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SUPPLEMENTARY MATERIAL 

Supplementary Table S1. PRISMA 2020 checklist 

Section and Topic  
Item 

# 
Checklist item  

Location where 

item is reported  

TITLE   

Title  1 Identify the report as a systematic review. Title Page, Page 1 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. Page 1 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. Page 3-5 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 5 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 6, Table S4 

Information sources  6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. 

Specify the date when each source was last searched or consulted. 

Page 5-6, Table S3 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Page 5-6 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers 

screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools 

used in the process. 

Page 6 

Data collection process  9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether 

they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of 

automation tools used in the process. 

Page 6-7 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome 

domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which 

results to collect. 

Page 6-7 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). 

Describe any assumptions made about any missing or unclear information. 

Page 6-7 

Study risk of bias 

assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers 

assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process. 

Page 7 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Page 7-9 

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention 

characteristics and comparing against the planned groups for each synthesis (item #5)). 

Page 7-9 
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Section and Topic  
Item 

# 
Checklist item  

Location where 

item is reported  

 

 

 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, 

or data conversions. 

Page 7-9 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Page 7-9 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, 

describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

Page 7-9 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-

regression). 
Page 8-9 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Page 9 

Reporting bias assessment 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Page 9 

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Page 9 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of 

studies included in the review, ideally using a flow diagram. 

Page 10, Figure 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Page 10, Table S5 

Study characteristics  17 Cite each included study and present its characteristics. Page 10, Table 1, 

Table S6 

Risk of bias in studies  18 Present assessments of risk of bias for each included study. Page 11, Figure 

S1, Table S7 

Results of individual 

studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and 

its precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

Page 11-16, Figure 

2, Table 2-3 

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Page 11-16, Figure 

S1, Table S7 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its 

precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction 

of the effect. 

Page 11-16, Figure 

2, Table 2-3 

20c Present results of all investigations of possible causes of heterogeneity among study results. Page 11-16, Figure 

2, Table 2-3 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Page 11-16, Figure 

2, Table 2-3 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Page 16-17, Figure 

S32 

Certainty of evidence  22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Page 17, Table S9 
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Section and Topic  
Item 

# 
Checklist item  

Location where 

item is reported  

 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. Page 17-22  

23b Discuss any limitations of the evidence included in the review. Page 21-22 

23c Discuss any limitations of the review processes used. Page 21-22 

23d Discuss implications of the results for practice, policy, and future research. Page 22 

OTHER INFORMATION  

Registration and protocol 24a Provide registration information for the review, including register name and registration number, or state that the review was not 

registered. 

Title Page, Page 5 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Title Page, Page 5 

24c Describe and explain any amendments to information provided at registration or in the protocol. Title Page, Page 5 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Title Page 

Competing interests 26 Declare any competing interests of review authors. Title Page 

Availability of data, code 

and other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted 

from included studies; data used for all analyses; analytic code; any other materials used in the review. 

Title Page 

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 

2021;372:n71. doi: 10.1136/bmj.n71 

 

For more information, visit: http://www.prisma-statement.org/  

  

http://www.prisma-statement.org/
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Supplementary Table S2. Information Sources 

Types of literature Sources 

Bibliographic 

databases 
• Cochrane Central Register of Controlled Trials 

(CENTRAL) 

• Excerpta Medica database (Embase) 

• PubMed 

• Cumulative Index of Nursing and Allied Health Literature 

(CINAHL) 

• PsycINFO 

• Scopus 

• ProQuest 

• Web of Science (WOS) 

• China National Knowledge Infrastructure (CNKI) 

Search for ongoing or 

unpublished studies 
• CENTRAL 

• Clinical trials register (Clinicaltrials.gov) 

• Singapore Health Sciences Authority (HSA) clinical trials 

register 

• International Standard Randomised Controlled Trial 

Number (ISRCTN) register 

• World Health Organization International Clinical Trials 

Registry Platform (WHO ICTRP) 

Grey literature • Epistemonikos 

• DOAJ (Directory of Open Access Journals) 

• System for Information on Grey Literature in Europe 

(OpenGrey) 

Peer-reviewed 

biomedical journals 
• Annals of Neurology 

• Neurology by American Academy of Neurology 

• Stroke by American Heart Association 

• Sleep Medicine 

• Journal of Stroke and Cerebrovascular Diseases 
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Supplementary Table S3. Detailed search strategy for bibliographic databases 

Database  Search strategy 

PubMed #1 “Apnea”[Mesh] OR “Cheyne-Stokes Respiration”[Mesh] 

 #2 Sleep-disordered breathing[Title/Abstract] OR apnea[Title/Abstract] OR apnoea[Title/Abstract] OR Sleep disordered 

breathing[Title/Abstract] OR SDB[Title/Abstract] OR OSA[Title/Abstract] OR hypopnea*[Title/Abstract] OR 

hypopnoea*[Title/Abstract] OR OSAHS[Title/Abstract] OR OSAS[Title/Abstract] OR SAS[Title/Abstract] OR 

OSA[Title/Abstract] OR Cheyne-stokes respiration[Title/Abstract] OR periodic breathing[Title/Abstract] OR central sleep 

apnea[Title/Abstract] OR central sleep apnoea[Title/Abstract] OR central apnea[Title/Abstract] OR central 

apnoea[Title/Abstract] OR complex sleep apnea[Title/Abstract] OR complex sleep apnoea[Title/Abstract] OR sleep related 

breathing disorders[Title/Abstract] OR nocturnal apnea[Title/Abstract] OR nocturnal apnoea[Title/Abstract] OR obstructive 

sleep apnea[Title/Abstract] OR obstructive sleep apnoea[Title/Abstract] OR sleep apnea*[Title/Abstract] OR sleep 

apnoea*[Title/Abstract] 

 #3 #1 OR #2 

 #4 “Stroke”[Mesh] OR “Brain Ischemia”[Mesh] OR “Intracranial Hemorrhages”[Mesh] OR “Intracranial Embolism and 

Thrombosis”[Mesh] OR “Cerebrovascular Disorders”[Mesh:NoExp] 

 #5 Stroke*[Title/Abstract] OR cerebrovascular accident*[Title/Abstract] OR cva[Title/Abstract] OR cerebral vascular 

event[Title/Abstract] OR cerebrovascular event[Title/Abstract] OR ischemic stroke[Title/Abstract] OR ischaemic 

stroke[Title/Abstract] OR transient ischaemic attack[Title/Abstract] OR transient ischemic attack[Title/Abstract] OR 

TIA[Title/Abstract] OR transient brain ischemia[Title/Abstract] OR cerebr* infarct*[Title/Abstract] OR cortical 

infarction[Title/Abstract] OR hemisphere* infarct*[Title/Abstract] OR hemispheric infarction[Title/Abstract] OR cerebral 

microbleed[Title/Abstract] OR corpus callosum bleeding[Title/Abstract] OR corpus callosum haemorrhage[Title/Abstract] 

OR corpus callosum hemorrhage[Title/Abstract] OR encephalorrhagia[Title/Abstract] OR haemorrhagic 

apoplexy[Title/Abstract] OR haemorrhagic stroke[Title/Abstract] OR intracerebral bleeding[Title/Abstract] OR 

hematencephalon[Title/Abstract] OR hemorrhagic apoplexy[Title/Abstract] OR hemorrhagic stroke[Title/Abstract] OR 

haemorrhagic stroke[Title/Abstract] OR intracerebral bleeding[Title/Abstract] OR intracerebral 

haemorrhage[Title/Abstract] OR intracerebral hemorrhage*[Title/Abstract] OR intracortical haemorrhage[Title/Abstract] 

OR intracortical hemorrhage[Title/Abstract] OR intracranial bleeding[Title/Abstract] OR intraventricular 

haemorrhage[Title/Abstract] OR intraventricular hemorrhage[Title/Abstract] OR periventricular 

haemorrhage[Title/Abstract] OR periventricular hemorrhage[Title/Abstract] OR posterior fossa 

haemorrhage[Title/Abstract] OR posterior fossa hemorrhage[Title/Abstract] OR traumatic intracranial 

haemorrhage[Title/Abstract] OR traumatic intracranial hemorrhage[Title/Abstract] OR Brain Vascular 

Accident*[Title/Abstract] OR brain infarction*[Title/Abstract] OR cerebral infarction*[Title/Abstract] OR Intracranial 

Embolism*[Title/Abstract] OR transient brain ischaemia[Title/Abstract] OR cerebral haemorrhage[Title/Abstract] OR 

encephalorrhagia[Title/Abstract] OR haemorrhagic apoplexy[Title/Abstract] OR post-stroke[Title/Abstract] OR brain 
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ischemia*[Title/Abstract] OR brain ischaemia*[Title/Abstract] OR cerebral ischemia[Title/Abstract] OR subarachnoid 

hemorrhage[Title/Abstract] OR subarachnoid haemorrhage[Title/Abstract] OR SAH[Title/Abstract] OR cerebral 

hemorrhage*[Title/Abstract] OR cerebral haemorrhage*[Title/Abstract] OR intracranial thrombosis[Title/Abstract] OR 

intracerebral embolism[Title/Abstract] OR intracerebral thrombosis[Title/Abstract] OR intracranial 

occlusion[Title/Abstract] OR intracerebral occlusion[Title/Abstract] OR cerebrovascular disorder*[Title/Abstract] OR 

cerebrovascular disease*[Title/Abstract] OR carotid artery disease*[Title/Abstract] OR intracranial arterial 

disease*[Title/Abstract] OR cerebral arterial disease*[Title/Abstract] OR intracranial vasospasm[Title/Abstract] OR 

intracerebral vasospasm[Title/Abstract] OR cerebral vasospasm[Title/Abstract] OR vertebral artery 

dissection[Title/Abstract] OR Basal Ganglia Hemorrhage[Title/Abstract] OR brain hemorrhage*[Title/Abstract] OR brain 

haemorrhage*[Title/Abstract] OR intracranial hemorrhage*[Title/Abstract] OR cerebrovascular disorders[Title/Abstract] 

OR Anterior Cerebral Artery infarction[Title/Abstract] OR Middle Cerebral Artery infarction[Title/Abstract] OR Posterior 

Cerebral Artery infarction[Title/Abstract] OR Transient Cerebral Ischaemia[Title/Abstract] OR Transient Cerebral 

Ischemia[Title/Abstract] 

 #6 #4 OR #5 

 #7 #3 AND #6 

 #8 “Positive-Pressure Respiration"[Mesh] OR "Noninvasive Ventilation"[Mesh] 

 #9 CPAP[Title/Abstract] OR continuous positive airway pressure[Title/Abstract] OR positive airway pressure[Title/Abstract] 

OR auto-titrating CPAP[Title/Abstract] OR auto-CPAP[Title/Abstract] OR a-CPAP[Title/Abstract] OR Adaptive servo-

ventilation[Title/Abstract] OR ASV[Title/Abstract] OR APAP[Title/Abstract] OR automatic positive airway 

pressure[Title/Abstract] OR Noninvasive Ventilat*[Title/Abstract] OR Bipap[Title/Abstract] OR Bpap[Title/Abstract] OR 

Bi-PAP[Title/Abstract] OR Bilevel Positive Airway Pressure[Title/Abstract] OR Non-invasive ventilat*[Title/Abstract] OR 

nasal CPAP[Title/Abstract] OR n-CPAP[Title/Abstract] OR nCPAP[Title/Abstract] OR nasal continuous positive airway 

pressure[Title/Abstract] OR CPAP device[Title/Abstract] OR BiPAP device[Title/Abstract] OR positive airway pressure 

mask[Title/Abstract] OR positive end expiratory pressure[Title/Abstract] OR noninvasive ventilation[Title/Abstract] OR 

pressure support ventilation[Title/Abstract] OR intermittent positive pressure ventilation[Title/Abstract] OR Positive 

pressure ventilation[Title/Abstract] OR noninvasive ventilatory correction[Title/Abstract] 

 #10 #8 OR #9 

 #11 #7 AND #10 

   

Cochrane #1 [mh Apnea] OR [mh “Cheyne-Stokes Respiration”] 

 #2 ((((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apn?ea OR SDB OR OSA OR hypopn?ea OR OSAHS 

OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic breathing” OR “sleep related 

breathing disorders”)):ti,ab 

 #3 #1 OR #2 
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 #4 [mh Stroke] OR [mh “Brain Ischemia”] OR [mh “Intracranial Hemorrhages”] OR [mh “Intracranial Embolism and 

Thrombosis”] OR [mh “Cerebrovascular Disorders”] 

 #5 ((Stroke OR cva OR TIA OR hematencephalon OR encephalorrhagia OR post-stroke OR SAH OR carotid artery disease* 

OR “vertebral artery dissection”) OR ((cerebrovascular OR “cerebral vascular”) NEAR/3 (event OR accident OR disorder 

OR disease OR occlusion OR infarct*)) OR (transient NEAR/3 isch?em*) OR ((isch?emic OR h?emorrhagic OR infarc* 

OR bleeding) NEAR/3 (stroke OR “corpus callosum” OR apoplexy OR intracranial OR intracortical OR intraventricular 

OR periventricular OR “posterior fossa” OR brain OR cerebr* OR subarachnoid OR brain OR “Basal Ganglia” OR 

cerebrovascular OR intracerebr* OR encephalorrhagia OR “Posterior Cerebral Artery” OR hemisphere* OR “Anterior 

Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR cortical)) OR ((Intracranial OR intracerebral OR 

cerebral OR brain) NEAR/3 (Embolism OR thrombosis OR occlusion OR “arterial disease” OR vasospasm OR microbleed 

OR “vascular accident”))):ti,ab 

 #6 #4 OR #5 

 #7 #3 AND #6 

 #8 [mh “Positive-Pressure Respiration”] OR [mh “Noninvasive Ventilation”] 

 #9 ((CPAP OR “positive airway pressure” OR auto-CPAP OR a-CPAP OR “Adaptive servo-ventilat*” OR ASV OR APAP 

OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR nCPAP OR BiPAP device OR “positive end expiratory pressure” OR 

((Noninvasive OR non-invasive OR “pressure support” OR “positive pressure” OR “positive airway pressure” OR 

“intermittent positive pressure”) NEAR/3 ventilat*))):ti,ab 

 #10 #8 OR #9 

 #11 #7 AND #10 

   

Embase #1 (‘CPAP’ OR ‘continuous positive airway pressure’ OR ‘positive airway pressure’ OR ‘auto-titrating CPAP’ OR ‘auto-

CPAP’ OR ‘a-CPAP’ OR ‘Adaptive servo-ventilation’ OR ‘ASV’ OR ‘APAP’ OR ‘automatic positive airway pressure’ OR 

‘Noninvasive Ventilat*’ OR ‘Bipap’ OR ‘Bpap’ OR ‘Bi-PAP’ OR ‘Bilevel Positive Airway Pressure’ OR ‘Non-invasive 

ventilat*’ OR ‘nasal CPAP’ OR ‘n-CPAP’ OR ‘nCPAP’ OR ‘nasal continuous positive airway pressure’ OR 'CPAP device' 

OR 'BiPAP device' OR 'positive airway pressure mask' OR 'positive end expiratory pressure' OR 'noninvasive ventilation' 

OR 'pressure support ventilation' OR 'intermittent positive pressure ventilation' OR ‘Positive pressure ventilation’ OR 

‘noninvasive ventilatory correction’):ab,ti 

 #2 'sleep disordered':ti,ab AND breathing:ti,ab OR apn$ea:ti,ab OR sdb:ti,ab OR hypopn$ea:ti,ab OR osahs:ti,ab OR osas:ti,ab 

OR sas:ti,ab OR osa:ti,ab OR 'cheyne stokes':ti,ab OR 'periodic breathing':ti,ab OR 'sleep related breathing disorders':ti,ab 

 #3 #1 OR #2 

 #4 'cerebrovascular accident'/exp OR 'basal ganglion hemorrhage'/exp OR 'brain hemorrhage'/exp OR 'brain infarction'/exp OR 

'brain ischemia'/exp OR 'occlusive cerebrovascular disease'/exp OR 'vertebrobasilar insufficiency'/exp OR 'brain 

hypoxia'/exp 
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 #5 (stroke:ti,ab OR cva:ti,ab OR tia:ti,ab OR hematencephalon:ti,ab OR encephalorrhagia:ti,ab OR 'post stroke':ti,ab OR 

sah:ti,ab OR carotid:ti,ab) AND artery:ti,ab AND disease*:ti,ab OR 'vertebral artery dissection':ti,ab OR (((cerebrovascular 

OR 'cerebral vascular') NEAR/3 (event OR accident OR disorder OR disease OR occlusion OR infarct*)):ti,ab) OR 

((transient NEAR/3 isch$em*):ti,ab) OR (((isch$emic OR h$emorrhagic OR infarc* OR bleeding) NEAR/3 (stroke OR 

'corpus callosum' OR apoplexy OR intracranial OR intracortical OR intraventricular OR periventricular OR 'posterior fossa' 

OR brain OR cerebr* OR subarachnoid OR brain OR 'basal ganglia' OR cerebrovascular OR intracerebr* OR 

encephalorrhagia OR 'posterior cerebral artery' OR hemisphere* OR 'anterior cerebral artery' OR 'middle cerebral artery' 

OR 'corpus callosum' OR cortical)):ti,ab) OR (((intracranial OR intracerebral OR cerebral OR brain) NEAR/3 (embolism 

OR thrombosis OR occlusion OR 'arterial disease' OR vasospasm OR microbleed OR 'vascular accident')):ti,ab) 

 #6 #4 OR #5 

 #7 #3 AND #6 

 #8 'bipap device'/exp OR 'cpap device'/exp OR 'intermittent positive pressure breathing machine'/exp OR 'positive end 

expiratory pressure ventilator'/exp OR 'pressure support ventilator'/exp OR 'sleep apnea appliance'/exp 

 #9 'cpap':ab,ti OR 'continuous positive airway pressure':ab,ti OR 'positive airway pressure':ab,ti OR 'auto-titrating cpap':ab,ti 

OR 'auto-cpap':ab,ti OR 'a-cpap':ab,ti OR 'adaptive servo-ventilation':ab,ti OR 'asv':ab,ti OR 'apap':ab,ti OR 'automatic 

positive airway pressure':ab,ti OR 'noninvasive ventilat*':ab,ti OR 'bipap':ab,ti OR 'bpap':ab,ti OR 'bi-pap':ab,ti OR 'bilevel 

positive airway pressure':ab,ti OR 'non-invasive ventilat*':ab,ti OR 'nasal cpap':ab,ti OR 'n-cpap':ab,ti OR 'ncpap':ab,ti OR 

'nasal continuous positive airway pressure':ab,ti OR 'cpap device':ab,ti OR 'bipap device':ab,ti OR 'positive airway pressure 

mask':ab,ti OR 'positive end expiratory pressure':ab,ti OR 'noninvasive ventilation':ab,ti OR 'pressure support 

ventilation':ab,ti OR 'intermittent positive pressure ventilation':ab,ti OR 'positive pressure ventilation':ab,ti OR 'noninvasive 

ventilatory correction':ab,ti 

 #10 #8 OR #9 

 #11 #7 AND #10 

   

CINAHL S1 (MH "Sleep Apnea, Central+") OR (MH "Sleep Apnea, Obstructive") OR (MH "Sleep Apnea Syndromes+") 

 S2 (TI((((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apn#ea OR SDB OR OSA OR hypopn#ea OR 

OSAHS OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic breathing” OR “sleep related 

breathing disorders”)) OR AB((((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apn#ea OR SDB OR OSA 

OR hypopn#ea OR OSAHS OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic 

breathing” OR “sleep related breathing disorders”))) 

 S3 S1 OR S2 

 S4 (MH "Stroke Patients") OR (MH "Cerebral Ischemia+") OR (MH "Stroke+") OR (MH "Intracranial Hemorrhage+") OR 

(MH "Intracranial Embolism and Thrombosis+") OR (MH "Hypoxia, Brain") 

 S5 (TI((Stroke OR cva OR TIA OR hematencephalon OR encephalorrhagia OR post-stroke OR SAH OR carotid artery 

disease* OR “vertebral artery dissection”) OR ((cerebrovascular OR “cerebral vascular”) N3 (event OR accident OR 
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disorder OR disease OR occlusion OR infarct*)) OR (transient N3 isch#em*) OR ((isch#emic OR h#emorrhagic OR 

infarc* OR bleeding) N3 (stroke OR “corpus callosum” OR apoplexy OR intracranial OR intracortical OR intraventricular 

OR periventricular OR “posterior fossa” OR brain OR cerebr* OR subarachnoid OR brain OR “Basal Ganglia” OR 

cerebrovascular OR intracerebr* OR encephalorrhagia OR “Posterior Cerebral Artery” OR hemisphere* OR “Anterior 

Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR cortical)) OR ((Intracranial OR intracerebral OR 

cerebral OR brain) N3 (Embolism OR thrombosis OR occlusion OR “arterial disease” OR vasospasm OR microbleed OR 

“vascular accident”)))) OR (AB((Stroke OR cva OR TIA OR hematencephalon OR encephalorrhagia OR post-stroke OR 

SAH OR carotid artery disease* OR “vertebral artery dissection”) OR ((cerebrovascular OR “cerebral vascular”) N3 (event 

OR accident OR disorder OR disease OR occlusion OR infarct*)) OR (transient N3 isch#em*) OR ((isch#emic OR 

h#emorrhagic OR infarc* OR bleeding) N3 (stroke OR “corpus callosum” OR apoplexy OR intracranial OR intracortical 

OR intraventricular OR periventricular OR “posterior fossa” OR brain OR cerebr* OR subarachnoid OR brain OR “Basal 

Ganglia” OR cerebrovascular OR intracerebr* OR encephalorrhagia OR “Posterior Cerebral Artery” OR hemisphere* OR 

“Anterior Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR cortical)) OR ((Intracranial OR 

intracerebral OR cerebral OR brain) N3 (Embolism OR thrombosis OR occlusion OR “arterial disease” OR vasospasm OR 

microbleed OR “vascular accident”)))) 

 S6 S4 OR S5 

 S7 S3 AND S6 

 S8 (MH "Continuous Positive Airway Pressure") OR (MH "Positive Pressure Ventilation+") OR (MH "Intermittent Positive 

Pressure Breathing") OR (MH "Intermittent Positive Pressure Ventilation") OR (MH "Positive End-Expiratory Pressure") 

OR (MH "Pressure Support Ventilation") 

 S9 TI((CPAP OR “positive airway pressure” OR auto-CPAP OR a-CPAP OR “Adaptive servo-ventilat*” OR ASV OR APAP 

OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR nCPAP OR BiPAP device OR “positive end expiratory pressure” OR 

((Noninvasive OR non-invasive OR “pressure support” OR “positive pressure” OR “positive airway pressure” OR 

“intermittent positive pressure”) N3 ventilat*))) OR AB((CPAP OR “positive airway pressure” OR auto-CPAP OR a-CPAP 

OR “Adaptive servo-ventilat*” OR ASV OR APAP OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR nCPAP OR BiPAP 

device OR “positive end expiratory pressure” OR ((Noninvasive OR non-invasive OR “pressure support” OR “positive 

pressure” OR “positive airway pressure” OR “intermittent positive pressure”) N3 ventilat*))) 

 S10 S8 OR S9 

 S11 S7 AND S10 

   

Scopus #1 ((TITLE-ABS-KEY(((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apn*ea OR SDB OR OSA OR 

hypopn*ea OR OSAHS OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic breathing” 

OR “sleep related breathing disorders”)) AND TITLE-ABS-KEY(((cerebrovascular OR “cerebral vascular”) W/3 (event 

OR accident OR disorder OR disease OR occlusion OR infarct*)) OR (transient W/3 isch*em*) OR ((isch*emic OR 

h*emorrhagic OR infarc* OR bleeding) W/3 (stroke OR “corpus callosum” OR apoplexy OR intracranial OR intracortical 
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OR intraventricular OR periventricular OR “posterior fossa” OR brain OR cerebr* OR subarachnoid OR brain OR “Basal 

Ganglia” OR cerebrovascular OR intracerebr* OR encephalorrhagia OR “Posterior Cerebral Artery” OR hemisphere* OR 

“Anterior Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR cortical)) OR ((Intracranial OR 

intracerebral OR cerebral OR brain) W/3 (Embolism OR thrombosis OR occlusion OR “arterial disease” OR vasospasm 

OR microbleed OR “vascular accident”)))) AND TITLE-ABS-KEY((CPAP OR “positive airway pressure” OR auto-CPAP 

OR a-CPAP OR “Adaptive servo-ventilat*” OR ASV OR APAP OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR nCPAP 

OR BiPAP device OR “positive end expiratory pressure” OR ((Noninvasive OR non-invasive OR “pressure support” OR 

“positive pressure” OR “positive airway pressure” OR “intermittent positive pressure”) W/3 ventilat*))) 

   

ProQuest #1 AB,TI((((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apn?ea OR SDB OR OSA OR hypopn?ea OR 

OSAHS OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic breathing” OR “sleep related 

breathing disorders”)) 

 #2 AB,TI(Stroke OR cva OR TIA OR hematencephalon OR encephalorrhagia OR post-stroke OR SAH OR carotid artery 

disease* OR “vertebral artery dissection”) OR AB,TI((cerebrovascular OR “cerebral vascular”) NEAR/3 (event OR 

accident OR disorder OR disease OR occlusion OR infarct*)) OR AB,TI(transient NEAR/3 isch?em*) OR 

AB,TI((isch?emic OR h?emorrhagic OR infarc* OR bleeding) NEAR/3 (stroke OR “corpus callosum” OR apoplexy OR 

intracranial OR intracortical OR intraventricular OR periventricular OR “posterior fossa” OR brain OR cerebr* OR 

subarachnoid OR brain OR “Basal Ganglia” OR cerebrovascular OR intracerebr* OR encephalorrhagia OR “Posterior 

Cerebral Artery” OR hemisphere* OR “Anterior Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR 

cortical)) OR AB,TI((Intracranial OR intracerebral OR cerebral OR brain) NEAR/3 (Embolism OR thrombosis OR 

occlusion OR “arterial disease” OR vasospasm OR microbleed OR “vascular accident”)) 

 #3 #1 AND #2 

 #4 AB,TI((CPAP OR “positive airway pressure” OR auto-CPAP OR a-CPAP OR “Adaptive servo-ventilat*” OR ASV OR 

APAP OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR nCPAP OR BiPAP device OR “positive end expiratory pressure” 

OR ((Noninvasive OR non-invasive OR “pressure support” OR “positive pressure” OR “positive airway pressure” OR 

“intermittent positive pressure”) NEAR/3 ventilat*))) 

 #5 #3 AND #4 

   

PsycINFO 1 exp Sleep Apnea/ or exp Apnea/ 

 2 (((Sleep-disordered or Sleep disordered) and breathing) or apn?ea or SDB or OSA or hypopn?ea or OSAHS or OSAS or 

SAS or OSA or (cheyne-stokes or cheyne stokes) or periodic breathing or sleep related breathing disorders).ab,ti. 

 3 1 OR 2 

 4 exp Cerebrovascular Accidents/ or exp Cerebral Ischemia/ or exp Cerebral Hemorrhage/ or exp Brain Damage/ or exp 

Cerebrovascular Disorders/ or exp Brain damage/ 
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 5 (Stroke or cva or TIA or hematencephalon or encephalorrhagia or post-stroke or SAH or carotid artery disease* or vertebral 

artery dissection or ((cerebrovascular or cerebral vascular) adj3 (event or accident or disorder or disease or occlusion or 

infarct*)) or (transient adj3 isch?em*) or ((isch?emic or h?emorrhagic or infarc* or bleeding) adj3 (stroke or corpus 

callosum or apoplexy or intracranial or intracortical or intraventricular or periventricular or posterior fossa or brain or 

cerebr* or subarachnoid or brain or Basal Ganglia or cerebrovascular or intracerebr* or encephalorrhagia or Posterior 

Cerebral Artery or hemisphere* or Anterior Cerebral Artery or Middle Cerebral Artery or corpus callosum or cortical)) or 

((Intracranial or intracerebral or cerebral or brain) adj3 (Embolism or thrombosis or occlusion or arterial disease or 

vasospasm or microbleed or vascular accident))).ab,ti. 

 6 4 OR 5 

 7 3 AND 6 

 8 exp Medical Therapeutic Devices/ or exp Artificial Respiration/ or exp Medical Therapeutic Devices/ or exp Artificial 

Respiration/ 

 9 (CPAP or positive airway pressure or auto-CPAP or a-CPAP or Adaptive servo-ventilat* or ASV or APAP or Bipap or 

Bpap or Bi-PAP or n-CPAP or nCPAP or BiPAP device or positive end expiratory pressure or ((Noninvasive or non-

invasive or pressure support or positive pressure or positive airway pressure or intermittent positive pressure) adj3 

ventilat*)).ab,ti. 

 10 8 OR 9 

 11 7 AND 10 

   

WoS #1 (TI = ((((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apn$ea OR SDB OR OSA OR hypopn$ea OR 

OSAHS OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic breathing” OR “sleep related 

breathing disorders”))) OR (AB = ((((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apn$ea OR SDB OR 

OSA OR hypopn$ea OR OSAHS OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic 

breathing” OR “sleep related breathing disorders”))) 

 #2 (TI = ((Stroke OR cva OR TIA OR hematencephalon OR encephalorrhagia OR post-stroke OR SAH OR carotid artery 

disease* OR “vertebral artery dissection”) OR ((cerebrovascular OR “cerebral vascular”) NEAR/3 (event OR accident OR 

disorder OR disease OR occlusion OR infarct*)) OR (transient NEAR/3 isch$em*) OR ((isch$emic OR h$emorrhagic OR 

infarc* OR bleeding) NEAR/3 (stroke OR “corpus callosum” OR apoplexy OR intracranial OR intracortical OR 

intraventricular OR periventricular OR “posterior fossa” OR brain OR cerebr* OR subarachnoid OR brain OR “Basal 

Ganglia” OR cerebrovascular OR intracerebr* OR encephalorrhagia OR “Posterior Cerebral Artery” OR hemisphere* OR 

“Anterior Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR cortical)) OR ((Intracranial OR 

intracerebral OR cerebral OR brain) NEAR/3 (Embolism OR thrombosis OR occlusion OR “arterial disease” OR 

vasospasm OR microbleed OR “vascular accident”)))) OR (AB = ((Stroke OR cva OR TIA OR hematencephalon OR 

encephalorrhagia OR post-stroke OR SAH OR carotid artery disease* OR “vertebral artery dissection”) OR 

((cerebrovascular OR “cerebral vascular”) NEAR/3 (event OR accident OR disorder OR disease OR occlusion OR 
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infarct*)) OR (transient NEAR/3 isch$em*) OR ((isch$emic OR h$emorrhagic OR infarc* OR bleeding) NEAR/3 (stroke 

OR “corpus callosum” OR apoplexy OR intracranial OR intracortical OR intraventricular OR periventricular OR “posterior 

fossa” OR brain OR cerebr* OR subarachnoid OR brain OR “Basal Ganglia” OR cerebrovascular OR intracerebr* OR 

encephalorrhagia OR “Posterior Cerebral Artery” OR hemisphere* OR “Anterior Cerebral Artery” OR “Middle Cerebral 

Artery” OR “corpus callosum” OR cortical)) OR ((Intracranial OR intracerebral OR cerebral OR brain) NEAR/3 

(Embolism OR thrombosis OR occlusion OR “arterial disease” OR vasospasm OR microbleed OR “vascular accident”)))) 

 #3 #1 AND #2 

 #4 (TI = ((CPAP OR “positive airway pressure” OR auto-CPAP OR a-CPAP OR “Adaptive servo-ventilat*” OR ASV OR 

APAP OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR nCPAP OR BiPAP device OR “positive end expiratory pressure” 

OR ((Noninvasive OR non-invasive OR “pressure support” OR “positive pressure” OR “positive airway pressure” OR 

“intermittent positive pressure”) NEAR/3 ventilat*)))) OR (AB = ((CPAP OR “positive airway pressure” OR auto-CPAP 

OR a-CPAP OR “Adaptive servo-ventilat*” OR ASV OR APAP OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR nCPAP 

OR BiPAP device OR “positive end expiratory pressure” OR ((Noninvasive OR non-invasive OR “pressure support” OR 

“positive pressure” OR “positive airway pressure” OR “intermittent positive pressure”) NEAR/3 ventilat*)))) 

 #5 #3 AND #4 

   

CNKI #1 ((((TI = ((((Sleep-disordered OR “Sleep disordered”) AND breathing) OR apnea OR apnoea OR SDB OR OSA OR 

hypopnea OR hypopnoea OR OSAHS OR OSAS OR SAS OR OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic 

breathing” OR “sleep related breathing disorders”))) OR (AB = ((((Sleep-disordered OR “Sleep disordered”) AND 

breathing) OR apnea OR apnoea OR SDB OR OSA OR hypopnea OR hypopnoea OR OSAHS OR OSAS OR SAS OR 

OSA OR (cheyne-stokes OR “cheyne stokes”) OR “periodic breathing” OR “sleep related breathing disorders”)))) AND 

((TI = ((Stroke OR cva OR TIA OR hematencephalon OR encephalorrhagia OR post-stroke OR SAH OR carotid artery 

disease OR “vertebral artery dissection”) OR ((cerebrovascular OR “cerebral vascular”) /NEAR 3 (event OR accident OR 

disorder OR disease OR occlusion OR infarct)) OR (transient /NEAR 3 ischemia OR ischemic OR ischaemia OR 

ischaemic) OR ((ischemic OR ischaemic OR hemorrhagic OR haemorrhagic OR infarct OR infarction OR bleeding) 

/NEAR 3 (stroke OR “corpus callosum” OR apoplexy OR intracranial OR intracortical OR intraventricular OR 

periventricular OR “posterior fossa” OR brain OR cerebral OR cerebrum OR subarachnoid OR brain OR “Basal Ganglia” 

OR cerebrovascular OR intracerebral OR intracerebrum OR encephalorrhagia OR “Posterior Cerebral Artery” OR 

hemisphere OR hemispheric OR “Anterior Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR 

cortical)) OR ((Intracranial OR intracerebral OR cerebral OR brain) /NEAR 3 (Embolism OR thrombosis OR occlusion OR 

“arterial disease” OR vasospasm OR microbleed OR “vascular accident”)))) OR (AB = ((Stroke OR cva OR TIA OR 

hematencephalon OR encephalorrhagia OR post-stroke OR SAH OR carotid artery disease OR “vertebral artery 

dissection”) OR ((cerebrovascular OR “cerebral vascular”) /NEAR 3 (event OR accident OR disorder OR disease OR 

occlusion OR infarct)) OR (transient /NEAR 3 ischemia OR ischemic OR ischaemia OR ischaemic) OR ((ischemic OR 

ischaemic OR hemorrhagic OR haemorrhagic OR infarct OR infarction OR bleeding) /NEAR 3 (stroke OR “corpus 
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callosum” OR apoplexy OR intracranial OR intracortical OR intraventricular OR periventricular OR “posterior fossa” OR 

brain OR cerebral OR cerebrum OR subarachnoid OR brain OR “Basal Ganglia” OR cerebrovascular OR intracerebral OR 

intracerebrum OR encephalorrhagia OR “Posterior Cerebral Artery” OR hemisphere OR hemispheric OR “Anterior 

Cerebral Artery” OR “Middle Cerebral Artery” OR “corpus callosum” OR cortical)) OR ((Intracranial OR intracerebral OR 

cerebral OR brain) /NEAR 3 (Embolism OR thrombosis OR occlusion OR “arterial disease” OR vasospasm OR microbleed 

OR “vascular accident”)))))) AND ((TI = ((CPAP OR “positive airway pressure” OR auto-CPAP OR a-CPAP OR 

“Adaptive servo-ventilation” OR “Adaptive servo-ventilator” OR ASV OR APAP OR Bipap OR Bpap OR Bi-PAP OR n-

CPAP OR nCPAP OR BiPAP device OR “positive end expiratory pressure” OR ((Noninvasive OR non-invasive OR 

“pressure support” OR “positive pressure” OR “positive airway pressure” OR “intermittent positive pressure”) /NEAR 3 

ventilator OR ventilation)))) OR (AB = ((CPAP OR “positive airway pressure” OR auto-CPAP OR a-CPAP OR “Adaptive 

servo-ventilation” OR “Adaptive servo-ventilator” OR ASV OR APAP OR Bipap OR Bpap OR Bi-PAP OR n-CPAP OR 

nCPAP OR BiPAP device OR “positive end expiratory pressure” OR ((Noninvasive OR non-invasive OR “pressure 

support” OR “positive pressure” OR “positive airway pressure” OR “intermittent positive pressure”) /NEAR 3 ventilator 

OR ventilation)))))) 
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Supplementary Table S4. Eligibility criteria of the review 

 Criteria for inclusion and exclusion 

Types of studies and others 

Study design Randomised controlled trials 

Publishing classification • Commercially or academically published studies 

• Grey literature 

Language and Date • Papers published or translated in English or Chinese 

• No limitation to the publication dates 

Population 

General • Post-stroke patients with SDB 

• Age: ≥ 18 years old 

Classification of stroke Any form and severity of stroke, including: 

• Hemorrhagic stroke 

• Ischemic stroke 

• Transient ischemic attack 

Classification of SDB Any form and severity of SDB, including: 

• Obstructive sleep apnea 

• Central sleep apnea 

Exclusion: Any form of sleep disorder that is not apnea related 

(eg Narcolepsy). 

Interventions Any form of non-invasive respiratory PAP ventilatory support 

devices administered via any of the following routes: 

• Continuous positive airway pressure (CPAP) 

• Auto titration CPAP (auto-CPAP) 

• BiLevel positive airway pressure (BiPAP) 

• Expiratory positive airway pressure (EPAP) 

• Adaptive Servo Ventilation (ASV) 

Comparators No treatment/ conventional treatment / placebo 

Outcomes  

Recurrent vascular 

events 
• Type and occurrence of the event 

Neurological deficit • NIH Stroke Scale (NIHSS) (Brott et al., 1989) 

• Canadian neurological scale (CNS) (Côte et al., 1986) 

Cognition • Mini-Mental State Examination (MMSE) (Folstein et al., 

1975) 

• Montreal Cognitive Assessment (MoCA) (Nasreddine et 

al., 2005) 

Functional independence • Activities of daily living assessment 

• Barthel index (BI) (Wade & Collin, 1988) 

• Functional independence measure (FIM) (Granger et al., 

1986) 

• Modified Rankin scale (mRS) (van Swieten et al., 1988) 

Daytime sleepiness • Epworth sleepiness scale (ESS) (Johns, 1991) 

• Stanford Sleepiness Scale (SSS) (Hoddes et al., 1972) 
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Supplementary Table S5. Characteristics of excluded studies 

Study Reason for exclusion 

Bravata et al. (2017) Nil outcome of interest. 

Bravata et al. (2018) Control group received CPAP. 

Cui & Jiao (2017) Intervention effect may be confounded using Gingko biloba extract. 

Dharmakulaseelan et al. 

(2019) 

Main focus of study was on adherence; thus, comparator group includes 

PAP use. 

Han & Ren (2012) Nil outcome of interest. 

Khot et al. (2016) No screening diagnostic test for OSA was performed. 

Kotzian et al. (2019) Main focus of study was on adherence; thus, comparator group includes 

PAP use. 

Li (2013) Use of nasal cannula by the comparison group. 

Ma et al. (2012) Lacks reporting of comparison group. 

Minnerup et al. (2012) Analysis was not possible as quartile 1 and 3 of baseline NIHSS was not 

provided for data transformation. 

Nilius et al. (2019) Main focus of study was on adherence; thus, comparator group includes 

PAP use. 

Pan et al. (2016) Intervention effect may be confounded by using Xueshuantong. 

Ren et al. (2014) Hyperbaric oxygenation does not serve as comparator of interest. 

Wang et al. (2012) Nil outcome of interest. 

Wheeler et al., (2016) Nil outcome of interest. 

Wu et al. (2014) Nil outcome of interest. 

Xue et al. (2004) Nil outcome of interest. 

Zhang & Li (2013) Intervention effect may be confounded by using Xingnaojing (traditional 

Chinese medicine herb). 
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Supplementary Table S6. The summary of intervention details, comparator, outcome measures and follow-ups (n = 24) 

Study authors (year) Device 

used 

Duration Control group protocol Outcomes of interest (Scale) 

Nightly 

use (hrs) 

Treatment Follow-up 

Aaronson et al. (2016) CPAP 2.5 1 month 1 and 2 months Treatment as usual - Cognition (9 domains) 

- Neurological deficit (NIHSS; CNS) 

- Functional independence (USER 

mobility; USER self-care) 

- Depression (HADS-B) 

Bernasconi et al. 

(2020) 

Auto-

CPAP 

> 4 24 months 12 and 24 

months 

Standard care - Recurrent vascular events 

- Functional independence (mRS; BI) 

Bravata et al. (2011) Auto-

CPAP 

5.1 ± 2.3 30 days 30 days Only PSG - Recurrent vascular events 

- Neurological deficit (NIHSS) 

Bravata et al. (2010) Auto-

CPAP 

5.6 ± 1.9 90 days 90 days Unattended PSG - Recurrent vascular events 

 

Brown et al. (2013) Auto-

CPAP 

1.4 3 months 3 months Sham-controlled CPAP 

(Placebo) 

- Sleepiness (FSS; ESS) 

- Functional independence (BI; mRS) 

- Neurological deficit (NIHSS) 

- Depression (PHQ-9) 

Cui et al. (2017) 

 

Auto-

CPAP 

≥ 4 12 months 12 months Conventional secondary 

preventive treatment and 

rehabilitation training for 

cerebrovascular diseases 

- Recurrent vascular events  

Dong et al. (2017) CPAP ≥ 4 6 months 14 days, 2 and 6 

months 

Conventional stroke 

treatments 

- Neurological deficit (NIHSS) 

- Functional independence (ADL) 

Gao et al. (2013) Auto-

CPAP 

> 4 1-2 weeks 7-, 14-, and 28-

days post 

intervention 

Conventional treatment and 

rehabilitation training 

- Neurological deficit (NIHSS) 

- Functional independence (BI) 
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Gupta et al. (2018) Auto-

CPAP 

4.2 ± 1.32 12 months 3, 6, and 12 

months 

Best medical treatment - Sleepiness (ESS) 

- Cognition (MMSE; MSS) 

- Functional independence (BI; ABS) 

Hsu et al. (2006) 

 

 

Nasal-

CPAP 

1.4 8 weeks 3 months and 6 

months after 

stroke 

Conventional treatment - Functional independence (EADL; 

BI) 

- Sleepiness (SSS) 

- Neurological deficit (NIHSS) 

- Cognition (MMSE; ACE) 

- Depression (HADS) 

Kim et al. (2019) 

 

 

Nasal or 

oronasal 

mask 

> 4 3 weeks 3 weeks Rehabilitation only - Sleepiness (ESS) 

- SDB severity (AHI†) 

- Neurological deficit (NIHSS) 

- Cognition (MMSE) 

- Functional independence (FAC; 

mRS; BBS; K-MBI) 

Li (2020) 

 

 

CPAP > 4 6 months 1 week 

3, and 6 months 

Conventional treatment for 

cerebral infarction 

- Neurological deficit (NIHSS) 

- Functional independence (BI) 

- Cognition (MoCA; MMSE) 

Liu et al. (2014) 

 

Auto-

CPAP 

- 12 months 1, 3, 6, and 12 

months 

Conventional secondary 

preventive treatment for 

cerebrovascular disease 

- Sleepiness (ESS) 

 

Ning et al. (2019) 

 

CPAP > 4 6 months 6 months Conventional treatments for 

cerebral infarction 

- Sleepiness (ESS) 

- Functional independence (BI) 

- Cognition (MMSE) 

- Depression (HAMA; HAM-D) 

Parra et al. (2015) Nasal-

CPAP 

5.3 ± 1.9 5 years 68 Conventional treatment - Recurrent vascular events  

Parra et al. (2011) 

 

Nasal-

CPAP 

5.3 ± 1.9 24 months 1, 3, 12, 24 

months 

Conventional treatment - Recurrent vascular events 

- Functional independence (BI; mRS) 

- Neurological deficit (CNS) 
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Ryan et al. (2011) CPAP 4.96 1 month 1 month Standard stroke 

occupational and 

physiotherapy 

- Sleepiness (ESS; SSS) 

- Neurological deficit (CNS) 

- Functional independence (FIM; 

CMSAS) 

- Depression (BDI) 

Sandberg et al. (2001) Nasal-

CPAP 

4.1 ± 3.6 4 weeks 4 weeks No treatment - Cognition (MMSE) 

- Functional independence (BI) 

- Depression (MADRS) 

Su et al. (2011) CPAP - 4 weeks 4 weeks Conventional stroke 

treatments 

- Functional independence (BI; mRS) 

 

Tu & Liu (2015) Auto-

CPAP 

- 1 week 1 week Conventional stroke 

treatments 

- Neurological deficit (NIHSS) 

Wan et al. (2018) 

 

Auto-

CPAP 

≥ 5 3 months 3 months Drug treatment - Sleepiness (ESS; PSQI) 

- Cognition (MoCA; DST; HLVT) 

- Depression (PHQ-9) 

Wang (2015) 

 

BiPAP - 1 week 1 week Conventional stroke 

treatments 

- Functional independence (BI; mRS) 

 

Xu et al. (2020) Auto-

CPAP 

> 6 4 weeks 4 weeks Non-acute stroke treatment - Sleepiness (ESS) 

- Neurological deficit (NIHSS) 

- Functional independence (ADL) 

Yuan & Zhao (2016) 

 

 

Auto-

CPAP 

> 4 12 months 12 months Conventional secondary 

preventive treatment and 

rehabilitation training for 

cerebrovascular diseases 

- Recurrent vascular events 

- Neurological deficit (NIHSS) 

- Sleepiness (ESS) 

- Functional independence (BI) 

ABS, Aphasia Battery Score; ACE, Addenbrooke’s Cognitive Examination; ADL, Activities of Daily Living; AHI, Apnea-Hypopnea index; BDI, Beck 

Depression Inventory; BI, Barthel Index; BiPAP, Bilevel Positive Airway Pressure; CMSAS, Chedoke-McMaster Stroke Assessment scale; CNS, Canadian 

Neurological Scale; CPAP, Continuous positive airway pressure; DST, Digital Span Test; EADL, Nottingham Extended Activities of Daily Living; EPAP, 

Expiratory Positive Airway Pressure; ESS, Epworth Sleepiness Scale; FAC, Functional Ambulation Categories; FIM, Functional Independence Measure; 

FSS, Fatigue Severity Scale; HADS, Hospital Anxiety and Depression Scale; HAMA, Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression 

Rating Scale; HLVT, Hopkins Verbal Learning Test–Revised; K-MBI, Korean version of the modified Barthel index; MADRS, Montgomery-Asberg 

Depression Rating Scale; MMSE, Mini–Mental State Examination; MoCA, Montreal Cognitive Assessment; mRS, Modified Rankin Scale; MSS, Memory 
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Scale Score; NIHSS, National Institutes of Health Stroke Scale; PHQ-9, Patient Health Questionnaire-9; PSG, Polysomnography; PSQI, Pittsburgh Sleep 

Quality Index; SDB, Sleep-disordered breathing; SSS, Stanford Sleepiness Scale; USER, Utrecht Scale for Evaluation of Rehabilitation. 

† AHI ≤ 30/hr: mild to moderate SDB severity; AHI > 30/hr: severe SDB severity.  
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Supplementary Table S7. Risk of bias assessment of each included study (n = 24) 

Study Random 

sequence 

generation 

Allocation 

concealment  

Blinding of 

participants and 

personnel 

Blinding of 

outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting 

Other bias 

Aaronson et al. 

(2016) 

Unreported Unreported Unblinded Blinded Comparable 

withdrawal and 

ITT analysis used. 

Reported as 

per specified 

in registered 

protocol. 

Possible 

sampling bias 

(High refusal 

to participate 

rate) 

Bernasconi et 

al. (2020) 

Computer-

generated 

randomisation 

Unreported Unblinded Outcome 

measurement 

not likely 

influenced by 

lack of 

blinding 

ITT analysis used. 

Attrition rate < 

20% 

Reported as 

per specified 

in registered 

protocol. 

- 

Bravata et al. 

(2010) 

Not specified Via sealed 

envelopes 

Unblinded Unblinded 20% withdrawal 

from the 

intervention group. 

ITT analysis was 

used. 

Reported as 

per specified 

in registered 

protocol. 

Possible 

sampling bias 

(High refusal 

to participate 

rate) 

Bravata et al. 

(2011) 

Unclear due 

to stratified 

according to 

NIHSS 

Unreported Unblinded Unblinded > 20% withdrawal 

rate. ITT analysis 

was used. 

NIHSS and 

vascular 

events were 

reported 

although not 

prespecified 

in the 

protocol. 

- 
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Brown et al. 

(2013) 

Unreported Study 

personnel 

were masked 

to intervention 

allocation 

Sham CPAP was 

used 

Blinded with 

Sham CPAP 

Attrition rate of 

40.6%. 

ITT not performed. 

Reported as 

per specified 

in registered 

protocol. 

- 

Cui et al. 

(2017) 

Random 

number table 

Unreported Unblinded Unreported Unreported Unreported - 

Dong et al. 

(2017) 

Unreported Unreported Unblinded Unreported Per-protocol 

analysis was 

performed. 

Unreported - 

Gao et al. 

(2013) 

Unreported Unreported Unblinded Unreported Unreported Unreported - 

Gupta et al. 

(2018) 

Computer-

generated 

random 

numbers 

Seal envelope 

and central 

randomisation. 

Unblinded Blinded Intervention group 

patients crossed 

over to control 

group. 

Reported as 

per specified 

in registered 

protocol. 

Possible 

sampling bias 

(High refusal 

to participate 

rate). 

Hsu et al. 

(2006) 

Block 

randomisation 

Sealed 

envelopes 

Unblinded Blinded > 20% withdrawal 

rate in intervention 

group. 

No study 

protocol was 

reported or 

found for 

assessment. 

Possible 

sampling bias 

(High refusal 

to participate 

rate) 

Kim et al. 

(2019) 

Random 

number table 

Unreported Unblinded Blinded < 20% withdrawal 

rate. But 

withdrawn patients 

excluded from 

analysis. 

All reported 

outcomes 

were 

prespecified 

in the study’s 

protocol. 

- 

Li (2020) Unreported Unreported Unblinded Unreported Per-protocol 

analysis was 

performed. 

Unreported - 
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Liu et al. 

(2014) 

Unreported Unreported Unblinded Unreported Unreported Unreported - 

Ning et al. 

(2019) 

Random 

number table 

Unreported Unblinded Unreported Unreported Unreported - 

Parra et al. 

(2011) 

Computer-

generated 

random 

numbers 

Unreported Unblinded Unreported Nearly 20% 

withdrawal from 

intervention group 

and per-protocol 

analysis was used. 

Reported as 

per specified 

in registered 

protocol. 

- 

Parra et al. 

(2015) 

Computer-

generated 

random 

numbers 

Unreported Unblinded Unreported Nearly 20% 

withdrawal from 

intervention group 

and per-protocol 

analysis was used. 

Reported as 

per specified 

in registered 

protocol. 

- 

Ryan et al. 

(2011) 

Computer-

generated 

random 

numbers 

Sealed 

envelopes 

Unblinded Collected by 

physiotherapist 

blind to 

treatment 

allocation 

Per-protocol 

analysis 

Reported as 

per specified 

in registered 

protocol. 

- 

Sandberg et al. 

(2001) 

Drawing of 

lots 

Randomized 

through lots 

drawn by a 

person not 

involved in 

the study 

Unblinded Unreported < 20% withdrawal 

rate and 

appropriate 

missing data 

management. 

No registered 

protocol was 

found or 

reported. 

- 

Su et al. 

(2011) 

Unreported Unreported Unblinded Unreported Unreported Unreported - 

Tu & Liu 

(2015) 

Unreported Unreported Unblinded Unreported Unreported Unreported - 
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Wan et al. 

(2018) 

Lottery 

method 

Unreported Unreported Unreported 20% of 

intervention group 

withdrew. 

Withdrawn 

patients excluded 

from analysis. 

No registered 

protocol was 

reported. 

- 

Wang (2015) Random 

number table 

Unreported Unblinded Unreported Unreported Unreported - 

Xu et al. 

(2020) 

Unreported Unreported Unblinded Unreported Patients who do 

not complete the 

treatment were 

excluded. 

Unreported - 

Yuan & Zhao 

(2016) 

Random 

number table 

Unreported Unblinded Unreported Unreported Unreported - 

CPAP: Continuous positive airway pressure; ITT, intention-to-treat; NIHSS, National Institutes of Health Stroke Scale.
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Supplementary Table S8. Outcomes measured and the scale used for each trial  

Neurological deficit 

(13 trials) 

Scale Cognition 

(8 trials) 

Scale Functional 

independence 

(17 trials) 

Scale Sleepiness 

(11 trials) 

 
Depression 

(7 trials) 

Scale 

                    

Aaronson et al (2016) NIHSS Gupta et al (2018) MMSE Aaronson et al (2016) USER Aaronson et al 

(2016) 

SSS Aaronson et al 

(2016) 

HADS-

B 

Brown et al (2013) NIHSS Hsu et al (2006) MMSE Bernasconi et al 

(2020) 

BI Brown et al (2013) ESS Brown et al 

(2013) 

PHQ-9 

Dong et al. (2017) NIHSS Kim et al (2019) MMSE Brown et al (2013) BI Gupta et al (2018) ESS Hsu et al (2006) HADS 

total 

Gao et al. (2013) NIHSS Li (2020) MMSE Dong et al. (2017) ADL* 

scale 

Hsu et al (2006) SSS Ning et al. (2019) HAM-D 

Hsu et al (2006) NIHSS Ning et al. (2019) MMSE Gao et al. (2013) BI Kim et al (2019) ESS Ryan et al (2011) BDI 

Kim et al (2019) NIHSS Ryan et al (2011) CNS 

cognitive 

Gupta et al (2018) BI Liu (2014) ESS Sandberg et al 

(2001) 

MADRS 

Li (2020) NIHSS Sandberg et al 

(2001) 

MMSE Hsu et al (2006) BI Ning et al. (2019) ESS Wan et al. (2018) PHQ-9 

Parra et al (2011) CNS Wan et al. (2018) MoCA Kim et al (2019) K-MBI Ryan et al (2011) ESS   

Ryan et al (2011) CNS   Li 2020) BI Wan et al. (2018) ESS   

Tu & Liu (2015) NIHSS   Ning et al. (2019) BI Xu et al (2020) ESS   

Xu et al (2020) NIHSS   Parra et al (2011) BI Yuan & Zhao 

(2016) 

ESS   

Yuan & Zhao (2016) NIHSS   Ryan et al (2011) FIM     

    Sandberg et al (2001) BI     

    Su et al. (2011) BI     

    Wang (2015) BI       

      Xu et al (2020) BI       

      Yuan & Zhao (2016) BI       
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ADL = Activities of Daily Living; BDI = Beck Depression Inventory; BI = Barthel Index; CNS = Canadian Neurological Scale; ESS = Epworth Sleepiness Scale; FIM = 

Functional Independence Measure; HADS = Hospital Anxiety and Depression Scale; HADS-B = Hospital Anxiety and Depression Scale; HAM-D = Hamilton Depression 

Rating Scale; K-MBI = Korean version of the modified Barthel index; MADRS = Montgomery-Asberg Depression Rating Scale; MMSE = Mini–Mental State Examination; 

MoCA = Montreal Cognitive Assessment; NIHSS = National Institutes of Health Stroke Scale; PHQ-9 = Patient Health Questionnaire-9; SSS = Stanford Sleepiness Scale; 

USER = Utrecht Scale for Evaluation of Rehabilitation 

*Unspecified 
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Supplementary Table S9. GRADE evidence profile for overall quality of evidence assessment 

Certainty assessment № of patients Effect 

Certainty Importance № of 

studies 

Study 

design 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 

considerations 

Positive 

airway 

pressure 

therapy 

Control, 

usual 

care, or 

placebo 

Relative 

(95% 

CI) 

Absolute 

(95% CI) 

Recurrent vascular events 

8 Randomised 

trials 

Not 

serious a 

Not serious b Not serious c Serious d Strong association 55/337 

(16.3%) 

112/341 

(32.8%) 

RR 0.47 

(0.28 to 

0.78) 

141 fewer 

per 1,000 

(from 181 

fewer to 

85 fewer) 

⨁⨁⨁⨁ 

HIGH 

CRITICAL 

Neurological deficit 

12 Randomised 

trials 

Very 

serious e,f 

Very serious g Not serious h Not serious i -All plausible 

residual 

confounding 

would reduce the 

demonstrated 

effect 

-Dose response 

gradient 

427 436 - g 0.79 SD 

lower 

(1.19 

lower to 

0.39 

lower) 

⨁⨁◯◯ 

LOW 

IMPORTANT 

Cognition 

8 Randomised 

trials 

Very 

serious e,f 

Very serious g Serious j Not serious 
k 

-All plausible 

residual 

confounding 

would reduce the 

demonstrated 

effect 

-dose response 

gradient 

214 240 - g 0.85 SD 

higher 

(0.04 

higher to 

1.35 

higher) 

⨁◯◯◯ 

VERY 

LOW 

IMPORTANT 

Functional independence 

17 Randomised 

trials 

Very 

serious e,f 

Very serious g Not serious l Not serious 
n 

-All plausible 

residual 

confounding 

would reduce the 

demonstrated 

effect 

-Dose response 

gradient 

545 566 - g 0.45 SD 

higher 

(0.01 

higher to 

0.88 

higher) 

⨁⨁◯◯ 

LOW 

IMPORTANT 

Daytime sleepiness 

11 Randomised 

trials 

Very 

serious e,f 

Very serious g Not serious h Not serious 
o 

-All plausible 

residual 

298 329 - g 0.96 SD 

lower 
⨁⨁◯◯ 

LOW 

IMPORTANT 
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confounding 

would reduce the 

demonstrated 

effect 

-Dose response 

gradient 

(1.56 

lower to 

0.37 

lower) 

Depression 

7 randomised 

trials 

very 

serious 
e,f,m 

very serious g serious p serious q -All plausible 

residual 

confounding 

would reduce the 

demonstrated 

effect 

-Dose response 

gradient 

153 164 - SMD 

0.56 SD 

lower 

(2.15 

lower to 

1.02 

higher) 

⨁◯◯◯ 

VERY 

LOW 

NOT 

IMPORTANT 

CI: Confidence interval; RR: Risk ratio; SMD: Standardised mean difference 

Explanations 
a. Recurrent vascular event occurrence was objectively measured. 
b. No heterogeneity (I² = 0%)  

c. All studies reported a mean PAP compliance of > 4 hours per night. 1 study only included TIA patients, and 1 study included hemorrhagic stroke patients. The other studies only include ischemic stroke patients. 

Only directly relevant interventions (non-invasive PAP) were included. All studies measured the occurrence of similar vascular events. 
d. 95% CI excludes line of null effect, but the optimal information size (OIS) criterion was not met. Total sample size (n = 678) did not meet the calculated OIS of 1912. 

e. May be influenced by lack of personnel and outcome assessor blinding. 

f. High risk for attrition bias 
g. Considerable heterogeneity (I² = ≥ 75%) 

h. Patients all had ischemic/hemorrhagic stroke and were only treated with relevant non-invasive PAP devices. Treatment initiated at different post-stroke phases, and the compliance rate towards PAP treatment varies. 

Subgroup analyses show differences in outcome when stratified for the duration of PAP use and stroke phases. Outcomes are measured using relevant scales. 
i. 95% CI excludes line of null effect, and OIS criterion was met. The sample size (n = 863) exceeded the calculated minimum OIS of 52. 

j. Patients all had ischemic/hemorrhagic stroke and were only treated with relevant non-invasive PAP devices. Treatment initiated at different post-stroke phases, and the compliance rate towards PAP treatment can 

vary. Subgroup analyses could not be performed to stratify the duration of PAP use and stroke phase. Outcomes are measured using relevant scales. However, more studies are required. 
k. 95% CI excludes line of null effect, and OIS criterion was met. The sample size (n = 454) exceeded the calculated minimum OIS of 46. 

l. Patients all had ischemic/hemorrhagic stroke and were only treated with relevant non-invasive PAP devices. Treatment initiated at different post-stroke phases, and the compliance rate towards PAP treatment varies. 

Subgroup analyses show differences in outcome when stratified for the duration of PAP use but remain insignificant in effect for the stroke phases. Outcomes were measured using relevant scales. 
m. Possibly influenced by sampling bias. 

n. 95% CI excludes line of null effect, and OIS criterion was met. The sample size (n = 1111) exceeded the calculated minimum OIS of 156. 

o. 95% CI excludes line of null effect, and OIS criterion was met. The sample size (n = 627) exceeded the calculated minimum OIS of 34. 
. Patients all had ischemic/hemorrhagic stroke and were only treated with relevant non-invasive PAP devices. Treatment initiated at different post-stroke phases, and the compliance rate towards PAP treatment varies. 

Subgroup analyses show differences in outcome when stratified for the duration of PAP use but remain unknown for the stroke phases. May require more studies for a definitive conclusion. Outcomes were measured 

using relevant scales. 

q. 95% CI crosses the line of null effect, and the OIS criterion was met. The sample size (n = 317) exceeded the calculated minimum OIS of 98. Downgraded for the possibility of a true null value. 
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Supplementary Figure S1. Risk of bias summary of all included studies and risk of bias 

graph 
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Supplementary Figure S2. Forest plot of risk ratio (95% confidence interval) showing the 

effectiveness of PAP therapy on recurrent vascular events, stratified by follow-up period 
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Supplementary Figure S3. Forest plot of risk ratio (95% confidence interval) showing the 

effectiveness of PAP therapy on recurrent vascular events, stratified by adherence 
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Supplementary Figure S4. Forest plot of risk ratio (95% confidence interval) showing the 

effectiveness of PAP therapy on recurrent vascular events, stratified by stroke phase 
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Supplementary Figure S5. Forest plot of risk ratio (95% confidence interval) showing the 

effectiveness of PAP therapy on recurrent vascular events, stratified by PAP device 
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Supplementary Figure S6. Forest plot of risk ratio (95% confidence interval) showing the 

effectiveness of PAP therapy on recurrent vascular events, stratified by baseline SDB severity 
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Supplementary Figure S7. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on neurological deficit, stratified by follow-up period 
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Supplementary Figure S8. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on neurological deficit, stratified by adherence 
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Supplementary Figure S9. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on neurological deficit, stratified by stroke phase 
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Supplementary Figure S10. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on neurological deficit, stratified by PAP device 
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Supplementary Figure S11. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on neurological deficit, stratified by baseline SDB severity 
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Supplementary Figure S12. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on cognition, stratified by follow-up period 
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Supplementary Figure S13. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on cognition, stratified by adherence 
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Supplementary Figure S14. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on cognition, stratified by stroke phase 
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Supplementary Figure S15. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on cognition, stratified by PAP device 
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Supplementary Figure S16. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on cognition, stratified by baseline SDB severity 
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Supplementary Figure S17. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on functional independence, stratified by follow-up period 
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Supplementary Figure S18. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on functional independence, stratified by adherence 
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Supplementary Figure S19. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on functional independence, stratified by stroke phase 
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Supplementary Figure S20. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on functional independence, stratified by PAP device 
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Supplementary Figure S21. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on functional independence, stratified by baseline SDB severity 
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Supplementary Figure S22. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on daytime sleepiness, stratified by follow-up period 
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Supplementary Figure S23. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on daytime sleepiness, stratified by adherence 
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Supplementary Figure S24. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on daytime sleepiness, stratified by stroke phase 

 



52 
 

 
 

Supplementary Figure S25. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on daytime sleepiness, stratified by PAP device 
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Supplementary Figure S26. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on daytime sleepiness, stratified by baseline SDB severity 
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Supplementary Figure S27. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on depression, stratified by follow-up period 
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Supplementary Figure S28. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on depression, stratified by adherence 
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Supplementary Figure S29. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on depression, stratified by stroke phase 
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Supplementary Figure S30. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on depression, stratified by PAP device 
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Supplementary Figure S31. Forest plot of Hedges’g (95% confidence interval) showing the 

effectiveness of PAP therapy on depression, stratified by baseline SDB severity 
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(A)  

Regression-based Egger test for small-study effects: p-value 0.88 

(B)  

Regression-based Egger test for small-study effects: p-value 0.85 

(C)  

 

Regression-based Egger test for small-study effects: p-value 0.86 

 

Supplementary Figure S32 Egger’s regression test and funnel plots for publication bias 

assessment of (A) neurological deficit, (B) functional independence, (C) daytime sleepiness. 
 


