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Methods
and results

To assess whether continuous positive airway pressure (CPAP) therapy reduces major adverse cardiovascular
events (MACE) in patients with moderate-to-severe obstructive sleep apnoea (OSA).

A total of 235 articles were recovered using MEDLINE, EMBASE and Cochrane library (inception-December 2016)
and references contained in the identified articles. Seven randomized controlled trials (RCTs) were selected for final
analysis. Analysis of 4268 patients demonstrated non-significant 26% relative risk reduction in MACE with CPAP [risk
ratio (RR) 0.74; 95% confidence interval (Cl) 0.47-1.17; P=0.19, I>=48%]. A series of sensitivity analyses suggested
that increased CPAP usage time yielded significant risk reduction in MACE. and stroke. Subgroup analysis revealed that
CPAP adherence time >4 hours (h)/night reduced the risk of MACE by 57% (RR 0.43; 95% Cl 0.23-0.80; P=0.01,
[*=0%). CPAP therapy showed no beneficial effect on myocardial infarction (M), all-cause mortality, atrial fibrillation/
flutter (AF), or heart failure (HF) (P>0.05). CPAP had positive effect on mood and reduced the daytime sleepiness
[Epworth Sleepiness Scale (ESS): mean difference (MD) -2.50, 95% Cl-3.62, -1.39; P<0.001, I*=81%].

Conclusion CPAP therapy might reduce MACE and stroke among subjects with CPAP time exceeding 4 h/night. Additional
randomized trials mandating adequate CPAP time adherence are required to confirm this impression.

Keywords Continuous airway pressure e Obstructive sleep apnoea e Cardiovascular events e Stroke

Introduction 0.91-1.32; P=0.34]. However, the same trial observed a non-

The European Society of Cardiology (ESC) acknowledges the
direct relation of obstructive sleep apnoea (OSA) with cardiovas-
cular (CV) events. Continuous positive airway pressure (CPAP)
therapy is the gold standard available to alleviate OSA." However,
CPAP effects on CV morbidity and mortality remain unproven.
The Sleep Apnea Cardiovascular Endpoints (SAVE) trial has
addressed this issue by assessing the effects of CPAP therapy in
patients with moderate—to-severe OSA bearing clinically signifi-
cant CV disease.” The SAVE trial suggested that CPAP therapy
failed to reduce CV events with a mean CPAP usage time of
3.3 h/night [hazard ratio (HR) 1.10, 95% confidence interval (Cl)

significant trend in favour of the CPAP arm when data were
adjusted for better compliance time (>4 h/night) (HR 0.80, 95%ClI
0.60-1.07; P=0.13). Similar favourable trend with adequate
nightly CPAP time (>4 h/night) was noticed in The Randomized
Intervention with CPAP in Coronary Artery Disease (CAD) and
Sleep Apnea (RICCADSA) study and by Barbe and colleagues.®*

This led to a hypothesis that increasing CPAP adherence time can
have positive impact on CV morbidity and mortality. Previous reports
were either limited to assessing change in left ventricular dysfunction,
blood pressure, or mortality or were published before the contem-
porary RICCADSA and SAVE trials.>**® Consequently, we per-
formed a meta-analysis to address these issues.

* Corresponding author. Tel: +1570 867 3444, Fax: +1570887 5352, Email: safinmc@gmail.com

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2017. For permissions, please email: journals.permissions@oup.com.
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Methods

Data sources and searches

Two authors (H.R. and M.L) carried out the search using MEDLINE,
EMBAGSE, and the Cochrane Library from inception to December 2016.
An electronic search was supplemented by review of the references cited
within this article. The search strategy is described in detail in supplemen
tary material. Duplicates were removed manually and through EndNote
X7 (Thompson ISI ResearchSoft, Philadelphia, PA, USA).

Study selection

The following inclusion criteria were set: (i) Only randomized controlled
trials (RCTs) with patients with moderate-to-severe OSA who were
randomized to either a CPAP therapy group or a control group (usual
care, oxygen therapy, or sham CPAP) were selected and (ii) the included
studies had to report outcomes of interest (see below) in an adult popu-
lation (aged >18years) with follow-up at >3 months. Initially 235 articles
were retrieved and after diligent screening 7 RCTs were included. Meta-
analysis is reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.” The study selection process is
illustrated in Figure 1.

Quality assessment and data extraction

Two authors (H.R. and M.L.) independently extracted the data using a
standardized collection form incorporating baseline characteristics,
events, sample size, mean, standard deviations, crude point estimates,
or standard error estimates. For continuous outcomes, the authors
extracted data on differences between the two interventions at the

time of follow-up in addition to any changes from baseline.
When possible, estimates adjusted for the baseline measurements
were selected. When reported, we acquired outcomes from an
intention-to-treat (ITT) analysis. Data were appraised by C.D. and
S.U.K., and discrepancies were resolved by discussion and agreement
or by third-party review. The risk of bias assessment was done at the
study level, and methodological quality assessment was done using
the Cochrane bias risk assessment tool® (see Supplementary material
online, Table ST).

Outcome measures

Primary outcome
Major adverse cardiovascular events (MACE): composite of myocardial
infarction (M), stroke, and CV mortality.

Secondary outcomes

Myocardial infarction, stroke, CV mortality, non-CV mortality, all-
cause mortality, atrial fibrillation/flutter (AF), heart failure (HF),
change in systolic blood pressure (SBP), diastolic blood pressure
(DBP), body mass index, Epworth Sleepiness Scale (ESS), and
Hospital Anxiety and Depression Scale (HADS). Definitions of the
endpoints are reported in the supplementary material.

Statistical analysis
Outcomes from all the studies were combined using the
DerSimonian and Laird random-effects model” Dichotomous

Figure | Search strategy: study selection process through preferred reporting items for systematic reviews and meta-analyses.
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Meta-analysis of CPAP therapy

estimates were reported as risk ratio (RR), and continuous variables
were reported as mean difference (MD) with 95% Cl. A P-value of
0.05 was set as significant. Heterogeneity was assessed using Q statis-
tics with /> with values >50% consistent with a high degree of
he‘cerogeneity.10

A series of sensitivity analyses to assess the impact of CPAP adher-
ence time on the primary endpoint and important CV outcomes
were performed. This included serial exclusion of studies with low
CPAP adherence time, exclusion of the SAVE trial which carried the
highest weight in pooled analysis, and by replacing the SAVE trial’s
ITT estimates with estimates of a pre-specified analysis (defined by
CPAP treatment at an average of >4h/night, using one-to-one
matching of CPAP adherers to patients from the usual care arm who
never used CPAP).2 A subgroup analysis based on CPAP adherence
analyses using

software version 2.2 (Biostat,

time was performed. All were conducted
Comprehensive  Meta-analysis

Englewood, NJ, USA).

Results

In seven RCTs (CPAP =2122 and control = 2146), mean age of study
participants was 62 years (range 52—71 years), 79.5% were male, 59%
had hypertension (HTN), 52% had CAD, and 33% had diabetes melli-
tus. Barbé et al* excluded patients with a prior CV history, and all

other studies studied CPAP for secondary prevention. The Heart
Biomarker Evaluation in Apnea Treatment (HeartBeat) trial reported
three arm comparisons [CPAP, healthy lifestyle and sleep education,
and nocturnal supplemental oxygen (NSO)]."" Data were extracted
from the CPAP and NSO arms for analysis. Baseline characteristics of
the participants are reported in Table 1, whereas Table 2 contains the
results for the entire study population. Study characteristics are
described in detail in Supplementary material online, Table S2.

Primary outcomes

Major adverse cardiovascular events: at mean follow-up duration of
37 months and mean CPAP adherence time 3.5 h/night, CPAP ther-
apy did not significantly decrease the risk of MACE (RR 0.74, 95% ClI
0.47-1.17; P=0.19, I =48) (Figure 2). Stepwise exclusion of studies
with low CPAP usage time [a multicentre RCT and economic evalua-
tion of CPAP for the treatment of OSA syndrome in older people
(PREDICT) and RICADDSA] yielded a non-significant 43% risk
reduction in MACE with CPAP therapy.>'? The additional exclusion
of SAVE trial generated a significant 58% risk reduction in MACE.>
These results remained consistent even when the SAVE trial was
removed exclusively or when the SAVE trial's ITT estimates were
replaced with estimates of a pre-specified analysis in the sensitivity
analysis (Table 3). Similarly, in subgroup analysis, patients showed

Table I Baseline demographic details of studies
Barbe Fetal® PREDICT.">® Huangetal'® HeartBeat''"® Parraetal'® RICCADSA® SAVE’
Follow-up duration (months) 48 12 36 3 60 57 43
CPAP adherence time 4 2.2 45 35 4 3 33
(h/night)

Groups CPAP/no CPAP/no CPAP/no CPAP/NSO NCPAP/no CPAP/no CPAP/no
active active active active intervention active
intervention intervention Intervention intervention intervention

Sample size 357/366 140/138 36/37 97194 57169 122/122 1346/1341

Mean age (years) 52/52 7171 62/63 63/63 64/66 65/66 61/61

Male (%) 88/84 86/79 78/87 76169 72/70 82/86 81/81

Mean Epworth Sleepiness 6/6 12/12 9/8 8/9 7/5 517 717

Scale

Mean apnoea—hypopnoea  42/35 29/28 28/29 25/24 >20/20 28/29 29/29

index/h

Mean neck circumference 42/42 42/44 41/41 NR 41.9/42.3 NR 41/41

(cm)

Mean BMI (kg/m?) 31/31 34/34 28/28 33/35 30/29 28/28 29/28

Smoker (%) 32/36 84/80 53/62 4/11 46/32 18/14 16/15

Coronary artery 0/0 30/36 31/38 51/54 12.7/17.6 100/100 77181

disease (%)

Diabetes mellitus (%) NR/NR 29/31 33/38 47/43 38/37 28/20 30729

Hypertension (%) 53/50 70/75 NR/NR 84/88 60/63 69/59 79178

Previous stroke (%) NR/NR 1114 NR/NR NR/NR 100/100 NR/NR 53/54

“Results are reported for initial randomized population. In all, 17% lost during follow-up, and 83% of the remaining participants were included in final analysis.

®Information is reported for only CPAP and NSO groups.

CPAP, continuous positive airway pressure; HeartBeat, The Heart Biomarker Evaluation in Apnea Treatment; NR, not reported; NSO, nocturnal supplemental oxygen;
PREDICT, A multicentre randomized controlled trial and economic evaluation of continuous positive airway pressure for the treatment of obstructive sleep apnoea syndrome
in older people; RICCADSA, The Randomized Intervention with CPAP in Coronary artery disease and OSA; SAVE, sleep apnoea cardiovascular endpoints.
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Table 2 Estimates in entire population

Outcomes Number of studies (n) Risk ratio (95% CI) P-value (1)
MACE 7 (4268) 0.74 (0.47-1.17) 0.19 (48)
Ml 7 (4268) 0.99 (0.57-1.72) 0.98 (19)
Stroke 7 (4268) 0.95 (0.72-1.24) 0.69 (0)
CV mortality 5(3853) 0.70 (0.27-1.80) 0.46 (35)
Non-CV mortality 5(3853) 1.53 (0.61-3.82) 0.37 (54)
All-cause mortality 5(3853) 0.95 (0.67-1.34) 0.76 (0)
Atrial fibrillation/flutter 3(3102) 0.87 (0.38-1.97) 0.73 (47)
Heart failure 3(3483) 0.95 (0.53-1.73) 0.87 (0)
Mean difference (95% CI) P-value (I?)
Systolic blood pressure (mmHg) 4(2810) -1.44 (-3.96, 1.08) 0.26 (73)
Diastolic blood pressure (mmHg) 4(2810) -0.36 (-1.28, 0.56) 0.44 (0)
Epworth Sleepiness Scale 4 (3354) -2.50 (-3.62, -1.39) <0.001 (81)
BMI (kg/mz) 3 (1020) 0.45 (-014, 1.03) 0.14 (0)
Hospital Anxiety Depression Scale (anxiety) 2 (2640) -0.40 (-0.67, -0.13) <0.001 (0)
Hospital Anxiety Depression Scale (depression) 2 (2640) -0.70 (-1.09, -0.31) <0.001 (0)
CV, cardiovascular; Cl, confidence interval; MACE, major adverse cardiovascular events; MI, myocardial infarction; n, sample size.
Adverse Events Study Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio limit limit Z-Value p-Value weight
MACE Barbe F et al 0.55 0.23 1.27 -1.40 0.16 16.50
Huang et al 0.09 0.01 1.63 -1.63 0.10 2.39
Parra et al 0.38 0.15 0.97 -2.02 0.04 14.55
RICCADSA 0.81 0.45 1.46 -0.70 0.48 23.30
SAVE 1.10 0.88 1.37 0.84 0.40 34.89
HeartBeat 0.21 0.01 4.29 -1.02 0.31 ' 3 2.16
PREDICT 2.05 0.38 10.99 0.84 0.40 i.— 6.21
0.74 0.47 1.17 -1.30 0.19
MI  BarbeFetal 026 0.05 1.20 175 0.08 ——t 10.85
Huang et al 0.21 0.01 4.14 -1.03 0.30 i 3.21
Parra et al 3.62 0.15 87.21 0.79 0.43 2.87
RICCADSA 1.38 0.57 3.30 0.71 0.48 2577
SAVE 1.07 0.70 1.65 0.32 0.75 5112
HeartBeat 0.35 0.01 8.43 -0.65 0.52 . 2.86
PREDICT 7.18 0.38 137.51 1.31 0.19 . 332
0.99 0.57 1.72 -0.03 0.98
Stroke Barbe F et al 0.73 0.23 2.29 -0.54 0.59 5.70
Huang et al 0.15 0.01 2.74 -1.28 0.20 . 0.86
Parra et al 0.54 0.17 1.66 -1.08 0.28 5.84
RICCADSA 0.50 0.13 1.95 -1.00 0.32 3.97
SAVE 1.07 0.79 1.45 0.46 0.64 81.61
HeartBeat 0.35 0.01 8.43 -0.65 0.52 . 0.73
PREDICT 0.51 0.05 5.58 -0.55 0.58 . 1.30
0.95 0.72 1.24 -0.40 0.69 &
Cardiovascular mortality =~ Barbe F et al 3.08 0.13 75.24 0.69 0.49 . 7.61
Huang et al 0.34 0.01 8.14 -0.66 0.51 . 7.73
Parra et al 0.08 0.00 1.38 -1.74 0.08 —l—t 9.32
RICCADSA 043 0.11 162 -1.25 0.21 —il 27.22
SAVE 1.25 0.70 2.23 0.74 0.46 48.12
0.70 0.27 1.80 -0.74 0.46
0.01 0.1 1 10 100

Favours CPAP

Favours Control

Figure 2 Forest plot showing effect of continuous positive airway pressure (CPAP) vs. control on major adverse cardiovascular endpoints

(MACE), myocardial infarction (MI), stroke, and cardiovascular mortality.
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Table 3 Sensitivity analyses

Outcomes Estimates after Estimates after Estimates after Estimates after
excluding PREDICT excluding PREDICT, excluding SAVE only using SAVE’s
and RICCADSA RICCADSA, and SAVE ?pre-specified estimates
RR(95%Cl)  P-value () RR(95%CIl) P-value () RR(95%Cl) P-value () RR(95%CI) P-value ()
MACE 0.57 (0.28-1.17) 0.13 (61) 0.42 (0.23-0.76) <0.001 (0) 0.61(0.37-1.00) 0.05 (53) 0.70 (0.50-0.98) 0.04 (13)
M 0.73 (0.32-1.63) 0.44 (22) 0.37 (0.11-1.19)  0.10 (0) 0.87 (0.31-2.39) 0.78 (38) 1.03 (0.54-1.97) 0.92 (21)
Stroke 0.98 (0.74-1.29) 0.88 (0) 0.55(0.26-1.17)  0.12 (0) 0.54 (0.29-1.01) 0.05 (0) 0.56 (0.37-0.84) 0.01 (0)
CV mortality 0.76 (0.20-2.83) 0.68 (0) 040 (0.05-3.33) 040 (28)  0.41(0.14-1.19) 0.10 (68) 0.66 (0.30-1.46) 0.31 (11)
Non-CV mortality 1.51 (0.48-4.79) 0.48 (66) 2.86 (1.03-7.92)  0.04 (0) 2.60 (1.09-6.20) 0.03 (0) 1.43 (0.44-4.63) 0.55 (65)
All-cause mortality 0.98 (0.67-1.41) 0.90 (0) 118 (0.44-3.14)  0.74(26)  0.99 (0.54-1.84) 0.98 (0) 0.81(0.53-1.24) 0.33 (1)

?Pre-specified estimates are reported at CPAP duration >4 h/night.

Cl, confidence interval; CV, cardiovascular; MACE, major adverse cardiovascular events; M, myocardial infarction; PREDICT, A multicentre randomized controlled trial and
economic evaluation of continuous positive airway pressure for the treatment of obstructive sleep apnoea syndrome in older people; RICCADSA, The Randomized
Intervention with CPAP in Coronary artery disease and OSA; SAVE, sleep apnoea cardiovascular endpoints.

consistent reduction in MACE when CPAP was used >4 h/night (RR
0:43,95% C10.23-0.80; P = 0.01, /* = 0%; Figure 3).

Secondary outcomes

Continuous positive airway pressure therapy failed to reduce the risk
of MI, CV mortality, non-CV mortality, all-cause mortality, AF, or HF.
However, in the sensitivity analyses, the removal of SAVE trial and
using the trial’s pre-specified estimates showed a significant risk
reduction in stroke.” The CPAP therapy was associated with non-
significant improvement in both SBP (MD -1.44, 95%Cl -3.96, -1.08;
P=0.26, *=70) and DBP (MD -0.36, 95% CI -1.28, 0.56; P=0.44,
[*=0). The CPAP therapy significantly reduced the events of daytime
sleepiness and had a positive impact on mood by reducing HADS.

Discussion

Treatment with CPAP has been widely implemented in both the
inpatient and the outpatient settings. Although CPAP greatly enhan-
ces the quality of life and functionality of OSA subjects, the effects of
CPAP on CV events remained undefined."”'® In this review, we
report a non-significant 26% risk reduction in MACE with a mean
CPAP usage time of 3.5 h/night. Continuous positive airway pressure
also failed to significantly reduce MI, CV mortality, total mortality, AF,
and HF (Table 2). However, a series of sensitivity analyses confirmed
that increased nightly CPAP duration resulted in a favourable effect
on MACE, predominantly driven by a significant reduction in stroke
(Table 3). These results are new and contradictive to previous
reports.”

Accumulating evidence has shown a clear association between
OSA and the incidence of ischaemic stroke.'”™"? The Sleep Heart
Health Study reported a higher incidence of stroke in male patients
whose obstructive apnoea—hypopnoea index (AHI) was in the high-
est quartile (AHI>19) compared to patients whose AHI was in the
lowest quartile (AHI<4) (adjusted HR 2.86, 95% Cl 1.10-7.39).%°
However, sleep-disordered breathing has been a frequent observa-
tion (40—75% of patients have an AHI> 10) in patients presenting

with an acute ischaemic stroke.'”?™ The notion that OSA is a
potential risk factor for ischaemic stroke is mostly derived from evi-
dence in heart disease and HTN.>* The proposed mechanisms
include a multitude of factors: intrathoracic pressure swings, blood
pressure (BP) variations, changes in cerebral autoregulation and
blood flow, endothelial dysfunction, metabolic dysregulation, pro-
gression of atherosclerosis, and pro-inflammatory states.'®** By con-
trolling OSA, CPAP therapy can potentially attenuate this
pathological cascade and its deleterious effects'® (Figure 4). For
instance, Foster et al*> demonstrated that a diminished cerebrovas-
cular response to hypoxia among OSA patients was normalized after
4—6 weeks of CPAP therapy. The clinical implications of these effects
are further reflected in RCTs.>"™ Parra et al'* reported that early
CPAP treatment improved long-term CV survival in ischaemic stroke
patients with moderate-to-severe OSA (CPAP vs. control: 100% vs.
89.9%, log-rank test 5.887, P=0.015).

The dose—response relationship between CPAP duration and its
treatment effect has been supported by former studies, wherein
reduction of CV events was only demonstrated at improved CPAP
usage time (average nightly duration >4 h/night).>™ Investigators of
SAVE recommended cautious interpretation of their adjusted results,
given the involvement of potential confounders.> However, a specific
and consistent pattern of improved outcomes at better CPAP adher-
ence time highlights the need for clinical trials designed to assess and
validate the effects of CPAP quality and nightly usage time on CV out-
comes. Investigators of the CPAP in patients with acute coronary
syndrome (ACS) and OSA (ISAACC) trial are actively recruiting
OSA patients with an AHI > 15/h with ACS and ESS <10 to monitor
the effects of prolonged CPAP therapy >4 h/day on CV events.*®
The results from this study may direct further investigations.

The favourable effects of CPAP on systemic HTN have been well
established in the literature. Studies using 24h of BP monitoring
showed improvement in both SBP (up to 2.5 mmHg) and DBP (up to
2mmHg) with CPAP and even better response for resistant HTN
(SBP up to 7.2mmHg and DBP up to 4.9 mmHg) when compared
with suboptimal or conservative management.”’>* Although our
results did not demonstrate a statistically significant reduction in BP
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Risk Lower Upper Relative
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=< 4 bours/ night MACE  RICCADSA 0.81 045 146 -0.70 0.48 -q- 1198
HeartBeat 0.21 0.01 429 -1.02 031 L 0.45
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Figure 3 Forest plot showing subgroup analyses with regard to continuous positive airway pressure (CPAP) adherence time on major adverse
cardiovascular endpoints (MACE), myocardial infarction (MI), stroke, and cardiovascular mortality.

with CPAP, a favourable trend was apparent. The BP response can
be extremely variable depending on the severity of OSA, baseline
HTN, and CPAP usage time. The impact of CPAP adherence time on
HTN was demonstrated in the Effect of CPAP on BP in Patients With
OSA and Resistant HTN (HIPARCO) trial where a linear correlation
(decrease of 1.9mmHg SBP and 1 mmHg DBP for each additional
hour of CPAP therapy) was observed.> Given the strong association
of HTN with CV events, these significant reductions in SBP can also
result in better CV outcomes over a period of time.

Current review includes patient with a mean age of 62years,
79.5% were men, ESS was 7.7, and AHI was 28/h. Although none of
these factors have shown strong association with CPAP adherence,
the literature is also inconsistent regarding the influence of these fac-
tors on CV outcomes.>® For instance, it is under debate whether AHI
or nocturnal hypoxaemia is a better predictor of mortality in cardiac
patients. In a systematic review, 18 of 26 studies were shown to have
a direct and statistically significant association of AHI with CV
events.®® Conversely, there are data relating nocturnal hypoxaemic
burden (time with oxyhaemoglobin saturation <90%) as an inde-
pendent predictor of mortality.>**” With regard to age, OSA patients
around 3075 years are found to carry higher CV risk than the elderly
population.®*?%3? Furthermore, females are in general much less rep-
resented in the literature. This may have occurred as the estimated

prevalence of OSA is greater in adult males (24%) compared to
females (9%) or due to referral or survivor bias by which only healthier
older men were referred for a sleep study.™® There are also some
observational data indicating an association of daytime sleepiness with
mortality and CV disease.*"** Epworth Sleepiness Scale remained the
most widely used screening tool for the assessment of daytime sleepi-
ness in clinical and research settings."*> We confirm numerous former
reports that CPAP therapy has a remarkable impact on quality of life
by reducing daytime sleepiness and improving the mood of patients.
Adequate CPAP adherence remains a challenging issue.** One
potential concern is that different CPAP modalities [i.e. auto-CPAP
(APAP) or fixed CPAP], as shown in the studies contained in current
review, can affect adherence.** However, this is not supported by a
meta-analysis showing comparable outcomes between APAP and
standard CPAP with regard to improvement in CPAP adherence
(estimate of improvement 0.20 h/night, 95% CI -0.16, 0.57; P=0.28),
AHI, and ESS.* To improve the overall quality of CPAP, it is essential
that ever critical elements that can affect compliance be addressed.
Continual CPAP education, adequate monitoring, feedback, and close
follow-up can make a tremendous difference on the quality of CPAP
therapy. Other common barriers to compliance include claustropho-
bia; physical limitations related to nasal resistance and improperly fit-
ted masks, airway humidification, and bed partner perception of the
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Figure 4 Centralillustration showing effect of continuous positive airway pressure (CPAP) therapy in reducing cardiovascular events.

treatment.** Therefore, a multidisciplinary approach is required to
address these issues and achieve the desired results. Moreover, given
the emerging role of technological advancements such as tele moni-
toring and Web applications, future studies should include these
technologies to explore their impact on CPAP compliance.*®

Limitations

This meta-analysis is hampered by several limitations. First, there is a
considerable degree of heterogeneity with regard to the different
study designs, burden of co-morbidities, methods of CPAP applica-
tion, and sleep evaluation. Second, as highly symptomatic patients
had been excluded from the majority of RCTs as it would have been
considered unethical to withhold treatment in this population, this
review predominantly generates evidence in patients with mild-to-
moderate symptoms. Third, adjustments were not made for the sub-
set of patients with severe nocturnal hypoxaemia and not reporting
timing of CPAP (i.e. early vs. late at night). This is an important factor
to consider, because duration of apnaeic or hypopnaeic events and
severity of oxygen desaturation tends to worsen during rapid eye
movement (REM) sleep compared with non-REM sleep. REM sleep
has been associated with HTN, which can then impact CV outcome.
Fourth, since most of the evidence is derived from patients with clini-
cally active CV disease, the favourable CV effects of CPAP may be
limited for secondary prevention. Fifth, since the publication bias was
not assessed due to smaller number of studies, it is a potential limita-
tion. Finally, it is also possible that the study population and duration
of follow-up along with the inherent event rates of the populations

studied were not adequately powered to generate statistically signifi-
cant effects on CV endpoints.

Conclusions

This meta-analysis suggests that in subjects with moderate—to-severe
OSA, CPAP compliance for the duration of >4 h/night may reduce
the risk of MACE driven mostly by reducing the risk of stroke.
Additional RCTs with improved CPAP quality and duration are
required to confirm these observations. CPAP therapy results in a
favourable effect on mood and daytime sleepiness.

Supplementary material

Supplementary material is available at European Heart Journal online.

Acknowledgements

We acknowledge James Walsh, MD, for his valuable input regarding
CPAP dynamics.

Conflict of interest: none declared.

References

1. F. Piepoli M. 2016 European guidelines on cardiovascular disease prevention in
clinical practice: The Sixth Joint Task Force of the European society of
Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of 10 societies and by invited experts).
Int | Behav Med 2017;24:321-419.


Deleted Text:  <sup>43</sup>
Deleted Text: .
Deleted Text: w
Deleted Text: ;
Deleted Text:  <sup>45</sup>
Deleted Text: .
Deleted Text: s
Deleted Text: ly
Deleted Text: thus the current
Deleted Text:  
Deleted Text:  
Deleted Text: to
Deleted Text: hence 
Deleted Text: F
Deleted Text:  
Deleted Text:  
Deleted Text: &thinsp;
Deleted Text: &thinsp;
Deleted Text:  
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehx597#supplementary-data
Deleted Text: <bold>:</bold> 
Deleted Text: s

S.U. Khan et al.

N

w

>

(%,

o

~

®

el

20.

2

=

22.

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 ], Arima H, Neal B, White DP,
Grunstein RR, Zhong N, Anderson CS. CPAP for prevention of cardiovascular
events in obstructive sleep apnea. N Engl | Med 2016;375:919-931.

. Peker Y, Glantz H, Eulenburg C. Effect of positive airway pressure on cardiovas-

cular outcomes in coronary artery disease patients with nonsleepy obstructive
sleep apnea. The RICCADSA Randomized Controlled Trial. Am J Respir Crit Care
Med 2016;194:613-620.

Barbé F, Duran-Cantolla J, Sdnchez-de-la-Torre M, Martinez-Alonso M, Carmona
C, Barceld A, Chiner E, Masa JF, Gonzalez M, Marin JM, Garcia-Rio F, Diaz de
Atauri J, Terdn J, Mayos M, de la Pena M, Monasterio C, del Campo F,
Montserrat JM. 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.

. Guo J, Sun Y, Xue LJ, Huang ZY, Wang YS, Zhang L, Zhou GH, Yuan LX. Effect

of CPAP therapy on cardiovascular events and mortality in patients with obstruc-
tive sleep apnea: a meta-analysis. Sleep Breath 2016;20:965-974.

Aggarwal S, Nadeem R, Loomba RS, Nida M, Vieira D. The effects of continuous
positive airways pressure therapy on cardiovascular end points in patients with
sleep-disordered breathing and heart failure: a meta-analysis of randomized con-
trolled trials. Clin Cardiol 2014;37:57—65.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P,
Stewart LA. Preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015 statement. Syst Rev 2015;4:1.

Higgins JPT, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, Savovi¢ |,
Schulz KF, Weeks L, Sterne JAC. The Cochrane collaboration’s tool for assessing
risk of bias in randomised trials. BMJ 2011;343:d5928.

. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7:

177-188.

. Higgins JPT, Thompson SG, Deeks ), Altman DG. Measuring inconsistency in

meta-analyses. BMJ 2003;327:557-560.

. 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 oxy-
gen in obstructive sleep apnea. N Engl | Med 2014;370:2276-2285.

. McMillan A, Bratton D), Faria R, Laskawiec-Szkonter M, Griffin S, Davies R|,

Nunn AJ, Stradling JR, Riha RL, Morrell MJ. Continuous 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.

. Huang Z, Liu Z, Luo Q, Zhao Q, Zhao Z, Ma X, Liu W, Yang D. Long-term

effects of continuous positive airway pressure on blood pressure and prognosis
in hypertensive patients with coronary heart disease and obstructive sleep apnea:
a randomized controlled trial. Am | Hypertens 2015;28:300-306.

. Parra O, Sdnchez-Armengol A Capote F, Bonnin M, Arboix A, Campos-

Rodriguez F, Pérez-Ronchel J, Durdn-Cantolla J, Martinez-Null C, de la Pena M,
Jiménez MC, Masa F, Casadon |, Alonso ML, Macarrén JL. Efficacy of continuous
positive airway pressure treatment on 5-year survival in patients with ischaemic
stroke and obstructive sleep apnea: a randomized controlled trial. J Sleep Res
2015;24:47-53.

. Antic NA, Catcheside P, Buchan C, Hensley M, Naughton MT, Rowland S,

Williamson B, Windler S, McEvoy RD. The effect of CPAP in normalizing day-
time sleepiness, quality of life, and neurocognitive function in patients with mod-
erate to severe OSA. Sleep 2011;34:111-119.

. Javaheri S, Barbe F, Campos-Rodriguez F, Dempsey JA, Khayat R, Javaheri S,

Malhotra A, Martinez-Garcia MA, Mehra R, Pack Al, Polotsky VY, Redline S,
Somers VK. Sleep apnea: types, mechanisms, and clinical cardiovascular conse-
quences. | Am Coll Cardiol 2017; 69:841-858.

. Johnson KG, Johnson DC. Frequency of sleep apnea in stroke and TIA patients:

a meta-analysis. | Clin Sleep Med 2010;6:131-137.

. Arzt M, Young T, Finn L, Skatrud JB, Bradley TD. Association of sleep-disordered

breathing and the occurrence of stroke. Am | Respir Crit Care Med 2005;172:
1447-1451.

. Bassetti CL, Milanova M, Gugger M. Sleep-disordered breathing and acute ische-

mic stroke: diagnosis, risk factors, treatment, evolution, and long-term clinical
outcome. Stroke 2006;37:967-972.

Redline S, Yenokyan G, Gottlieb D), 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.

. Dyken ME, Somers VK, Yamada T, Ren ZY, Zimmerman MB. Investigating the

relationship between stroke and obstructive sleep apnea. Stroke 1996;27:
401-407.

Parra O, Arboix A, Bechich S, Garcia-Eroles L, Montserrat JM, Lépez JA,
Ballester E, Guerra JM, Sopena JJ. Time course of sleep-related breathing disor-

2

w

24.

25.

26.

27.

28.

29.

30.

3

=

32.

3

w

34.

35.

36.

37.

38.

39.

40.

4

sy

ders in first-ever stroke or transient ischemic attack. Am | Resp Crit Care Med
2000;161:375-380.

. Iranzo A, Santamaria }, Berenguer |, Sanchez M, Chamorro A. Prevalence and

clinical importance of sleep apnea in the first night after cerebral infarction.
Neurology 2002;58:911-916.

Harbison |, Ford GA, James OF, Gibson GJ. Sleep-disordered breathing following
acute stroke. QM 2002;95:741-747.

Foster GE, Hanly PJ, Ostrowski M, Poulin M]. Effects of continuous positive air-
way pressure on cerebral vascular response to hypoxia in patients with obstruc-
tive sleep apnea. Am J Respir Crit Care Med 2007;175:720-725.

Esquinas C, Sdnchez-de-la Torre M, Aldoma A, Florés M, Martinez M, Barceld A,
Barbé F. 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.

Bratton D), Stradling JR, Barbe F, Kohler M. Effect of CPAP on blood pressure in
patients with minimally symptomatic obstructive sleep apnoea: a meta-analysis
using individual patient data from four randomised controlled trials. Thorax 2014;
69:1128-1135.

Bakker JP, Edwards BA, Gautam SP, Montesi SB, Duran-Cantolla J, Aizpuru F,
Barbe F, Sanchez-de-la-Torre M, Malhotra A. Blood pressure improvement with
continuous positive airway pressure is independent of obstructive sleep apnea
severity. | Clin Sleep Med 2014;10:365-369.

Montesi SB, Edwards BA, Malhotra A, Bakker JP. The effect of continuous
positive airway pressure treatment on blood pressure: a systematic review
and meta-analysis of randomized controlled trials. J Clin Sleep Med 2012;8:
587-596.

Haentjens P, Van Meerhaeghe A, Moscariello A, De Weerdt S, Poppe K, Dupont
A, Velkeniers B. The impact of continuous positive airway pressure on blood
pressure in patients with obstructive sleep apnea syndrome: evidence from a
meta-analysis of placebo-controlled randomized trials. Arch Int Med 2007;167:
757-764.

. Liu L, Cao Q, Guo Z, Dai Q. Continuous positive airway pressure in patients

with obstructive sleep apnea and resistant hypertension: a meta-analysis of
randomized controlled trials. | Clin Hypertens (Greenwich) 2016;18:153—158.
Muxfeldt ES, Margallo V, Costa LM, Guimaraes G, Cavalcante AH, Azevedo |JC,
de Souza F, Cardoso CR, Salles GF. Effects of continuous positive airway pres-
sure treatment on clinic and ambulatory blood pressures in patients with
obstructive sleep apnea and resistant hypertension: a randomized controlled
trial. Hypertension 2015;65:736—742.

. Iftikhar IH, Valentine CW, Bittencourt LR, Cohen DL, Fedson AC, Gislason T,

Penzel T, Phillips CL, Yu-Sheng L, Pack Al, Magalang UJ. Effects of continuous
positive airway pressure on blood pressure in patients with resistant hyperten-
sion and obstructive sleep apnea: a meta-analysis. | Hypertens 2014;32:
2341-2350; discussion 2350.

Martinez-Garcia M-A, Capote F, Campos-Rodriguez F, Lloberes P, Diaz de
Atauri MJ, Somoza M, Masa JF, Gonzdlez M, Sacristdn L, Barbé F, Durdn-Cantolla
J, Aizpuru F, Manas E, Barreiro B, Mosteiro M, Cebridn |}, de la Pena M, Garcia-
Rio F, Maimé A, Zapater |, Herndndez C, Grau SanMarti N, Montserrat JM.
Effect of CPAP on blood pressure in patients with obstructive sleep apnea and
resistant hypertension: the HIPARCO randomized clinical trial. JAMA 2013;310:
2407-2415.

Kendzerska T, Mollayeva T, Gershon AS, Leung RS, Hawker G, Tomlinson G.
Untreated obstructive sleep apnea and the risk for serious long-term adverse
outcomes: a systematic review. Sleep Med Rev 2014;18:49-59.

Punjabi NM, Caffo BS, Goodwin JL, Gottlieb DJ, Newman AB, O’Connor GT,
Rapoport DM, Redline S, Resnick HE, Robbins JA, Shahar E, Unruh ML, Samet
JM, Patel A. Sleep-disordered breathing and mortality: a prospective cohort
study. PLoS Med 2009;6:e1000132.

Oldenburg O, Wellmann B, Buchholz A, Bitter T, Fox H, Thiem U, Horstkotte
D, Wegscheider K. Nocturnal hypoxaemia is associated with increased mortality
in stable heart failure patients. Eur Heart | 2016;37:1695-1703.

Lavie P, Lavie L, Herer P. All-cause mortality in males with sleep apnoea syn-
drome: declining mortality rates with age. Eur Respir | 2005;25:514-520.

Gottlieb DJ, Yenokyan G, Newman AB, O’Connor GT, Punjabi NM, Quan SF,
Redline S, Resnick HE, Tong EK, Diener-West M, Shahar E. Prospective study of
obstructive sleep apnea and incident coronary heart disease and heart failure:
the sleep heart health study. Circulation 2010;122:352-360.

Gonzaga C, Bertolami A, Bertolami M, Amodeo C, Calhoun D. Obstructive sleep
apnea, hypertension and cardiovascular diseases. | Hum Hypertens 2015;29:
705-712.

. Newman AB, Spiekerman CF, Enright P, Lefkowitz D, Manolio T, Reynolds CF,

Robbins J. Daytime sleepiness predicts mortality and cardiovascular disease in
older adults. The Cardiovascular Health Study Research Group. | Am Geriatr Soc
2000;48:115-123.



Meta-analysis of CPAP therapy

42. Lee CH, Ng WY, Hau W, Ho HH, Tai BC, Chan MY, Richards AM, Tan HC.
Excessive daytime sleepiness is associated with longer culprit lesion and adverse out-
comes in patients with coronary artery disease. | Clin Sleep Med 2013;9:1267-1272.

43. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepi-
ness scale. Sleep 1991;14:540-545.

44. Weaver TE, Grunstein RR. Adherence to continuous positive airway pressure ther-
apy: the challenge to effective treatment. Proc Am Thorac Soc 2008;5:173-178.

45. Ayas NT, Patel SR, Malhotra A, Schulzer M, Malhotra M, Jung D, Fleetham J,
White DP. Auto-titrating versus standard continuous positive airway pressure
for the treatment of obstructive sleep apnea: results of a meta-analysis. Sleep
2004;27:249-253.

46. Hostler JM, Sheikh KL, Andrada TF, Khramtsov A, Holley PR, Holley AB. A
mobile, web-based system can improve positive airway pressure adherence.
J Sleep Res 2017;26:139-146.



	ehx597-TF1
	ehx597-TF2
	ehx597-TF3
	ehx597-TF4
	ehx597-TF5
	ehx597-TF6

