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Effect of continuous positive airway pressure 
therapy on stroke risk and rehabilitation in 
population with obstructive sleep apnea: A PRISMA-
compliant systematic review and meta-analysis
Chenlu Zhang, Yalan Fang

Department of Neurology, First Hospital, Shanxi Medical University, Taiyuan,   Shanxi Province, China

Abstract 

Background: Previous studies reported inconsistent results regarding the effect of continuous positive 
airway pressure (CPAP) therapy on stroke risk and rehabilitation in population with obstructive sleep 
apnea (OSA). The present study aimed to make a meta-analysis to explore the effect of CPAP therapy 
on stroke risk and rehabilitation in OSA. Methods: Articles published in English before March 2021 
in the databases as follows: PubMed, Medline, Web of Science, EMBASE and Google Scholar. For 
the effect of CPAP therapy on risk of stroke. We computed the results of relative risk (RR) or hazard 
ratio (HR) and 95% confidence intervals (CIs) regarding the effect of CPAP therapy on risk of stroke. 
For the effect of CPAP therapy on stroke rehabilitation, the standardized mean differences (SMD) 
in change rates of National Institute of Health stroke scale (NIHSS) or Canadian Neurological Scale 
(CNS) scores with a 95% CI was obtained with STATA 12.0 software to estimate the treatment effect. 
Results: The study indicated no significant effect of CPAP therapy on stroke risk in patients with OSA 
(RR/HR = 0.67, 95% CI 0.39 to 1.16, I2 = 84.1%, p < 0.001). However, the study showed a better 
neurological outcome in OSA patients with stroke treated with CPAP plus usual care, compared to 
those treated with usual-care (SMD = 0.45, 95% CI 0.03 to 0.87, I2 = 73.9%, p = 0.001).
Conclusion: The present study showed that CPAP therapy did not prevent stroke in patients with 
OSA. However, the study showed a neurofunctional improvement with CPAP therapy in OSA patients 
with stroke.
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INTRODUCTION

As known, obstructive sleep apnea (OSA) is 
related to cardiovascular diseases (CVD) such as 
coronary artery disease, arrhythmia, hypertension, 
heart failure and stroke.1 At present, continuous 
positive airway pressure (CPAP) is the most 
effective therapy for OSA.2 CPAP therapy could 
improve the breathing pattern during sleep, 
resulting in improvement of health status and 
depressive symptoms.3 In addition, meta-analyses 
showed that treatment with CPAP was associated 
with a significantly lower risk of major adverse 
cardiovascular event (MACE). Regarding the 
effect of CPAP therapy on stroke risk in OSA, 
Molnar et al. reported that CPAP treated OSA-
positive patients showed decreased risk of stroke, 
compared to untreated OSA-positive patients.4 
However, other studies showed no significant 

effect of CPAP therapy on stroke risk in OSA.5,6 
The present study aimed to make a meta-analysis 
to explore the effect of CPAP therapy on stroke 
risk in OSA.
 In addition, the estimated prevalence of OSA 
is 38% to 70% in stroke patients.7 Some studies 
showed that CPAP treatment improves neurologic 
outcomes of stroke patients with OSA.8,9 However, 
some studies showed no significant effect of 
CPAP treatment on rehabilitation in OSA.10,11 
The present study aimed to make a meta-analysis 
to explore the effect of CPAP therapy on stroke 
rehabilitation in OSA.

METHODS

This study was based on the Preferred Reporting 
Items for Systematic reviews and Meta-Analysis 
(PRISMA) guideline.12
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Search strategy and selection criteria

Articles published in English before March 2021 
in the databases as follows: PubMed, Medline, 
Web of Science, EMBASE and Google Scholar. 
These search terms: (‘continuous positive airway 
pressure’ OR ‘CPAP’) AND (‘stroke’) were used. 
After eliminating duplicates, 645 studies were 
included. For the effect of CPAP therapy on risk 
of stroke in population with OSA, we included 
cohort studies and randomized controlled trials 
(RCTs), reporting relative risk (RR) or hazard ratio 
(HR) and 95% CI associated with CPAP therapy 
and risk of stroke. For the effect of CPAP therapy 
on stroke rehabilitation in population with OSA, 
we included studies with randomized clinical trials 
(RCTs) design and investigating the influence 
of CPAP therapy on scores of National Institute 
of Health stroke scale (NIHSS) or Canadian 
Neurological Scale (CNS). We excluded meta-
analyses, reviews and case reports. 

Data extraction and analysis

STATA 12.0 software was applied to compute 
results extracted from included studies. The 
following data were extracted from included 
studies: Author, publication year, study type, 
subgroups, numbers of participants, information 
of included participants (age and gender), body 
mass index (BMI), apnea-hypopnea index (AHI), 
CPAP use time, follow-up years, events for 
analysis, adjustment factor and results. We used 
Q test and I2 to evaluate heterogeneities between 
studies. When the heterogeneity was high (p value 
for Q test ≤ 0.05), we used random effects models 
as pooling methods; with low heterogeneity (p 
value for Q test . 0.05), fixed effects models 
were used as pooling methods. For the effect of 
CPAP therapy on risk of stroke, we computed the 
results (RRs or HRs and 95% confidence intervals 
(CIs) regarding the effect of CPAP therapy on 
risk of stroke). For the effect of CPAP therapy 
on stroke rehabilitation, the standardized mean 
differences (SMD) in change rates of NIHSS or 
CNS scores with a 95% CI was obtained with 
STATA 12.0 software to estimate the treatment 
effect. In addition, we applied subgroup analyses 
and meta-regression analyses to investigate source 
of the heterogeneity. We used sensitivity analysis 
to assess the stabilization of the study. Finally, 
we used Begg’s test, Egger’s test and funnel plot 
to assess publication bias. 

RESULTS

Study selection and characteristics

Figure 1 illustrated the selection procedures and 
results. Characteristics of the finally included 
18 studies were showed in Supplementary 
Tables 1 and 2. For the effect of CPAP therapy 
on risk of stroke, the study included 4 cohort 
studies4,13-15 (including 3,006 OSA patients with 
CPAP treatment and 25,857 OSA patients without 
treatment) and 7 RCTs5,6,16-20 (including 3,006 OSA 
patients with CPAP plus usual care treatment and 
23,158 OSA patients with usual-care). In addition, 
the study included 7 RCTs.8-11,21-23 including 190 
OSA patients with CPAP plus usual care treatment 
and 191 OSA patients with usual-care to evaluate 
the effect of CPAP therapy on stroke rehabilitation 
in population with OSA. 

Meta-analysis results

The study indicated no significant effect of CPAP 
therapy on stroke risk in patients with OSA (RR/
HR = 0.67, 95% CI 0.39 to 1.16, I2 = 84.1%, p 
< 0.001, Figure 2). In addition, subgroup study 
showed no significant effect of CPAP therapy on 
stroke risk in patients with OSA in both RCTs and 
cohort studies (RCTs: HR = 0.91, 95% CI 0.68 to 
1.22, I2 = 0.0%, p = 0.532; cohort studies: RR = 
0.60, 95% CI 0.28 to 1.30, I2 = 87.0%, p < 0.001; 
Figure 3). Subgroup study showed that therapy 
with CPAP did not prevent stroke in patients with 
OSA in both Caucasian and Asian populations 
(Caucasian: RR/HR = 0.67, 95% CI 0.34 to 1.34, 
I2 = 87.4%, p < 0.001; Asian: RR/HR = 0.73, 95% 
CI 0.45 to 1.19, I2 = 0.0%, p = 0.402; Figure 4). 
Meta-regression analysis showed that gender, age, 
AHI and follow-up time were not responsible for 
heterogeneity across studies (gender: p = 0.992; 
age: p = 0.698; AHI: p = 0.959; follow-up time: p 
= 0.673). Sensitivity analysis showed no changes 
in direction of effect when any one study was 
excluded in the meta-analysis (Supplementary 
Figure 1. A). No significant risk of publication 
bias was showed for the meta-analysis by Begg’s 
test, Egger’s test and funnel plot (Begg’s test: p 
= 0.213; Egger’s test: p = 0.125; Supplementary 
Table 2. A). 
 The study showed a better neurological 
outcome in OSA patients with stroke treated with 
CPAP plus usual care, compared to those treated 
with usual-care (SMD = 0.45, 95% CI 0.03 to 
0.87, I2 = 73.9%, p = 0.001; Figure 5). Sensitivity 
analysis showed no changes in direction of 
effect when any one study was excluded in the 



245

meta-analysis (Supplementary Figure 1. B). No 
significant risk of publication bias was showed 
for the meta-analysis by Begg’s test, Egger’s test 
and funnel plot (Begg’s test: p = 0.881; Egger’s 
test: p = 0.109; Supplementary Table 2. B). 

DISCUSSION

The present study showed no significant effect of 
CPAP therapy on stroke risk in patients with OSA. 
However, the study showed a better neurological 
outcome in OSA patients with stroke treated with 
CPAP plus usual care, compared to those treated 
with usual-care.
 Regarding the effect of CPAP therapy on 
stroke risk in OSA, the present study showed that 
CPAP therapy did not prevent stroke in patients 
with OSA. The present study included 4 cohort 
studies and 7 RCTs. A previous meta-analysis with 
cohort studies showed that treatment with CPAP 
was associated with a lower incidence of stroke 

(RR: 0.27, 95%CI: 0.14-0.5).24 But this result 
could not be reproduced in the RCTs and the 
studies using administrative data.24 Molnar et al. 
reported that CPAP treated OSA patients showed 
decreased risk of stroke, compared to untreated 
OSA patients in a cohort study.4 RCTs were with 
shorter follow-up period than cohort studies and 
showed limited power to evaluate the effect of 
CPAP on stroke separately.17 However, meta-
regression analysis in the present study showed 
no effect of follow-up period on the heterogeneity 
between included studies. Additionally, in some 
studies, OSA patients with CPAP therapy might 
show more severe OSA, compared to untreated 
group.25 Thus, more prospective studies were 
essential to explore the effect of CPAP therapy 
on stroke risk in OSA. 
 Addi t ional ly,  th is  s tudy showed a 
neurofunctional improvement with CPAP 
therapy in OSA patients with stroke. This result 
correspond to a recent meta-analysis including 

Figure 1. Flow of information through the different phases of a meta-analysis. Abbreviations: CI, confidence 
interval; CNS, Canadian Neurological Scale; CPAP, continuous positive airway pressure; HR, hazard 
ratio; NIHSS, National Institute of Health stroke scale; OSA, obstructive sleep apnea; RR, relative risk.
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Figure 2. Forest plots regarding effect of CPAP therapy on stroke risk in patients with OSA. Abbreviations: CI, 
confidence interval; CPAP, continuous positive airway pressure; HR, hazard ratio; OSA, obstructive 
sleep apnea; RR, relative risk.

Figure 3. Subgroup studies regarding effect of CPAP therapy on stroke risk in patients with OSA in RCTs and 
cohort studies. Abbreviations: CI, confidence interval; CPAP, continuous positive airway pressure; HR, 
hazard ratio; OSA, obstructive sleep apnea; RR, relative risk.
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Figure 4. Subgroup studies regarding effect of CPAP therapy on stroke risk in patients with OSA in Caucasian and 
Asian populations. Abbreviations: CI, confidence interval; CPAP, continuous positive airway pressure; 
HR, hazard ratio; OSA, obstructive sleep apnea; RR, relative risk.

Figure 5. Forest plots regarding neurological outcome in OSA patients with stroke treated with CPAP plus usual 
care, compared to those treated with usual-care. Abbreviations: CI, confidence interval; CPAP, continuous 
positive airway pressure; OSA, obstructive sleep apnea; SMD, standardized mean difference.
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6 RCTs, which showed that neurofunctional 
scales (NIHSS and CNS) showed an overall 
neurofunctional improvement with CPAP 
(SMD 0.5406, 95% CI 0.0263-1.0548) but 
with a considerable heterogeneity (I2 = 78.9%, 
p = 0.0394) across the studies.26 OSA after stroke 
might have an influence on oxygenation and 
perfusion of the penumbra, which might adversely 
affect stroke outcome.26,27 The early use of CPAP 
might prolong survival of the penumbra, resulting 
in clinical and imaging improvement in stroke 
patients. Additionally, the use of continuous CPAP 
therapy could independently result in improving 
cognitive deficit and depression, leading to better 
participation of stroke patient in the rehabilitation 
program, which result in a more positive impact 
on recovery after stroke.23 
 There are some limitations in the present study. 
Firstly, regarding the effect of CPAP therapy 
on stroke risk in OSA, the amount of included 
studies was limited to explore the sources of 
heterogeneities. Secondly, regarding the effect of 
CPAP therapy on stroke rehabilitation in OSA, 
the number of included studies was small. 
 In conclusion, the present study showed 
that CPAP therapy did not prevent stroke in 
patients with OSA. However, the study showed a 
neurofunctional improvement with CPAP therapy 
in OSA patients with stroke.
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Supplementary Figure 1. Sensitivity analysis regarding effect of CPAP therapy on stroke risk (A) and rehabilitation 
(B) in patients with OSA. Abbreviations: CPAP, continuous positive airway pressure; OSA, obstructive sleep apnea.
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Supplementary Figure 2. Funnel plots regarding effect of CPAP therapy on stroke risk (A) and rehabilitation (B) 
in patients with OSA. Abbreviations: CPAP, continuous positive airway pressure; OSA, obstructive sleep apnea.
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