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Abstract

Background: Obstructive sleep apnea (OSA) is highly common in patients with coronary artery disease (CAD) and it 
is a strong predictor of subsequent cardiovascular events. However, whether treatment with continuous positive airway 
pressure (CPAP) can decrease this risk remains controversial.
Methods: PubMed, EMBASE, the Cochrane Library, and ClinicalTrials.gov were systematically searched to identify 
randomized clinical trials reporting cardiovascular events from database inception to February 12, 2022.
Results: Four trials with 3043 participants were included. The median follow-up duration ranged from 3 to 4.75 years. 
Compared with usual care alone, CPAP was not associated with decreased MACCE risk (RR 0.96, 95% CI 0.77–1.21, 
P = 0.75), and the results were consistent regardless of CPAP adherence (≥4 hours/night vs. <4 hours/night, RR 0.48, 
95% CI 0.20–1.16). Similarly, no significant differences were observed between groups in the risks of all-cause death 
(RR 0.81, 95% CI 0.52–1.26), cardiovascular death (RR 0.70, 95% CI 0.36–1.33), myocardial infarction (RR 1.08, 
95% CI 0.73–1.60), revascularization (RR 1.03, 95% CI 0.77–1.38), and cerebrovascular events (RR 0.77, 95% CI 
0.23–2.61).
Conclusion: Existing evidence does not support an association between CPAP treatment and decreased risk of recur-
rent cardiovascular events in patients with CAD and OSA, regardless of adherence to CPAP.
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sleep apnea; PCI, percutaneous coronary interven-
tion; RCT: randomized clinical trial; RR: relative 
risk; TIA: transient ischemic attack.

Background

Obstructive sleep apnea (OSA) is highly prevalent 
among people with cardiovascular disease, affect-
ing approximately half of those with coronary artery 
disease (CAD) [1–3]. Accumulating evidence indi-
cates an association between OSA and elevated risk 
of cardiovascular or cerebrovascular events in a 
large range of subsets of patients with CAD, despite 
the application of contemporary therapies [1, 4–7]. 
Continuous positive airway pressure (CPAP) ther-
apy can improve sleep measures and surrogate end-
points, including blood pressure, insulin resistance, 
glycemic control, and left ventricular ejection frac-
tion [8–11]. Current guidelines recommend CPAP 
for patients with moderate to severe OSA [12, 13]. 
However, several trials have unexpectedly demon-
strated a neutral effect of CPAP therapy on second-
ary cardiovascular prevention among patients with 
CAD and OSA [14–16]. The most recent study 
addressing this issue, the Impact of Sleep Apnea 
syndrome in the evolution of Acute Coronary syn-
drome (ISAACC) study, has suggested that CPAP 
does not decrease cardiovascular events in patients 
with acute coronary syndrome (ACS) and OSA 
[14]. Thus, uncertainty persists regarding the asso-
ciations of CPAP with hard endpoint clinical out-
comes, such as cardiovascular events and death, in 
patients with established CAD and OSA. Therefore, 
we conducted a systematic review and meta-anal-
ysis including a relatively large sample to assess 
the association between CPAP therapy and long-
term cardiovascular outcomes among patients with 
established CAD and OSA.

Methods

Data Sources and Search Strategies

This meta-analysis complied with the Preferred 
Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines [17]. PubMed, 
EMBASE, the Cochrane Library, and ClinicalTrials.
gov were systematically searched for randomized 

clinical trials (RCTs) from database inception to 
February 12, 2022, by two independent reviewers 
(R.G. and Q.G.). Both Medical Subject Heading 
terms and related text words “obstructive sleep 
apnea,” “sleep apnea,” “continuous positive airway 
pressure,” “myocardial ischemia,” and “coronary 
disease” (Supplemental Table 1) were used. The 
reference lists of the included studies, reviews, and 
reports were thoroughly screened to identify addi-
tional relevant articles.

Study Selection and Inclusion Criteria

Potentially eligible articles were identified by 2 
reviewers (R.G. and Q.G.). RCTs reporting the 
effects of CPAP versus a control group (usual care 
or sham CPAP) among patients (≥18 years of age) 
with CAD and OSA were considered for inclusion. 
No language restrictions were imposed. Duplicate 
reports and trials lacking follow-up data on cardio-
vascular outcomes of interest were excluded. After 
removal of duplicates, animal studies, and irrelevant 
studies by screening of the titles and abstracts, two 
authors reviewed each full-text article for eligibility 
(R.G. and Q.G.), and a third author (X.W.) provided 
verification.

Data Extraction and Validity Assessment

For each included study, data were extracted inde-
pendently in duplicate with a standardized elec-
tronic form. Any disagreements were resolved by 
consultation among authors. The following data 
were extracted: lead author, year of publication, 
time span, location, main inclusion criteria for 
OSA, number of participants, demographic char-
acteristics, methods of OSA assessment, follow-up 
duration, and cardiovascular events.

The primary outcome was major adverse cardio-
vascular and cerebrovascular events (MACCEs, a 
composite of all-cause or cardiovascular death, myo-
cardial infarction [MI], hospitalization for heart fail-
ure or unstable angina, repeated revascularization, 
stroke/transient ischemic attack [TIA], or cerebrovas-
cular death). Secondary outcomes included all-cause 
death, cardiovascular death, MI, revascularization, 
and cerebrovascular events (stroke, TIA, and cere-
brovascular death). Definitions of events across the 
included studies were consistent during their study 
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periods, ensuring uniformity in defining MACCEs. 
Endpoints were assessed at the longest follow-up.

Two investigators (R.G. and Q.G.) independently 
evaluated the quality of each included trial with 
the Cochrane Collaboration tool [18] for assess-
ing risk of bias in RCTs. Random sequence gen-
eration, allocation sequence concealment, blinding 
of participants and personnel, blinding of outcome 
assessment, completeness of outcome data, selec-
tive reporting, and other sources of bias were eval-
uated and classified as low, unclear, or high. Any 
disagreement was resolved by discussion and con-
sultation with a third reviewer (X.W.).

Data Synthesis and Analysis

The pooled effects of CPAP were quantified by the 
relative risk (RR) with a confidence interval (CI) 
of 95%. A two-sided P value of <0.05 was con-
sidered significant. Because we considered the 
included studies to be sufficiently similar, we used 
a random-effects model (Mantel-Haenszel) to bet-
ter estimate the effect size of different studies with 
small samples, and to provide more conservative 
estimates regardless of the presence of significant 
heterogeneity. The heterogeneity of results among 
studies was assessed with the I2 statistic with a 

significance threshold of P < 0.10, whereas heter-
ogeneity was considered low if I2 < 25%, moder-
ate if I2 was between 26% and 75%, and high if I2 
was > 75%. Sensitivity analyses were performed by 
exclusion of each study, one at a time, to investigate 
the influence of each study on the pooled estimates. 
Statistical analyses were performed in RevMan 5.4 
and Stata 12.0.

Results

Characteristics of the Included Studies

The literature search yielded 1761 articles, from 
which 158 duplicates were removed, and 1439 were 
excluded after title/abstract review. After screen-
ing of the full-texts, four studies involving 3043 
patients and reporting outcomes of interest met the 
inclusion criteria (Figure 1).

The study characteristics are listed in Table 1. 
All studies enrolled patients with CAD and OSA 
with long-term follow-up data. The mean follow-
up duration was 3.7 years in the SAVE study and 
ranged from 3 to 4.75 years in the other three 
studies. Patients with OSA, defined by an apnea-
hypopnea index [AHI] [9, 14, 15] ≥ 15 or oxygen 

Figure 1 Flow Chart of the Study Selection Process for Meta-Analysis.
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Figure 2 Meta-Analysis of the Association of CPAP with MACCEs.
Abbreviations: CPAP, continuous positive airway pressure; M-H, Mantel-Haenszel random-effects model; CI, confidence 
interval.

Figure 3 Meta-Analysis of Association of Adequate use of CPAP (≥4 hours/night) with MACCEs.
Abbreviations: CPAP, continuous positive airway pressure; IV, inverse variance random-effects model; CI, confidence interval.

desaturation index [ODI] [16] ≥ 12, underwent pri-
mary assessment via overnight polysomnography 
in two studies [9, 15], and through validated port-
able diagnostic devices in two other studies [14, 
16]. Average nightly CPAP use ranged from 2.78 to 
6.6 hours. The risk of bias in the included studies is 
shown in Supplemental Table 2. In general, blind-
ing of patients appeared to be difficult because of 
the nature of the intervention.

Primary Outcomes

A total of 532 MACCEs (264 in the CPAP group 
and 268 in the control group) were reported. 
Treatment with CPAP compared with standard 
care was not associated with a diminished risk 
of MACCE (RR 0.96, 95% CI 0.77–1.21, P = 
0.75) (Figure 2). Additionally, three studies [9, 
14, 15] reported results for participants with ade-
quate use of CPAP (≥4 hours/night). However, in 
the  stratified analysis, the results remained con-
sistent (RR 0.48, 95% CI 0.20–1.16, P = 0.10) 
(Figure 3).

Secondary Outcomes

Data extracted from three trials [9, 15, 16] involv-
ing a total of 1572 patients were extracted to evalu-
ate the effects of CPAP on the outcomes of all-cause 
death (RR 0.81, 95% CI 0.52–1.26, P = 0.35), car-
diovascular death (RR 0.70, 95% CI 0.36–1.33, P = 
0.28), MI (RR 1.08, 95% CI 0.73–1.60, P = 0.70), 
revascularization (RR 1.03, 95% CI 0.77–1.38, P = 
0.82), and cerebrovascular events (RR 0.77, 95% CI 
0.23–2.61, P = 0.68). No association was observed 
between CPAP and decreases in these individual 
clinical events (Figure 4).

Sensitivity Analysis

Evidence of moderate and high heterogeneity  
(I2 = 36%) was observed for MACCEs among the 
included studies (Figure 2). We conducted leave-
one-out sensitivity analyses, systematically exclud-
ing one study at a time to evaluate the influence of 
each individual study on the results. Through this 
analysis, we identified the SAVE trial as the source 
of heterogeneity. Exclusion of that study from the 
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analysis decreased the study heterogeneity (I2 = 
0%, P = 0.37), whereas the combined RR remained 
insignificantly protective (RR 0.87, 95% CI 0.70–
1.09, P = 0.22).

Discussion

The present study, to our knowledge, is the most 
up-to-date meta-analysis of RCTs investigating 
the effectiveness of CPAP in patients with CAD 
and OSA, including the most recent ISAACC trial 
[14] designed to investigate this subset of patients. 
Previous meta-analyses of observational studies 
or highly heterogeneous RCTs have demonstrated 
controversial effects of CPAP in patients with OSA 
and any cardiovascular disease [6, 19, 20]. The 
current meta-analysis focused on patients with 
established CAD and OSA. We pooled data from 
four RCTs involving a total of 3043 participants 
with long-term follow-up. Our findings indicated 
that CPAP, as a measure of secondary prevention, 
did not prevent MACCEs in patients with CAD 
with OSA, regardless adherence to CPAP (use 

for more or less than 4 hours/night). In addition, 
no additional benefits of CPAP were observed in 
preventing subsequent all-cause death, cardiovas-
cular death, MI, revascularization, and cerebro-
vascular events (stroke, TIA, and cerebrovascular 
death).

CPAP use for ≥4 hours/night was widely consid-
ered to be most effective and clinical meaningful 
for cardiovascular and cerebrovascular outcomes 
in patients with OSA [15, 16, 21–23]. Adjusted 
on-treatment analysis of the RICCADSA trial 
showed that, compared with CPAP use < 4 hours/
night or no CPAP, CPAP use ≥4 hours/night was 
associated with significant cardiovascular risk 
reduction (HR 0.29; 95% CI 0.1–0.86; P = 0.026) 
[15]. Furthermore, propensity-score matched 
analysis of the ISAACC study indicated an HR 
of 0·80 (95% CI 0.52–1.23; P = 0.32) for inci-
dence of cardiovascular events in the adherent 
subgroup [14, 24]. Stratified analysis (≥4 hours/
night) of the meta-analysis did not show a positive 
effect of CPAP on MACCEs. Whether this time 
course or threshold of CPAP therapy is optimal 

Figure 4 Meta-Analysis of Association of CPAP with Individual Cardiovascular and Cerebrovascular Events.
Abbreviations: CPAP, continuous positive airway pressure; CI, confidence interval; MI, myocardial infarction.
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or appropriate to decrease cardiovascular risk 
requires further investigation.

The neutral results of recent CPAP randomized 
trials in demonstrating protection against vascular 
events and death may have several explanations. 
First, OSA is a potential cause of artery athero-
sclerosis and endothelial dysfunction [25–27], but 
epidemiological evidence has indicated that OSA 
has lower adverse effects on coronary circulation 
than cerebrovascular circulation [28]. Furthermore, 
protective collateral vessels have been suggested 
to develop in the presence of OSA [29], and CPAP 
does not decrease inflammatory biomarkers in 
patients with stable CAD and OSA [30]. Therefore, 
CPAP therapy may have more profound benefits 
in primary cardiovascular prevention rather than 
secondary prevention. Second, notably, all trials 
included in our analysis were completed in the past 
decade. Contemporary therapies such as extensive 
lipid-lowering and antihypertensive drugs, anti-
platelet therapy, and new-generation drug-eluting 
stents, might hinder the detection of additional 
cardioprotective effects of treatment of OSA with 
CPAP. Third, the lack of benefits of adequate use 
of CPAP might be due to the use time and timing 
of CPAP treatment. The average CPAP use time 
was typically between 2 and 5 hours (only half the 
total sleep time). The duration of CPAP use may 
not be sufficient to reduce the risk of cardiovascu-
lar and cerebrovascular events. Another explana-
tion may be the timing of CPAP use. OSA during 
REM sleep is associated with longer apnea length 
[31, 32], and patients who have OSA only during 
REM sleep show poorer CPAP adherence than other 
patients with OSA [33]. Fourth, because this study 
was a meta-analysis of RCTs, the results might have 
been affected by biases inherent to RCTs, includ-
ing selection bias and ethical issues. Patients with 
excessive daytime sleepiness according to differ-
ent thresholds (ESS > 10 or 15) in the four RCTs 
were all excluded, because assigning those patients 
to a control group would have been unethical and 
unreasonable. However, patients with OSA present-
ing excessive sleepiness have the greatest cardio-
vascular risk and are mostly likely to benefit from 
treatment with CPAP [34]. Therefore, real-world 
observational data and analysis techniques, such as 
using propensity scores to overcome selection bias, 
have been suggested as alternative approaches [35]. 

The final potential explanation may be population 
heterogeneity. The inclusion criteria varied from 
chronic to acute phase CAD, including both acute 
or elective PCI and CABG.

Moreover, our previous prospective cohort study 
[36] has demonstrated that OSA is associated with 
a 2.5-fold elevated risk of 1-year MACCE after 
ACS in patients with diabetes mellitus but not in 
patients without diabetes mellitus. Other studies 
have reported that OSA might have deleterious 
effects specifically in certain phenotypes of patients 
with CAD [37]. The negative findings are most 
likely to be due to the diverse patient phenotypes, 
only some of which can benefit from CPAP therapy 
[38]. Therefore, targeted selection among homoge-
neous patients with CAD to identify those at high 
risk (e.g., with ACS, MI, ST-segment-elevation MI, 
or complication with diabetes mellitus) and stand to 
benefit from CPAP is crucial.

Study Limitations

Several potential study limitations should be 
acknowledged. First, a considerable degree of het-
erogeneity existed among studies, partly because 
of differences in populations, co-morbidity bur-
den, sample size, methods of CPAP application, 
and sleep evaluation. Second, statistically moder-
ate heterogeneity was found in the meta-analyses. 
Sensitivity analysis indicated that differences in 
OSA definitions and assessments contributed to 
the variance among studies. ODI was used exclu-
sively by the SAVE trial, whereas the other  studies 
used AHI. Third, the risk estimates of individual 
cardiovascular or cerebrovascular events might 
have been insufficient because of relatively smaller 
subpopulations in the included studies and incon-
sistent event definitions. Fourth, because only four 
RCTs were included, a meta-regression analy-
sis and funnel plot analysis could not be used to 
assess possible publication bias. Finally, the per-
formance bias was considered high, because these 
RCTs did not blind patients, given the nature of the 
intervention.

Conclusions

In summary, current evidence does not support that 
CPAP therapy can prevent future cardiovascular and 
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cerebrovascular events in patients with CAD with 
OSA, regardless of adherence to CPAP. However, 
drawing a conclusion may be premature, and real-
world cohort studies and innovative investigation 
strategies are warranted in the future.

Data Availability Statement

All data generated or analyzed during this study are 
included in this published article (and its supple-
mentary information files).

Ethics Statement

Not applicable.

Author Contributions

S.N., X.W., and R.G. contributed to the conception 
or design of the study. R.G., Q.G., W.H., J.F., and 
X.W. contributed to the acquisition, analysis, or 
interpretation of data for the work. R.G., Q.G., and 
X.W. wrote the draft of the manuscript. All authors 

critically revised and approved the final manuscript, 
and agree to be accountable for all aspects of work, 
ensuring integrity and accuracy.

Funding

This study was funded by grants from National 
Key R&D Program of China (2022YFC2505600) 
and the Training Program for Outstanding Young 
Scholars in Beijing Anzhen Hospital, Capital 
Medical University (AZ2023-YQ-03).

Competing Interests

The authors declare that they have no competing 
interests.

Supplementary Material

Supplementary materials are available at 
the following link https://cvia-journal.org/
wp-content/uploads/2023/12/Supplemental_
Material-20221215.pdf

REFERENCES

1. Fan J, Wang X, Ma X, Somers 
VK, Nie S, Wei Y. Association of 
obstructive sleep apnea with cardio-
vascular outcomes in patients with 
acute coronary syndrome. J Am 
Heart Assoc 2019;8:e010826.

2. Lee CH, Sethi R, Li R, Ho HH, 
Hein T, Jim MH, et al. Obstructive 
sleep apnea and cardiovascular 
events after percutaneous coro-
nary intervention. Circulation 
2016;133:2008–17.

3. Le Grande MR, Neubeck L, Murphy 
BM, McIvor D, Lynch D, McLean H, 
et al. Screening for obstructive sleep 
apnoea in cardiac rehabilitation: a 
position statement from the Australian 
Centre for Heart Health and the 
Australian Cardiovascular Health 
and Rehabilitation Association. 
Eur J Prev Cardiol 2016;23: 
1466–75.

4. Nakamoto T. Sleep-disordered 
breathing-a real therapeutic target 
for hypertension, pulmonary hyper-
tension, ischemic heart disease, and 
chronic heart failure? J Nippon Med 
Sch 2018;85:70–7.

5. Li J, McEvoy RD, Zheng D, 
Loffler KA, Wang X, Redline S, 
et al. Self-reported snoring pat-
terns predict stroke events in high-
risk patients with OSA: post hoc 
analyses of the SAVE study. Chest 
2020;158:2146–54.

6. Wang X, Fan JY, Zhang Y, Nie SP, 
Wei YX. Association of obstruc-
tive sleep apnea with cardiovas-
cular outcomes after percutaneous 
coronary intervention: a systematic 
review and meta-analysis. Medicine 
(Baltimore) 2018;97:e0621.

7. Nakamura S, Asai K, Kubota Y, 
Murai K, Takano H, Tsukada YT, 

et al. Impact of sleep-disordered 
breathing and efficacy of positive 
airway pressure on mortality in 
patients with chronic heart failure 
and sleep-disordered breathing: a 
meta-analysis. Clin Res Cardiol 
2015;104:208–16.

8. Guo J, Sun Y, Xue LJ, Huang ZY, 
Wang YS, Zhang L, et al. Effect of 
CPAP therapy on cardiovascular 
events and mortality in patients with 
obstructive sleep apnea: a meta-anal-
ysis. Sleep Breath 2016;20:965–74.

9. Huang Z, Liu Z, Luo Q, Zhao Q, 
Zhao Z, Ma X, et al. Long-term 
effects of continuous positive air-
way pressure on blood pressure 
and prognosis in hypertensive 
patients with coronary heart dis-
ease and obstructive sleep apnea: a 
randomized controlled trial. Am J 
Hypertens 2015;28:300–6.

https://cvia-journal.org/wp-content/uploads/2023/12/Supplemental_Material-20221215.pdf
https://cvia-journal.org/wp-content/uploads/2023/12/Supplemental_Material-20221215.pdf
https://cvia-journal.org/wp-content/uploads/2023/12/Supplemental_Material-20221215.pdf


Guo et al., CPAP and Outcomes in CAD and OSA 9

10. Abud R, Salgueiro M, Drake L, 
Reyes T, Jorquera J, Labarca G. 
Efficacy of continuous positive air-
way pressure (CPAP) preventing 
type 2 diabetes mellitus in patients 
with obstructive sleep apnea hypo-
pnea syndrome (OSAHS) and insu-
lin resistance: a systematic review 
and meta-analysis. Sleep Med. 
2019;62:14–21.

11. Aslan G, Afsar B, Siriopol D, 
Kanbay A, Sal O, Benli C, et al. 
Cardiovascular effects of continuous 
positive airway pressure treatment 
in patients with obstructive sleep 
apnea: a meta-analysis. Angiology 
2018;69:195–204.

12. Kapur VK, Auckley DH, Chowdhuri 
S, Kuhlmann DC, Mehra R, Ramar 
K, et al. Clinical practice guide-
line for diagnostic testing for 
adult obstructive sleep apnea: 
an American Academy of Sleep 
Medicine clinical practice guideline. 
J Clin Sleep Med 2017;13:479–504.

13. Patil SP, Ayappa IA, Caples SM, 
Kimoff RJ, Patel SR, Harrod CG. 
Treatment of adult obstructive sleep 
apnea with positive airway pressure: 
an American Academy of Sleep 
Medicine clinical practice guideline. 
J Clin Sleep Med 2019;15:335–43.

14. Sanchez-de-la-Torre M, Sanchez-
de-la-Torre A, Bertran S, Abad 
J, Duran-Cantolla J, Cabriada V, 
et al. Effect of obstructive sleep 
apnoea and its treatment with con-
tinuous positive airway pressure on 
the prevalence of cardiovascular 
events in patients with acute coro-
nary syndrome (ISAACC study): a 
randomised controlled trial. Lancet 
Respir Med 2020;8:359–67.

15. Peker Y, Glantz H, Eulenburg 
C, Wegscheider K, Herlitz J, 
Thunstrom E. Effect of positive 
airway pressure on cardiovascular 
outcomes in coronary artery disease 
patients with nonsleepy obstructive 
sleep apnea. The RICCADSA rand-
omized controlled trial. Am J Respir 
Crit Care Med 2016;194:613–20.

16. McEvoy RD, Antic NA, Heeley E, 
Luo Y, Ou Q, Zhang X, et al. CPAP 
for prevention of cardiovascular 
events in obstructive sleep apnea. N 
Engl J Med 2016;375:919–31.

17. Liberati A, Altman DG, Tetzlaff J, 
Mulrow C, Gøtzsche PC, Ioannidis 
JP, et al. The PRISMA statement 
for reporting systematic reviews 
and meta-analyses of studies that 
evaluate healthcare interventions: 
explanation and elaboration. BMJ 
2009;339:b2700.

18. Higgins JP, Altman DG, Gotzsche 
PC, Jüni P, Moher D, Oxman AD, 
et al. The Cochrane Collaboration’s 
tool for assessing risk of bias in 
randomised trials. BMJ 2011;343: 
d5928.

19. da Silva Paulitsch F, Zhang L. 
Continuous positive airway pressure 
for adults with obstructive sleep 
apnea and cardiovascular disease: a 
meta-analysis of randomized trials. 
Sleep Med 2019;54:28–34.

20. Cassar A, Morgenthaler TI, Lennon 
RJ, Rihal CS, Lerman A. Treatment 
of obstructive sleep apnea is asso-
ciated with decreased cardiac 
death after percutaneous coronary 
intervention. J Am Coll Cardiol 
2007;50:1310–4.

21. Barbé F, Durán-Cantolla J, Sánchez-
de-la-Torre M, Martínez-Alonso M, 
Carmona C, Barceló A, et al. Effect 
of continuous positive airway pres-
sure on the incidence of hyperten-
sion and cardiovascular events in 
nonsleepy patients with obstructive 
sleep apnea: a randomized controlled 
trial. JAMA 2012;307:2161–8.

22. Khan SU, Duran CA, Rahman H, 
Lekkala M, Saleem MA, Kaluski 
E. A meta-analysis of continuous 
positive airway pressure therapy in 
prevention of cardiovascular events 
in patients with obstructive sleep 
apnoea. Eur Heart J 2018;39:2291–7.

23. Javaheri S, Martinez-Garcia MA, 
Campos-Rodriguez F, Muriel A, 
Peker Y. Continuous positive airway 
pressure adherence for prevention of 
major adverse cerebrovascular and 
cardiovascular events in obstructive 
sleep apnea. Am J Respir Crit Care 
Med 2020;201:607–10.

24. Javaheri S, Barbe F, Campos-
Rodriguez F, Dempsey JA, Khayat 
R, Javaheri S, et al. Sleep apnea: 
types, mechanisms, and clinical 
cardiovascular consequences. J Am 
Coll Cardiol 2017;69:841–58.

25. Drager LF, Polotsky VY, Lorenzi-
Filho G. Obstructive sleep apnea: an 
emerging risk factor for atheroscle-
rosis. Chest 2011;140:534–42.

26. Floras JS. Sleep apnea and cardiovas-
cular disease: an enigmatic risk fac-
tor. Circul Res 2018;122:1741–64.

27. Lopez-Jimenez F, Sert Kuniyoshi FH, 
Gami A, Somers VK. Obstructive 
sleep apnea: implications for car-
diac and vascular disease. Chest 
2008;133:793–804.

28. Catalan-Serra P, Campos-Rodriguez 
F, Reyes-Nunez N, Selma-Ferrer 
MJ, Navarro-Soriano C, Ballester-
Canelles M, et al. Increased inci-
dence of stroke, but not coronary 
heart disease, in elderly patients with 
sleep apnea. Stroke 2019;50:491–4.

29. Steiner S, Schueller PO, Schulze 
V, Strauer BE. Occurrence of coro-
nary collateral vessels in patients 
with sleep apnea and total coronary 
occlusion. Chest 2010;137:516–20.

30. Thunström E, Glantz H, Yucel-
Lindberg T, Lindberg K, Saygin 
M, Peker Y. CPAP does not reduce 
inflammatory biomarkers in patients 
with coronary artery disease and 
nonsleepy obstructive sleep apnea: 
a randomized controlled trial. Sleep 
2019;42.

31. Gillman A, Roebuck T, Ho S, van 
Braak E, Naughton MT. Comparison 
of supine-only and REM-only 
obstructive sleep apnoea. Sleep Med 
2012;13:875–8.

32. Mokhlesi B. REM-related obstruc-
tive sleep apnea: to treat or 
not to treat? J Clin Sleep Med 
2012;8:249–50.

33. Almeneessier AS, Almousa Y, 
Hammad O, Olaish AH, ALAnbay 
ET, BaHammam AS. Long-term 
adherence to continuous posi-
tive airway pressure in patients 
with rapid eye movement-only 
obstructive sleep apnea: a prospec-
tive cohort study. J Thorac Dis 
2017;9:3755–65.

34. Mazzotti DR, Keenan BT, Lim 
DC, Gottlieb DJ, Kim J, Pack AI. 
Symptom subtypes of obstruc-
tive sleep apnea predict incidence 
of cardiovascular outcomes. Am J 
Respir Crit Care Med 2019;200: 
493–506.



R. Guo et al., CPAP and Outcomes in CAD and OSA10

35. Pack AI, Magalang UJ, Singh B, 
Kuna ST, Keenan BT, Maislin G. 
Randomized clinical trials of cardio-
vascular disease in obstructive sleep 
apnea: understanding and overcom-
ing bias. Sleep 2021;44:zsaa229.

36. Wang X, Fan J, Du Y, Ma C, Ma X, 
Nie S, et al. Clinical significance of 

obstructive sleep apnea in patients 
with acute coronary syndrome in 
relation to diabetes status. BMJ Open 
Diabetes Res Care 2019;7:e000737.

37. Quan W, Zheng D, Douglas 
McEvoy R, Barbe F, Chen R, Liu 
Z, et al. High risk characteristics 
for recurrent cardiovascular events 

among patients with obstructive 
sleep apnoea in the SAVE study. 
EClinicalMedicine 2018;2-3:59–65.

38. Martinez-Garcia MA, Campos-
Rodriguez F, Gozal D. Obstructive 
sleep apnoea in acute coronary 
syndrome. Lancet Respir Med 
2020;8:e15.


