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Abstract

Background: Obstructive sleep apnea (OSA) is highly prevalent in patients with coronary artery disease (CAD) and
is associated with recurrent cardiovascular risk. However, whether treatment with continuous positive airway pressure
(CPAP) reduces this risk remains unclear. We performed a systematic review and meta-analysis to assess the effect of
CPAP on long-term cardiovascular outcomes in patients with concomitant CAD and OSA.

Methods: We searched the PubMed, EMBASE, and Cochrane library from their inceptions to October 7, 2017. We included
observational studies and randomized controlled trials (RCTs) that described the association of CPAP treatment with
cardiovascular events in patients with CAD and OSA. The primary outcome of interest was major adverse cardiovascular
event (MACE), including all-cause or cardiovascular death, myocardial infarction, stroke, repeat revascularization, or
hospitalization for heart failure. Outcomes data were pooled using random effects models and heterogeneity assessed
with the I statistic.

Results: We identified 9 studies (2 RCTs and 7 observational studies) with 1430 participants. The median follow-up duration
was from 36 to 86,5 months. Treatment with CPAP was associated with a significantly lower risk of MACE in 6 observational
studies (RR 061, 95% Cl: 039-0.94, P = 0.02), but this was not reproduced in 2 RCTs (RR 057, 95% Cl: 0.32-1.02, P =0.06).
Similarly, CPAP significantly reduced the risk of all-cause death (4 observational studies) and cardiovascular death (3
observational studies), which were also not confirmed in RCTs.

Conclusions: The use of CPAP in patients with CAD and OSA might prevent subsequent cardiovascular events, which
was only demonstrated in observational studies, but not in RCTs. The value of CPAP therapy as second prevention for
CAD needs further investigation.
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Background

Obstructive sleep apnea (OSA) is highly prevalent in
patients with cardiovascular diseases. Compared to the
general population, OSA is more common in patients
with coronary artery disease (CAD), with a reported
prevalence of 38% to 65% [1]. Observational studies have
shown OSA was associated with increased risk of subse-
quent cardiovascular events in various subsets of CAD
patients [2-6]. Continuous positive airway pressure
(CPAP) is recommended for symptomatic patients with
OSA, but multiple observational studies [7-13] and
randomized controlled trials (RCTs) [14, 15] have shown
inconsistent results of CPAP therapy in reducing cardio-
vascular events in patients with established CAD. More-
over, there is no meta-analysis focusing on patients with
concomitant CAD and OSA and evaluating the role of
CPAP in preventing recurrent adverse events. Therefore,
we conducted a systematic review and meta-analysis to
assess whether adding CPAP therapy would improve
long-term cardiovascular outcomes in patients with
CAD and OSA.

Methods

Search strategies

This meta-analysis was conducted in accordance to the
Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) statement [16]. The searches
included the PubMed, EMBASE, and Cochrane library
from their inceptions to October 7, 2017, without
language restrictions. We wused Medical Subject
Heading terms “Continuous Positive Airway Pressure”,
“Sleep Apnea Syndromes”, “Myocardial Ischemia”, and
related text words including CPAP, sleep apnea, and
coronary disease. We also checked the reference lists of
all included studies, relevant review articles, and con-
ference abstracts manually for potential citations. An
example search strategy is presented in Additional file 1:
Table S1.

Study selection and eligibility criteria

Two authors (X.W. and Y.Z., both cardiologists) assessed
the eligibility of articles by initially screening the titles
and abstracts. Articles that reported the impact of CPAP
versus standard therapy (control group) among patients
with OSA and CAD were considered for inclusion. Each
full-text article was then reviewed in duplicate by these
authors. Studies that were not performed in patients
with CAD, studies that did not report on outcomes of
interest (cardiovascular events), and studies with less
than 1-year follow-up were excluded. Any disagreement
was resolved by consensus through referral to a third
reviewer (S.N.).
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Data extraction and validity assessment

Data extraction was performed independently and in
duplicate by two reviewers (X.W. and Y.Z.) using a stan-
dardized electronic form, and verified by a senior author
(SN.). Any discrepancies were resolved by consensus.
We recorded the following information: study design,
location, and time span, number of participants, inclu-
sion criteria for OSA, demographic characteristics,
methods of OSA assessment, duration and completeness
of follow-up, cardiovascular events, and potential con-
founders included in adjusted analysis.

The potential risk of bias of RCTs was appraised
according to the Cochrane Collaboration guidelines [17].
The quality items included random sequence generation,
allocation sequence concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
sources of bias, which were each classified as low,
unclear, or high.

The quality of observational studies was evaluated
using the Newcastle-Ottawa Scale for cohort studies
[18]. A quality score was calculated according to a max-
imum of one star for each item upon selection (4 items:
representativeness of the exposed cohort, selection of
the non-exposed cohort, ascertainment of exposure,
demonstration that outcome was not present at study
start), comparability (2 items: controls for the most im-
portant factor and any additional factor), and outcomes
(3 items: assessment, duration, and adequacy of follow-
up) categories.

The primary outcome of interest was major adverse
cardiovascular events (MACE), defined as a composite of
all-cause or cardiovascular death, myocardial infarction
(MI), stroke, repeat revascularization, or hospitalization
for heart failure. Secondary endpoints included all-cause
death, cardiovascular death, MI, stroke, and repeat revas-
cularization. Definitions of events were in accordance to
guidelines during each study period. Endpoints were
assessed at the longest follow-up.

Data synthesis and analysis

In general, we collected multivariable-adjusted hazard
ratio (HR) or risk ratio (RR) from original studies. In case
of unreported HR or RR of the outcomes of interest, we
calculated unadjusted RR using crude values. Summary
RR with 95% confidence interval (CI) were estimated for
primary and secondary outcomes by DerSimonian and
Laird random-effects model. We used the Cochran Q test
and P statistic to assess heterogeneity across studies with
a significance level of p <0.10. All analyses were
performed with Cochrane Review Manager software
(version 5.3). A 2-sided p value <0.05 was deemed
significant.
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Results

Study selection and characteristics

The literature search yielded 1452 citations of which 21
were retained for full-text review (Fig. 1). We subse-
quently excluded 12 studies, of which 7 studies did not
specify patients with CAD, and 4 studies did not report
on the outcomes of interest, and 1 study had less than
1-year follow-up.

Finally, a total of 9 studies [7—15] with 1430 participants
were included in this meta-analysis. Study characteristics
are listed in Tables 1 and 2. Seven studies were prospect-
ive cohort [7, 9-11, 13], 2 studies were retrospective
cohort [8, 12], and 2 studies were RCTs [14, 15]. All
studies enrolled patients with CAD and OSA. OSA was
assessed primarily by overnight polysomnography in 7
studies [7-9, 11, 12, 14, 15], and by validated portable
diagnostic devices in 2 studies [10, 13]. The definition of
OSA was based on standardized assessment of apnea-
hypopnea index (AHI) in all studies, with AHI > 15 as cut-
off value in most studies [7, 8, 10, 12, 14, 15]. In 2 studies,
either CPAP (84% to 98%) or upper airway surgery (2% to
16%) was used, and effect measures were assessed for the
entire modality [7, 8], whereas patients were exclusively
treated with CPAP in others studies. Two retrospective
cohort identified those who refused CPAP therapy or were
not adherent to CPAP as untreated group [8, 12], whereas
the others considered all patients receiving CPAP as being
treated regardless of adherence. CPAP adherence data
were available in 2 cohort studies [7, 9] (5.7 h [7] and 6.
1 h [9] per night) and in 2 RCTs (4.5 h per night in
Huang’s study [14] and 4.4 to 6.9 h per night during
6 years follow-up in Peker’s study [15]).
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The median duration of follow-up was from 36 months
to 86.5 months, and a small proportion of patients were
lost to follow-up (up to 4.9%). Most of the studies
reported adjusted risk estimates for the primary end-
point except 3 cohort studies [8, 11, 13] and 1 RCT [14],
thus contributing to potential bias.

The 2 RCTs were open-label study and did not include
blinding of participants and personnel to the intervention,
but all did blinded assessment of cardiovascular outcomes
[14, 15] (Additional file 1: Table S2). All the observational
studies except 1 retrospective cohort [8] showed
moderate-to-high quality (Newcastle-Ottawa Scale score >
6) (Additional file 1: Table S3).

Association of CPAP with MACE

Eight studies (6 observational studies and 2 RCTs) with
1307 patients reported outcome of MACE. Treatment
with CPAP was associated with a significantly lower risk
of MACE in 6 observational studies (RR 0.61, 95% CI: 0.
39-0.94, P =0.02). However, this result was not con-
firmed in 2 RCTs (RR 0.57, 95% CI: 0.32-1.02, P =0.06)
(Fig. 2). There was evidence of statistical heterogeneity
for the composite endpoint in the observational studies
(Q statistic P = 0.01; I? = 66%). We further did subgroup
analysis and showed that the decreased risk of MACE
remained significant in 4 prospective cohort studies (RR
0.39, 95% CI: 0.21-0.74, P =0.003; I> =34%), but was
not significant in 2 retrospective cohort studies (RR 0.
92, 95% CIL: 0.78-1.07, P =029; I*> =0%), and the
heterogeneity was attenuated in both subgroups
(Additional file 1: Figure S1).

Records identified through PubMed
(n=306), EMBASE (1,062), and
Cochrane library (n=82)

Additional records identified through

other sources (n=2)

(n=195)

Duplicate records found

Records screened
(n=1,257)

Records excluded based on title
and/or abstract (n=1,236)

Full-text articles

d for

Full-text articles excluded (n=12)

eligibility (n=21)

+ Not studied in patients with
coronary artery disease (n=7)

+ Outcome of interest not reported
(n=4)
* Not long-term follow-up (n=1)

studies)

Studies included in meta-analysis
(n=9, 2 RCTs and 7 observational

Fig. 1 Flow chart of the study selection process for meta-analysis
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Table 1 Study design and clinical characteristics of included studies
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Source Study design, Number of  Main Mean age Male (%) Mean BMI Mean AHI Mean ESS OSA assessment

location, years participants inclusion (Years) (kg/mz) (events/h) (points)

criteria

Milleron Prospective cohort, 54 AHIZ 15 573 98.1 283 312 NR Polysomnography
et al, 2004 [7] single-center in France,

1991-1999
Cassar et al,, Retrospective cohort, 371 AHIZ 15 640 876 34.1 44.2 NR Polysomnography
2007 [8] single-center in US,

1992-2004
Garcia-Rio Prospective cohort, 123 AHIZ5 580 86.2 27.3 217 85 Polysomnography
et al, 2013 [9] single-center in Spain,

2003-2005
Capodanno Prospective cohort, 129 AHI =215 683 80.6 273 224 7 Portable diagnostic
et al, 2014 [10] single-center in Italy, device

2008
Nakashima Prospective cohort, 95 AHIZ20 710° 770° NR NR NR Polysomnography
etal, 2015 [11] single-center in Japan,

2003-2009
Wu et al, Retrospective cohort, 295 AHIZ 15 551 84.4 29.7 428 NR Polysomnography
2015 [12] single-center in China, 72.1%, Portable

2002-2012 diagnostic device

27.9%

Ledo et al, 2016 Prospective cohort, 46 AHIZ5 635 826 278 306 88 Portable diagnostic
[13] single-center in device

Portugal, NR
Huang et al, RCT, parallel, 73 AHI =215, 624 822 277 285 88 Polysomnography
2015 [14] single-center in China, ESS< 15

2009-2012
Peker et al,, RCT, parallel, 244 AHIZ 15, 66.0 84.1 285 288 55 Polysomnography
2016 [15] single-center in Sweden, ESS< 10

2005-2010

AHI apnea-hypopnea index, BMI body mass index, ESS Epworth Sleepiness Scale, NR not reported, OSA obstructive sleep apnea, RCT randomized controlled trial

?Indicate values in patients with AHI> 15

Association of CPAP with all-cause and cardiovascular
death

There were 5 studies (1080 participants) that reported
outcomes of all-cause death. CPAP significantly
reduced the risk of all-cause death in 4 observational
studies (RR 0.60, 95% CI 0.39-0.94, P =0.03; I* =
0%). However, the only RCT did not show significant
risk reduction (RR 0.78, 95% CI 0.30-2.02, P =0.61)
(Fig. 3).

Cardiovascular death was evaluated in 5 studies
with 866 participants. Similarly, CPAP therapy signifi-
cantly reduced the risk of cardiovascular death in 3
observational studies (RR 0.28, 95% CI 0.12-0.68,
I = 0%), which were also not reproduced in 2 RCTs
(RR 0.41, 95% CI 0.12-1.41, I*> =0%) (Fig. 4).

Association of CPAP with individual cardiovascular events
We also evaluated the effect of CPAP on outcomes of
MI in 5 studies (3 observational and 2 RCTs; 781 par-
ticipants), stroke in 3 studies (1 observational and 2
RCTs; 612 participants), and repeat revascularization in

6 studies (5 observational and 1 RCTs; 886 partici-
pants). There was no association of CPAP with all indi-
vidual cardiovascular events in both observational
studies and RCTs (Figs. 5, 6, and 7).

Discussion

In the present meta-analysis, the associations of CPAP
use with risk reduction of composite cardiovascular
events, all-cause and cardiovascular death in patients
with concomitant CAD and OSA were only demon-
strated in observational studies, but not RCTs. There
were also no significant associations between CPAP
treatment with individual cardiovascular outcomes.
Based on these results, there is still no clear evidence
to prescribe CPAP with the purpose of preventing
future cardiovascular events in patients with OSA and
established CAD.

OSA was linked to a series of cardiovascular risk
factors and outcomes. CPAP is effective in reversing
upper airway obstruction and hypoxemia. Randomized
trials have demonstrated that CPAP treatment improves
cardiovascular surrogate endpoints, such as blood
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Table 2 Study groups, outcomes, results, and risk of bias

Source Follow-up Loss to Outcomes of interest (Primary) Results Confounders included in adjusted analysis
follow-up, %
Milleron 86.5 months 0 MACE (Cardiovascular death, ACS, Adjusted HR, Age, AHI, BMI, hypertension, and
etal, 2004  (median) hospitalization for heart failure, 024 (0.09-0.62)  hypercholesterolaemia
[7] or revascularization)
Cassar et al, 3 year 0 MACE (severe angina, MI, PCl, Unadjusted RR,  NR
2007 [8] (median) CABG, stroke, or death 093 (0.79-1.11)
Garcia-Rio 6.5 years 24% Recurrent Ml Adjusted HR, Age, sex, body mass index, smoking habit,
etal, 2013 (mean) 0.16 (0.03-0.76)  packsxyear, LVEF, diabetes, hypertension,
[9] dyslipidemia, metabolic syndrome, smoking
cessation and long-term pharmacological
treatment
Capodanno 3 years 0 MACE (all-cause death, MI, stroke, Adjusted HR, BMI, smoking status, previous MI, prior
et al, 2014 or repeat revascularization either 0.18 (0.04-0.78)  stroke, and LVEF < 40%
[10] percutaneous or surgical)
Nakashima 4 years 49 MACE (cardiac death, ACS recurrence, Unadjusted RR,  NR
et al, 2015 (median) and re-admission for heart failure) 046 (0.21-1.03)
[11]
Wu et al,, 4.8 years 15 MACE (death, non-fatal MI, repeat Adjusted HR, Age, sex, BMI, clinical presentation, smoking,
2015 [12] (median) revascularization, stent thrombosis, 0.82 (0.53-1.27)  hypertension, type 2 diabetes, dyslipidemia,
or stroke) history of MI, cerebrovascular disease,

peripheral arterial disease, renal failure,
heart failure (LVEF <40%), extent of
diseased or treated vessel, adjunctive
medical therapy

Ledo et al, 75 months 0 MACE (death for any cause, MI, Unadjusted RR,  NR
2016 [13] (median) and myocardial revascularization 0.87 (0.31-2.46)
Huang 36 months 24 MACE (new-onset acute MI, hospitalization Unadjusted RR,  NR
et al, 2015 (median) for heart failure, need for repeated coronary 0.21 (0.03-1.67)
[14] revascularization, stroke, and death associated
with cardiovascular and cerebrovascular disease)
Peker et al, 569 months 04 MACE (repeat revascularization, M, Adjusted HR, Age, sex, AHI, BMI, CABG vs. PCl, current
2016 [15] (median) stroke, and cardiovascular mortality) 0.62 (0.34-1.13)  smoking, hypertension, diabetes mellitus,

acute MI, previous PCl or CABG, pulmonary
disease, LVEF

ACS indicates acute coronary syndrome, AHI apnea-hypopnea index, BMI body mass index, CABG coronary artery bypass graft, CPAP continuous positive
airway pressure, HR hazard ratio, LVEF left ventricular ejection fraction, MACE major adverse cardiovascular events, Ml myocardial infarction, NR not reported,
PClI percutaneous coronary intervention, RR risk ratio

N

Risk Ratio Risk Ratio
r I Weight V. Random, 95% CI IV, Random, 95% CI

1.1.1 Observational studies

Milleron 2004 12.6% 0.24[0.09, 0.62] -

Cassar 2007 30.1% 0.931[0.79, 1.11] -

Capodanno 2014 6.8% 0.18[0.04, 0.78]

Nakashima 2015 15.3% 0.46 [0.21, 1.03] - =

Wu 2015 23.9% 0.82[0.53, 1.27] =B

Ledo 2016 11.3% 0.87[0.31, 2.46] T

Subtotal (95% CI)  100.0% 0.61[0.39, 0.94] L 4

Heterogeneity: Tau? = 0.16; Chi? = 14.54, df = 5 (P = 0.01); I> = 66%
Test for overall effect: Z = 2.25 (P = 0.02)

1.1.2RCTs

Huang 2015 7.6% 0.21[0.03, 1.67] —
Peker 2016 92.4% 0.62[0.34, 1.13] 1
Subtotal (95% CI)  100.0% 0.57 [0.32, 1.02]

Heterogeneity: Tau? = 0.00; Chi? = 0.98, df = 1 (P = 0.32); I = 0%
Test for overall effect: Z = 1.91 (P = 0.06)

001 0.4 1 10 100
Favours [CPAP] Favours [Control]
Fig. 2 Forest plot of the risk estimates for major adverse cardiovascular events (MACE) in patients treated with continuous positive airway pressure

(CPAP) compared to control
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Test for overall effect: Z = 2.23 (P = 0.03)

1.2.2 RCTs

Peker 2016 100.0%
Subtotal (95% CI) 100.0%
Heterogeneity: Not applicable
Test for overall effect: Z = 0.52 (P = 0.61)

0.780.30, 2.02]
0.78 [0.30, 2.02]

Risk Ratio Risk Ratio

__Study or Subgroup  Weight IV, Random. 95% CI 1V, Randi 95% Cl

1.2.1 Observational studies

Cassar 2007 71.0% 0.64[0.38, 1.09] i

Capodanno 2014 2.6% 0.30[0.02, 4.74] —

Wu 2015 21.7% 0.65[0.25, 1.69] e

Ledo 2016 4.8% 0.24[0.03, 1.81] -

Subtotal (95% CI) 100.0% 0.60 [0.39, 0.94] <&

Heterogeneity: Tau? = 0.00; Chi? = 1.15, df = 3 (P = 0.77); 1> = 0%

Fig. 3 Forest plot of the risk estimates for all-cause death in patients treated with continuous positive airway pressure (CPAP) compared to control

= =

0.01 0.1 1 10 100
Favours [CPAP] Favours [Control]

pressure [14, 19] and insulin resistance [20]. However, in
the trials evaluating MACE, no significant beneficial
effects of CPAP were shown in patients with OSA [15,
21, 22]. In the most recently SAVE (Sleep Apnea Cardio-
vascular Endpoints) trial that randomized 2717 partici-
pants with coronary or cerebrovascular disease and
moderate-to-severe OSA, CPAP did not result in a lower
rate of the composite cardiovascular events at a median
follow-up of 3.7 years [21]. Furthermore, several meta-
analyses of randomized trials also showed no effect of
CPAP therapy on MACE for OSA with or without
cardiovascular morbidities [23-25]. However, the study
populations of included studies are diverse, from general
population to patients with severe CAD (such as MI),
thus precluding definitive conclusions.

To the best of our knowledge, the present meta-
analysis is the first attempt to focus on a relatively
homogenous group of patients with established CAD.
Our findings suggested adding CPAP as a secondary pre-
vention for patients with CAD and concomitant OSA
might be beneficial in the long-term follow-up, but this
was only shown in observational studies, and not verified

in RCTs. The enrolled studies in the prospective and
retrospective cohorts were usually conducted more than
10 years ago and had a wide range of follow-up, there-
fore they do not represent contemporary medical and
interventional therapy. Also, the results could be under-
powered due to a relatively small sample size and varia-
tions in study populations and definitions of events. The
negative results of RCTs were mainly derived from the
RICCADSA (Randomized Intervention With CPAP in
Coronary Artery Disease and Sleep Apnea) trial, which
enrolled 224 patients with OSA and revascularized
CAD. There is no significant difference in the composite
endpoint of repeat revascularization, MI, stroke, or
cardiovascular death between CPAP and untreated OSA
patients [15]. It should be noted that CPAP therapy
tended to be associated with a reduced risk of MACE in
the 2 RCTs (RR 0.57, 95% CI: 0.32-1.02), although there
was no significant difference. Due to the small number
of included RCTs, this result should be interpreted with
caution. In the RICCADSA trial, adjusted on-treatment
analysis exhibited better outcomes among patients who
were adherent to CPAP therapy (24 h per night). In

Risk Ratio Risk Ratio
__Study or Subgroup  Weight IV, Random. 95% CI 1V, Randi 95% Cl
1.3.1 Observational studies
Milleron 2004 8.9% 0.16 [0.01, 3.04] T
Cassar 2007 81.3% 0.29[0.11,0.77] —l—
Capodanno 2014 9.9% 0.35[0.02, 5.54] e E—
Subtotal (95% CI)  100.0% 0.28 [0.12, 0.68] N o
Heterogeneity: Tau? = 0.00; Chi* = 0.16, df = 2 (P = 0.92); I> = 0%
Test for overall effect: Z = 2.84 (P = 0.005)
1.3.2 RCTs
Huang 2015 15.0% 0.34[0.01, 8.14]
Peker 2016 85.0% 0.43[0.11, 1.62] 1
Subtotal (95% Cl) ~ 100.0%  0.41[0.12, 1.41] -
Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.90); I> = 0%
Test for overall effect: Z = 1.41 (P = 0.16)
0.01 0.1 1 10 100
Favours [CPAP] Favours [Control]
Fig. 4 Forest plot of the risk estimates for cardiovascular death in patients treated with continuous positive airway pressure (CPAP) compared to control
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Risk Ratio

Id re Weight IV, Random, 95% Cl

Risk Ratio
1V, Random, 95% CI

1.4.1 Observational studies

Garcia-Rio 2013 33.0% 0.16 [0.03, 0.76]
Wu 2015 39.8% 1.74 [0.62, 4.89)]
Ledo 2016 27.2% 0.28 [0.04, 2.24]
Subtotal (95% Cl)  100.0% 0.48 [0.09, 2.53]

Test for overall effect: Z = 0.87 (P = 0.39)

1.42RCTs

Huang 2015 20.3% 0.21[0.01, 4.14]
Peker 2016 79.7% 1.38[0.57, 3.30]
Subtotal (95% CI) 100.0% 0.93 [0.21, 4.18]

Test for overall effect: Z = 0.09 (P = 0.93)

to control

Heterogeneity: Tau? = 1.53; Chi? = 7.16, df =2 (P = 0.03); I =72%

Heterogeneity: Tau? = 0.53; Chiz = 1.42, df = 1 (P = 0.23); I = 30%

Fig. 5 Forest plot of the risk estimates for myocardial infarction in patients treated with continuous positive airway pressure (CPAP) compared

-
— -
_

i

—

0.01 0.1 1 10 100
Favours [CPAP] Favours [Control]

addition, patients in the RICCADSA trial were heteroge-
neous with variable risk profiles, including both
percutaneous coronary intervention (PCI) and CABG,
and both acute or elective PCI, thus attenuating the
anticipated treatment effect. In case of second preven-
tion of CAD patients, the treatment effects of CPAP are
still needed to be evaluated in a high-risk group with
homogenous CAD populations (ACS, MI, or PCI, etc.).

In the contemporary era, with the extensive use of
lipid-lowering and blood pressure lowering agents,
antiplatelet therapy, and drug-eluting stents, treat-
ment of OSA with CPAP might not add more bene-
fits for CAD patients based on current evidence. As
OSA is highly prevalent and is associated with sub-
sequent cardiovascular risk, we should still pay more
attention to this condition when assessing patients
with CAD in clinical practice. Whether increased
compliance to CPAP or novel treatment options can
lead to better cardiovascular outcomes needs further
investigation.

Study limitations
First, we observed significant statistical heterogeneity in
the outcome measure of MACE in the observational

studies, which could be partly explained by different
study design, small sample size, and study quality
according to whether adjustment for confounders was
performed. We did subgroup analysis based on prospect-
ive or retrospective cohorts, and the heterogeneity was
attenuated in both subgroups. Second, the study popula-
tion varies across studies, from general CAD patients to
MI with or without revascularization (PCI or CABG).
The treatment effects of CPAP need to be further
investigated in more homogenous patients. Third, there
are significant differences in the definitions of the use
and adherence of CPAP, which could impact the treat-
ment effects compared to the control group. Fourth,
there are not enough studies (less than 10) to test for
publication bias for the primary endpoint. Fifth, the risk
estimates of individual cardiovascular events could be
underpowered due to a small number of included
studies and variations in events definition.

Conclusions

Compared to standard therapy alone, the use of CPAP
in patients with OSA and concomitant CAD was
associated with a reduced risk of major cardiovascular

Risk Ratio
IV, Random, 95% CI

Risk Ratio
__Study or Subgroup _ Weight IV, Rand 95% Cl
1.5.1 Observational studies
Wu 2015 100.0% 1.03[0.48, 2.18]

Subtotal (95% CI) 100.0%
Heterogeneity: Not applicable
Test for overall effect: Z = 0.06 (P = 0.95)

1.03 [0.48, 2.18]

1.5.2 RCTs
Huang 2015
Peker 2016
Subtotal (95% CI)

17.8%
82.2%
100.0%

0.15[0.01, 2.74]
0.50 [0.13, 1.95]
0.40[0.12, 1.38]

Test for overall effect: Z = 1.45 (P = 0.15)

Heterogeneity: Tau? = 0.00; Chi? = 0.55, df = 1 (P = 0.46); I? = 0%

Fig. 6 Forest plot of the risk estimates for stroke in patients treated with continuous positive airway pressure (CPAP) compared to control

—
_.__
—
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Risk Ratio
IV, Random, 95% CI

Risk Ratio

r I Weight 1V, Random, 95% CI
1.6.1 Observational studies
Milleron 2004 10.5% 0.58 [0.06, 6.02]
Garcia-Rio 2013 17.5% 0.15[0.03, 0.79]
Capodanno 2014 8.2% 0.13[0.01, 1.94]
Wu 2015 38.8% 0.47 [0.26, 0.84]
Ledo 2016 25.0% 1.78 [0.55, 5.76]

Subtotal (95% CI) 100.0% 0.50 [0.21, 1.17]

Test for overall effect: Z = 1.60 (P =0.11)

1.6.2 RCTs
Peker 2016 100.0% 1.211[0.63, 2.35]
Subtotal (95% CI)  100.0% 1.21[0.63, 2.35]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)

to control

Heterogeneity: Tau? = 0.41; Chiz=7.48, df =4 (P = 0.11); 1= 47%
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Fig. 7 Forest plot of the risk estimates for repeat revascularization in patients treated with continuous positive airway pressure (CPAP) compared

events, all-cause and cardiovascular mortality, which
was only observed in observational studies, but not in
RCTs. There is a need for large-scale RCTs to further
explore the value of CPAP therapy as a second preven-
tion in a high-risk and homogenous CAD population.
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