are needed, and existing strategies 
should be incorporated into studies.

Development of biomarkers to identify individuals likely to respond to treatment or to 
be at increased risk for cardiovascular disease may improve trial power.

It is difficult to estimate the duration of sleep apnea before the initiation of therapy. 
Duration of untreated disease may modify response to treatment. Tools for estimating 
duration of sleep apnea are needed.

For ethical reasons, some trials excluded sleepy patients, limiting our ability to assess 
the impact of OSA treatment on cardiovascular events in these patients.

Women are underrepresented in clinical trials of sleep apnea despite an increase in 
prevalence of sleep apnea after menopause and high rates of heart failure and stroke 
in older women.

Patients with severe hypoxemia are excluded from many trials, limiting inferences for 
patients who may be at the highest risk for cardiovascular complications.

Mild OSA is frequently excluded in randomized trials of cardiovascular end points. 
Most observational data suggest stronger associations between cardiovascular end 
points and moderate to severe OSA compared with mild OSA. However, OSA severity 
can be underappreciated in some patients using routine sleep studies, especially 
home-based sleep apnea testing.

CSA-CSR:

Secondary 
prevention

Among patients with heart failure and CSA-CSR, 
CPAP therapy does not improve survival. Those 
using CPAP should be closely monitored by their 
doctors, who should determine the effectiveness 
and appropriateness of continued use of CPAP.

In the SERVE-HF trial, all-cause mortality and 
cardiovascular mortality were increased in the 
group who received adaptive servo-ventilation 
(ASV) group. ASV should not be initiated in 
patients with ejection fraction <45% and 
predominant central sleep apnea until other studies 
clarify whether these results are a consequence of 
the specific device that was used.
 
 

Many patients with CSA have a variable proportion of events that are obstructive 
and it can be hard to accurately distinguish between obstructive and central event 
subtypes. Prognosis and variations in treatment response may reflect differences in 
the pathophysiology of these events, which are not well characterized.

Large clinical trials of new (neurostimulator) and old (oxygen) treatments are needed.

Further elucidation of bidirectional and interacting pathways between heart failure 
and sleep apnea is needed. There is a need to understand whether CSA-CSR itself 
is an adaptive or harmful condition in heart failure and whether long-term use of 
pressure-based devices (CPAP or ASV) adversely affects cardiac function in patients 
with heart failure. Future studies are needed that include stringent safety features and 
test low or physiological optimized pressure levels.

Future enhancements in therapies such as customized nasal masks, behavioral 
support to optimize ASV adherence, and strategies for optimizing retention and 
minimizing crossover rates are needed.

ASV indicates adaptive servo-ventilation; CPAP, continuous positive airway pressure; CSA, central sleep apnea; CSR, Cheyne-Stokes respiration; OSA, obstructive 
sleep apnea; and SERVE-HF, Adaptive Servo Ventilation in Patients With Heart Failure. 
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in treating selected patients such as those with aug-
mented loop gain and CSA, although they need to be 
rigorously evaluated with randomized controlled trials. 
Finally, a “stepped” approach to treatment that consid-
ers the many comorbidities of patients with heart dis-
ease and integrates behavioral, pharmacological, and 
device-based treatments provides a future paradigm for 
providing the patient with both sleep apnea and car-
diovascular disease an individually optimized treatment.

Creating Partnerships and Cross-
Fertilization
There is increasing interest in developing integrated 
models of care among specialists and between spe-
cialists and primary care practitioners. There are fertile 
opportunities for sleep medicine and cardiology to de-
velop comanagement practices given the high coaggre-
gation of sleep-disordered breathing and cardiovascular 
disease and the potential for bidirectional associations. 
Similar synergies are possible in advancing a research 
agenda to generate better evidence to guide treatment 
of sleep-disordered breathing. The practice of cardio-
vascular medicine has benefited from large, rigorous, 
multinational randomized controlled trials that evalu-
ated a wide range of behavioral, pharmacological, and 
device-based interventions. With a growing set of avail-
able interventions for treating sleep apnea, the sleep 
medicine field is poised to partner with the cardiology 
community.

SOURCES OF FUNDING
Dr Drager is supported by a research fellowship grant 
(2012/02953-2) from Fundação de Amparo à Pesquisa do 
Estado de São Paulo and Conselho Nacional de Desenvolvi-
mento Científico e Tecnológico. Dr Lorenzi-Filho is supported 
by Conselho Nacional de Desenvolvimento Científico e Tec-
nológico. Dr Redline is supported by a research grant from the 
National Institutes of Health (1R35HL135818).

DISCLOSURES
Dr Drager reports receiving equipment from Philips Respiron-
ics for performing investigator-initiated studies. Dr McEvoy 
reports receiving research grants from Philips Respironics, 
Fisher & Paykel, and the National Health and Medical Re-
search Council of Australia; research equipment grants from 
ResMed, Somnomed, and Airliquide; and speaker fees from 
Philips Respironics. Dr Ferran reports receiving research grants 
from ResMed and the Instituto de Salud Carlos III to study 
the impact of OSA in patients with resistant hypertension. Dr 
Lorenzi-Filho reports no conflicts. Dr Redline reports receiv-
ing research grant support from Jazz Pharma and Beckman 
Coulter.

AFFILIATIONS
From Hypertension Unit (L.F.D.) and Sleep Laboratory, 
Pulmonary Division (G.L.-F.), Instituto do Coracao, and 
Hypertension Unit, Renal Division (L.F.D.), University of São 
Paulo Medical School, Brazil; Adelaide Institute for Sleep 
Health, College of Medicine and Public Health, and School of 
Medicine, Faculty of Medicine, Nursing, and Health Sciences, 
Flinders University, Australia (R.D.M.); Sleep Health Service, 
Respiratory and Sleep Services, Southern Adelaide Local 
Health Network, Australia (R.D.M.); Respiratory Department, 
Institut de Recerca Biomèdica de Lleida, Lleida and Centro 
de Investigacion Biomedica en Red de Enfermedades 
Respiratorias, Madrid, Spain (F.B.); and Division of Sleep and 
Circadian Disorders, Brigham and Women’s Hospital and 
Harvard Medical School, Boston, MA (S.R.).

FOOTNOTES
Circulation is available at http://circ.ahajournals.org.

REFERENCES
	 1.	 Pelayo R, Dement WC. History of sleep physiology and medicine. In: 

Kryger MH, Roth T, Dement WC, eds. Principles and Practice of Sleep 
Medicine. 6th ed. New York: Elsevier; 2017:3–14.

	 2.	 Sánchez-de-la-Torre M, Campos-Rodriguez F, Barbé F. Obstructive sleep 
apnoea and cardiovascular disease. Lancet Respir Med. 2013;1:61–72.

	 3.	 Drager LF, Polotsky VY, O’Donnell CP, Cravo SL, Lorenzi-Filho G, Mach-
ado BH. Translational approaches to understanding metabolic dysfunc-
tion and cardiovascular consequences of obstructive sleep apnea. Am J 
Physiol Heart Circ Physiol. 2015;309:H1101–H1111. doi: 10.1152/ajp-
heart.00094.2015.

	 4.	 Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardiovascu-
lar outcomes in men with obstructive sleep apnoea-hypopnoea with 
or without treatment with continuous positive airway pressure: an ob-
servational study. Lancet. 2005;365:1046–1053. doi: 10.1016/S0140-
6736(05)71141-7.

	 5.	 Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohsenin V. 
Obstructive sleep apnea as a risk factor for stroke and death. N Engl J 
Med. 2005;353:2034–2041. doi: 10.1056/NEJMoa043104.

	 6.	 Loke YK, Brown JW, Kwok CS, Niruban A, Myint PK. Association of 
obstructive sleep apnea with risk of serious cardiovascular events: a 
systematic review and meta-analysis. Circ Cardiovasc Qual Outcomes. 
2012;5:720–728. doi: 10.1161/CIRCOUTCOMES.111.964783.

	 7.	 Lanfranchi PA, Braghiroli A, Bosimini E, Mazzuero G, Colombo R, Donner 
CF, Giannuzzi P. Prognostic value of nocturnal Cheyne-Stokes respiration 
in chronic heart failure. Circulation. 1999;99:1435–1440.

	 8.	 Laugsand LE, Vatten LJ, Platou C, Janszky I. Insomnia and the risk of acute 
myocardial infarction: a population study. Circulation. 2011;124:2073–
2081. doi: 10.1161/CIRCULATIONAHA.111.025858.

	 9.	 Cappuccio FP, Cooper D, D’Elia L, Strazzullo P, Miller MA. Sleep duration 
predicts cardiovascular outcomes: a systematic review and meta-analysis 
of prospective studies. Eur Heart J. 2011;32:1484–1492. doi: 10.1093/
eurheartj/ehr007.

	10.	 Somers VK. Sleep: a new cardiovascular frontier. N Engl J Med. 
2005;353:2070–2073. doi: 10.1056/NEJMe058229.

	11.	 Redline S, Foody J. Sleep disturbances: time to join the top 10 potentially 
modifiable cardiovascular risk factors? Circulation. 2011;124:2049–2051. 
doi: 10.1161/CIRCULATIONAHA.111.062190.

	12.	 Jonas DE, Amick HR, Feltner C, Weber RP, Arvanitis M, Stine A, Lux L, 
Harris RP. Screening for obstructive sleep apnea in adults: evidence report 
and systematic review for the US Preventive Services Task Force. JAMA. 
2017;317:415–433. Erratum in: JAMA. 2017;317:1278.

	13.	 Yu J, Zhou Z, McEvoy RD, Anderson CS, Rodgers A, Perkovic V, Neal B. As-
sociation of positive airway pressure with cardiovascular events and death 
in adults with sleep apnea: a systematic review and meta-analysis. JAMA. 
2017;318:156–166. doi: 10.1001/jama.2017.7967.

 by guest on N
ovem

ber 7, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


RCTs in Sleep Apnea and CVDs 
STATE OF THE ART

Circulation. 2017;136:1840–1850. DOI: 10.1161/CIRCULATIONAHA.117.029400� November 7, 2017 1849

	14.	 Drager LF, Brunoni AR, Jenner R, Lorenzi-Filho G, Benseñor IM, Lotufo 
PA. Effects of CPAP on body weight in patients with obstructive sleep 
apnoea: a meta-analysis of randomised trials. Thorax. 2015;70:258–264. 
doi: 10.1136/thoraxjnl-2014-205361.

	15.	 Chirinos JA, Gurubhagavatula I, Teff K, Rader DJ, Wadden TA, Townsend 
R, Foster GD, Maislin G, Saif H, Broderick P, Chittams J, Hanlon AL, Pack 
AI. CPAP, weight loss, or both for obstructive sleep apnea. N Engl J Med. 
2014;370:2265–2275. doi: 10.1056/NEJMoa1306187.

	16.	 Bazzano LA, Khan Z, Reynolds K, He J. Effect of nocturnal nasal con-
tinuous positive airway pressure on blood pressure in obstructive sleep 
apnea. Hypertension. 2007;50:417–423. doi: 10.1161/HYPERTENSIO-
NAHA.106.085175.

	17.	 Liu L, Cao Q, Guo Z, Dai Q. Continuous positive airway pressure in pa-
tients with obstructive sleep apnea and resistant hypertension: a meta-
analysis of randomized controlled trials. J Clin Hypertens (Greenwich). 
2016;18:153–158. doi: 10.1111/jch.12639.

	18.	 Fatureto-Borges F, Lorenzi-Filho G, Drager LF. Effectiveness of continuous 
positive airway pressure in lowering blood pressure in patients with ob-
structive sleep apnea: a critical review of the literature. Integr Blood Press 
Control. 2016;9:43–47. doi: 10.2147/IBPC.S70402.

	19.	 Schwarz EI, Puhan MA, Schlatzer C, Stradling JR, Kohler M. Effect of CPAP 
therapy on endothelial function in obstructive sleep apnoea: a systematic 
review and meta-analysis. Respirology. 2015;20:889–895. doi: 10.1111/
resp.12573.

	20.	 Vlachantoni IT, Dikaiakou E, Antonopoulos CN, Stefanadis C, Daskalopou-
lou SS, Petridou ET. Effects of continuous positive airway pressure (CPAP) 
treatment for obstructive sleep apnea in arterial stiffness: a meta-analysis. 
Sleep Med Rev. 2013;17:19–28. doi: 10.1016/j.smrv.2012.01.002.

	21.	 Drager LF, Bortolotto LA, Figueiredo AC, Krieger EM, Lorenzi GF. Effects 
of continuous positive airway pressure on early signs of atherosclerosis in 
obstructive sleep apnea. Am J Respir Crit Care Med. 2007;176:706–712. 
doi: 10.1164/rccm.200703-500OC.

	22.	 Wang J, Yu W, Gao M, Zhang F, Gu C, Yu Y, Wei Y. Impact of obstructive 
sleep apnea syndrome on endothelial function, arterial stiffening, and se-
rum inflammatory markers: an updated meta-analysis and metaregression 
of 18 studies. J Am Heart Assoc. 2015;4:e002454.

	23.	 Javaheri S, Barbe F, Campos-Rodriguez F, Dempsey JA, Khayat R, Javaheri 
S, Malhotra A, Martinez-Garcia MA, Mehra R, Pack AI, Polotsky VY, Red-
line S, Somers VK. Sleep apnea: types, mechanisms, and clinical cardiovas-
cular consequences. J Am Coll Cardiol. 2017;69:841–858. doi: 10.1016/j.
jacc.2016.11.069.

	24.	 Drager LF, Pedrosa RP, Diniz PM, Diegues-Silva L, Marcondes B, Couto RB, 
Giorgi DM, Krieger EM, Lorenzi-Filho G. The effects of continuous posi-
tive airway pressure on prehypertension and masked hypertension in men 
with severe obstructive sleep apnea. Hypertension. 2011;57:549–555. 
doi: 10.1161/HYPERTENSIONAHA.110.165969.

	25.	 Barbé F, Durán-Cantolla J, Sánchez-de-la-Torre M, Martínez-Alonso M, 
Carmona C, Barceló A, Chiner E, Masa JF, Gonzalez M, Marín JM, Garcia-
Rio F, Diaz de Atauri J, Terán J, Mayos M, de la Peña M, Monasterio C, del 
Campo F, Montserrat JM; Spanish Sleep and Breathing Network. Effect 
of continuous positive airway pressure on the incidence of hypertension 
and cardiovascular events in nonsleepy patients with obstructive sleep 
apnea: a randomized controlled trial. JAMA. 2012;307:2161–2168. doi: 
10.1001/jama.2012.4366.

	26.	 Valham F, Mooe T, Rabben T, Stenlund H, Wiklund U, Franklin KA. In-
creased risk of stroke in patients with coronary artery disease and 
sleep apnea: a 10-year follow-up. Circulation. 2008;118:955–960. doi: 
10.1161/CIRCULATIONAHA.108.783290.

	27.	 Lee CH, Sethi R, Li R, Ho HH, Hein T, Jim MH, Loo G, Koo CY, Gao 
XF, Chandra S, Yang XX, Furlan SF, Ge Z, Mundhekar A, Zhang WW, 
Uchôa CH, Kharwar RB, Chan PF, Chen SL, Chan MY, Richards AM, 
Tan HC, Ong TH, Roldan G, Tai BC, Drager LF, Zhang JJ. Obstructive 
sleep apnea and cardiovascular events after percutaneous coronary in-
tervention. Circulation. 2016;133:2008–2017. doi: 10.1161/CIRCULA-
TIONAHA.115.019392.

	28.	 Uchôa CHG, Danzi-Soares NJ, Nunes FS, de Souza AAL, Nerbass FB, Pedro-
sa RP, César LAM, Lorenzi-Filho G, Drager LF. Impact of OSA on cardiovas-
cular events after coronary artery bypass surgery. Chest. 2015;147:1352–
1360. doi: 10.1378/chest.14-2152.

	29.	 Wang H, Parker JD, Newton GE, Floras JS, Mak S, Chiu KL, Ruttanaump-
awan P, Tomlinson G, Bradley TD. Influence of obstructive sleep apnea on 
mortality in patients with heart failure. J Am Coll Cardiol. 2007;49:1625–
1631. doi: 10.1016/j.jacc.2006.12.046.

	30.	 Costa LE, Uchôa CH, Harmon RR, Bortolotto LA, Lorenzi-Filho G, Drager 
LF. Potential underdiagnosis of obstructive sleep apnoea in the cardiol-
ogy outpatient setting. Heart. 2015;101:1288–1292. doi: 10.1136/
heartjnl-2014-307276.

	31.	 Gottlieb DJ, Punjabi NM, Mehra R, Patel SR, Quan SF, Babineau DC, Tracy 
RP, Rueschman M, Blumenthal RS, Lewis EF, Bhatt DL, Redline S. CPAP 
versus oxygen in obstructive sleep apnea. N Engl J Med. 2014;370:2276–
2285. doi: 10.1056/NEJMoa1306766.

	32.	 Peker Y, Glantz H, Eulenburg C, Wegscheider K, Herlitz J, Thunström E. 
Effect of positive airway pressure on cardiovascular outcomes in coro-
nary artery disease patients with nonsleepy obstructive sleep apnea; 
the RICCADSA randomized controlled trial. Am J Respir Crit Care Med. 
2016;194:613–620. doi: 10.1164/rccm.201601-0088OC.

	33.	 McEvoy RD, Antic NA, Heeley E, Luo Y, Ou Q, Zhang X, Mediano O, Chen 
R, Drager LF, Liu Z, Chen G, Du B, McArdle N, Mukherjee S, Tripathi M, 
Billot L, Li Q, Lorenzi-Filho G, Barbe F, Redline S, Wang J, Arima H, Neal 
B, White DP, Grunstein RR, Zhong N, Anderson CS; SAVE Investigators 
and Coordinators. CPAP for prevention of cardiovascular events in ob-
structive sleep apnea. N Engl J Med. 2016;375:919–931. doi: 10.1056/
NEJMoa1606599.

	34.	 Redline S, Yenokyan G, Gottlieb DJ, Shahar E, O’Connor GT, Resnick HE, 
Diener-West M, Sanders MH, Wolf PA, Geraghty EM, Ali T, Lebowitz M, 
Punjabi NM. Obstructive sleep apnea-hypopnea and incident stroke: the 
Sleep Heart Health Study. Am J Respir Crit Care Med. 2010;182:269–277. 
doi: 10.1164/rccm.200911-1746OC.

	35.	 Mokhlesi B, Finn LA, Hagen EW, Young T, Hla KM, Van Cauter E, Peppard 
PE. Obstructive sleep apnea during REM sleep and hypertension: results of 
the Wisconsin Sleep Cohort. Am J Respir Crit Care Med. 2014;190:1158–
1167. doi: 10.1164/rccm.201406-1136OC.

	36.	 Appleton SL, Vakulin A, Martin SA, Lang CJ, Wittert GA, Taylor AW, 
McEvoy RD, Antic NA, Catcheside PG, Adams RJ. Hypertension is associ-
ated with undiagnosed OSA during rapid eye movement sleep. Chest. 
2016;150:495–505. doi: 10.1016/j.chest.2016.03.010.

	37.	 Després JP. Body fat distribution and risk of cardiovascular disease: an 
update. Circulation. 2012;126:1301–1313. doi: 10.1161/CIRCULA-
TIONAHA.111.067264.

	38.	 Kim AM, Keenan BT, Jackson N, Chan EL, Staley B, Poptani H, Torigian DA, 
Pack AI, Schwab RJ. Tongue fat and its relationship to obstructive sleep 
apnea. Sleep. 2014;37:1639–1648. doi: 10.5665/sleep.4072.

	39.	 Kritikou I, Basta M, Tappouni R, Pejovic S, Fernandez-Mendoza J, Nazir R, 
Shaffer ML, Liao D, Bixler EO, Chrousos GP, Vgontzas AN. Sleep apnoea 
and visceral adiposity in middle-aged male and female subjects. Eur Respir 
J. 2013;41:601–609. doi: 10.1183/09031936.00183411.

	40.	 Bratton DJ, Gaisl T, Wons AM, Kohler M. CPAP vs mandibular advance-
ment devices and blood pressure in patients with obstructive sleep apnea: 
a systematic review and meta-analysis. JAMA. 2015;314:2280–2293. doi: 
10.1001/jama.2015.16303.

	41.	 Bradley TD, Floras JS. Sleep apnea and heart failure, part II: central 
sleep apnea. Circulation. 2003;107:1822–1826. doi: 10.1161/01.
CIR.0000061758.05044.64.

	42.	 Naughton MT, Kee K. Sleep apnoea in heart failure: to treat or not to 
treat? Respirology. 2017;22:217–229. doi: 10.1111/resp.12964.

	43.	 Javaheri S, Parker TJ, Wexler L, Liming JD, Lindower P, Roselle GA. Effect of 
theophylline on sleep-disordered breathing in heart failure. N Engl J Med. 
1996;335:562–567. doi: 10.1056/NEJM199608223350805.

	44.	 Javaheri S. Acetazolamide improves central sleep apnea in heart fail-
ure: a double-blind, prospective study. Am J Respir Crit Care Med. 
2006;173:234–237. doi: 10.1164/rccm.200507-1035OC.

	45.	 Fontana M, Emdin M, Giannoni A, Iudice G, Baruah R, Passino C. Ef-
fect of acetazolamide on chemosensitivity, Cheyne-Stokes respiration, 
and response to effort in patients with heart failure. Am J Cardiol. 
2011;107:1675–1680. doi: 10.1016/j.amjcard.2011.01.060.

	46.	 Bordier P. Sleep apnoea in patients with heart failure, part II: therapy. Arch 
Cardiovasc Dis. 2009;102:711–720. doi: 10.1016/j.acvd.2009.06.005.

	47.	 White LH, Bradley TD. Role of nocturnal rostral fluid shift in the pathogen-
esis of obstructive and central sleep apnoea. J Physiol. 2013;591:1179–
1193. doi: 10.1113/jphysiol.2012.245159.

	48.	 Billings ME, Johnson DA, Simonelli G, Moore K, Patel SR, Diez Roux AV, 
Redline S. Neighborhood walking environment and activity level are as-
sociated with OSA: the Multi-Ethnic Study of Atherosclerosis. Chest. 
2016;150:1042–1049. doi: 10.1016/j.chest.2016.06.012.

	49.	 Bradley TD, Logan AG, Kimoff RJ, Sériès F, Morrison D, Ferguson K, Belen-
kie I, Pfeifer M, Fleetham J, Hanly P, Smilovitch M, Tomlinson G, Floras 
JS; CANPAP Investigators. Continuous positive airway pressure for central 

 by guest on N
ovem

ber 7, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


Drager et al

November 7, 2017� Circulation. 2017;136:1840–1850. DOI: 10.1161/CIRCULATIONAHA.117.0294001850

sleep apnea and heart failure. N Engl J Med. 2005;353:2025–2033. doi: 
10.1056/NEJMoa051001.

	50.	 Arzt M, Floras JS, Logan AG, Kimoff RJ, Series F, Morrison D, Ferguson 
K, Belenkie I, Pfeifer M, Fleetham J, Hanly P, Smilovitch M, Ryan C, Tom-
linson G, Bradley TD; CANPAP Investigators. Suppression of central sleep 
apnea by continuous positive airway pressure and transplant-free survival 
in heart failure: a post hoc analysis of the Canadian Continuous Positive 
Airway Pressure for Patients With Central Sleep Apnea and Heart Failure 
Trial (CANPAP). Circulation. 2007;115:3173–3180. doi: 10.1161/CIRCU-
LATIONAHA.106.683482.

	51.	 Teschler H, Döhring J, Wang YM, Berthon-Jones M. Adaptive pressure 
support servo-ventilation: a novel treatment for Cheyne-Stokes respira-
tion in heart failure. Am J Respir Crit Care Med. 2001;164:614–619. doi: 
10.1164/ajrccm.164.4.9908114.

	52.	 Javaheri S, Brown LK, Randerath WJ. Positive airway pressure therapy 
with adaptive servoventilation, part 1: operational algorithms. Chest. 
2014;146:514–523. doi: 10.1378/chest.13-1776.

	53.	 Antonescu-Turcu A, Parthasarathy S. CPAP and bilevel PAP therapy: new 
and established roles. Respir Care. 2010;55:1216–1229.

	54.	 Arzt M, Wensel R, Montalvan S, Schichtl T, Schroll S, Budweiser S, Blum-
berg FC, Riegger GA, Pfeifer M. Effects of dynamic bilevel positive airway 
pressure support on central sleep apnea in men with heart failure. Chest. 
2008;134:61–66. doi: 10.1378/chest.07-1620.

	55.	 D’Elia E, Vanoli E, La Rovere MT, Fanfulla F, Maggioni A, Casali V, Damiano 
S, Specchia G, Mortara A. Adaptive servo ventilation reduces central sleep 
apnea in chronic heart failure patients: beneficial effects on autonomic 
modulation of heart rate. J Cardiovasc Med (Hagerstown). 2013;14:296–
300. doi: 10.2459/JCM.0b013e32835364b2.

	56.	 Oldenburg O, Schmidt A, Lamp B, Bitter T, Muntean BG, Langer C, Horst-
kotte D. Adaptive servoventilation improves cardiac function in patients 
with chronic heart failure and Cheyne-Stokes respiration. Eur J Heart Fail. 
2008;10:581–586. doi: 10.1016/j.ejheart.2008.04.007.

	57.	 Hastings PC, Vazir A, Meadows GE, Dayer M, Poole-Wilson PA, McIntyre 
HF, Morrell MJ, Cowie MR, Simonds AK. Adaptive servo-ventilation in 
heart failure patients with sleep apnea: a real world study. Int J Cardiol. 
2010;139:17–24. doi: 10.1016/j.ijcard.2008.08.022.

	58.	 Cowie MR, Woehrle H, Wegscheider K, Angermann C, d’Ortho MP, Erd-
mann E, Levy P, Simonds AK, Somers VK, Zannad F, Teschler H. Adaptive 
servo-ventilation for central sleep apnea in systolic heart failure. N Engl J 
Med. 2015;373:1095–1105. doi: 10.1056/NEJMoa1506459.

	59.	 Javaheri S, Brown LK, Randerath W, Khayat R. SERVE-HF: more ques-
tions than answers. Chest. 2016;149:900–904. doi: 10.1016/j.
chest.2015.12.021.

	60.	 Bradley TD, Floras JS; ADVENT-HF Investigators. The SERVE-HF trial. Can 
Respir J. 2015;22:313. doi: 10.1155/2015/751615.

	61.	 Li C, Ford ES, Mokdad AH, Balluz LS, Brown DW, Giles WH. Clustering 
of cardiovascular disease risk factors and health-related quality of life 
among US adults. Value Health. 2008;11:689–699. doi: 10.1111/j.1524-
4733.2007.00307.x.

	62.	 Moyer CA, Sonnad SS, Garetz SL, Helman JI, Chervin RD. Quality of life in 
obstructive sleep apnea: a systematic review of the literature. Sleep Med. 
2001;2:477–491.

	63.	 McMillan A, Bratton DJ, Faria R, Laskawiec-Szkonter M, Griffin S, Davies RJ, 
Nunn AJ, Stradling JR, Riha RL, Morrell MJ; PREDICT Investigators. Continu-
ous positive airway pressure in older people with obstructive sleep apnoea 
syndrome (PREDICT): a 12-month, multicentre, randomised trial. Lancet 
Respir Med. 2014;2:804–812. doi: 10.1016/S2213-2600(14)70172-9.

	64.	 Campos-Rodriguez F, Queipo-Corona C, Carmona-Bernal C, Jurado-Ga-
mez B, Cordero-Guevara J, Reyes-Nuñez N, Troncoso-Acevedo F, Abad-
Fernandez A, Teran-Santos J, Caballero-Rodriguez J, Martin-Romero M, 
Encabo-Motiño A, Sacristan-Bou L, Navarro-Esteva J, Somoza-Gonzalez 
M, Masa JF, Sanchez-Quiroga MA, Jara-Chinarro B, Orosa-Bertol B, Marti-
nez-Garcia MA; Spanish Sleep Network. Continuous positive airway pres-
sure improves quality of life in women with obstructive sleep apnea: a 
randomized controlled trial. Am J Respir Crit Care Med. 2016;194:1286–
1294. doi: 10.1164/rccm.201602-0265OC.

	65.	 Engleman HM, Cheshire KE, Deary IJ, Douglas NJ. Daytime sleepiness, cog-
nitive performance and mood after continuous positive airway pressure for 
the sleep apnoea/hypopnoea syndrome. Thorax. 1993;48:911–914.

	66.	 Zhao YY, Wang R, Gleason KJ, Lewis EF, Quan SF, Toth CM, Morrical M, 
Rueschman M, Weng J, Ware JH, Mittleman MA, Redline S; BestAIR In-
vestigators. Effect of continuous positive airway pressure treatment on 
health-related quality of life and sleepiness in high cardiovascular risk indi-
viduals with sleep apnea: Best Apnea Interventions for Research (BestAIR) 
Trial. Sleep. 2017;40:zsx040. doi: 10.1093/sleep/zsx040.

	67.	 Lewis EF, Wang R, Punjabi N, Gottlieb DJ, Quan SF, Bhatt DL, Patel SR, 
Mehra R, Blumenthal RS, Weng J, Rueschman M, Redline S. Impact of 
continuous positive airway pressure and oxygen on health status in pa-
tients with coronary heart disease, cardiovascular risk factors, and ob-
structive sleep apnea: a Heart Biomarker Evaluation in Apnea Treatment 
(HEARTBEAT) analysis. Am Heart J. 2017;189:59–67. doi: 10.1016/j.
ahj.2017.03.001.

	68.	 Esquinas C, Sánchez-de-la Torre M, Aldomá A, Florés M, Martínez M, Bar-
celó A, Barbé F; Spanish Sleep Network. Rationale and methodology of 
the impact of continuous positive airway pressure on patients with ACS 
and nonsleepy OSA: the ISAACC trial. Clin Cardiol. 2013;36:495–501. 
doi: 10.1002/clc.22166.

	69.	 Lyons OD, Floras JS, Logan AG, Beanlands R, Cantolla JD, Fitzpatrick M, 
Fleetham J, John Kimoff R, Leung RS, Lorenzi Filho G, Mayer P, Mielnic-
zuk L, Morrison DL, Ryan CM, Series F, Tomlinson GA, Woo A, Arzt M, 
Parthasarathy S, Redolfi S, Kasai T, Parati G, Delgado DH, Bradley TD; 
ADVENT-HF Investigators. Design of the effect of adaptive servo-ventila-
tion on survival and cardiovascular hospital admissions in patients with 
heart failure and sleep apnoea: the ADVENT-HF trial. Eur J Heart Fail. 
2017;19:579–587. doi: 10.1002/ejhf.790.

	70.	 Bakker JP, Wang R, Weng J, Aloia MS, Toth C, Morrical MG, Gleason 
KJ, Rueschman M, Dorsey C, Patel SR, Ware JH, Mittleman MA, Red-
line S. Motivational enhancement for increasing adherence to CPAP: a 
randomized controlled trial. Chest. 2016;150:337–345. doi: 10.1016/j.
chest.2016.03.019.

	71.	 Eckert DJ, White DP, Jordan AS, Malhotra A, Wellman A. Defining pheno-
typic causes of obstructive sleep apnea: identification of novel therapeutic 
targets. Am J Respir Crit Care Med. 2013;188:996–1004. doi: 10.1164/
rccm.201303-0448OC.

	72.	 Strollo PJ Jr, Soose RJ, Maurer JT, de Vries N, Cornelius J, Froymovich O, 
Hanson RD, Padhya TA, Steward DL, Gillespie MB, Woodson BT, Van de 
Heyning PH, Goetting MG, Vanderveken OM, Feldman N, Knaack L, Strohl 
KP; STAR Trial Group. Upper-airway stimulation for obstructive sleep ap-
nea. N Engl J Med. 2014;370:139–149. doi: 10.1056/NEJMoa1308659.

	73.	 Costanzo MR, Ponikowski P, Javaheri S, Augostini R, Goldberg L, Holcomb 
R, Kao A, Khayat RN, Oldenburg O, Stellbrink C, Abraham WT; Remedé 
System Pivotal Trial Study Group. Transvenous neurostimulation for central 
sleep apnoea: a randomised controlled trial. Lancet. 2016;388:974–982. 
doi: 10.1016/S0140-6736(16)30961-8.

 by guest on N
ovem

ber 7, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


Cardiovascular Trialists)
On behalf of the INCOSACT Initiative (International Collaboration of Sleep Apnea

Luciano F. Drager, R. Doug McEvoy, Ferran Barbe, Geraldo Lorenzi-Filho and Susan Redline
Science

Sleep Apnea and Cardiovascular Disease: Lessons From Recent Trials and Need for Team

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 2017 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
doi: 10.1161/CIRCULATIONAHA.117.029400

2017;136:1840-1850Circulation. 

 http://circ.ahajournals.org/content/136/19/1840
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer this process is available in the

click Request Permissions in the middle column of the Web page under Services. Further information about
Office. Once the online version of the published article for which permission is being requested is located, 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the EditorialCirculationin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on N
ovem

ber 7, 2017
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/content/136/19/1840
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/



