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R E V I E W  A R T I C L E

Study Objectives: The primary objective was to systematically 
review the literature on how sleep disordered breathing (SDB) 
affects recurrence and death among stroke or transient 
ischemic attack (TIA) patients. A secondary objective was to 
evaluate how treatment of SDB with continuous positive airway 
pressure (CPAP) affects the risk of recurrence and death in 
these patients.
Methods: Adults (18+) with a stroke or TIA diagnosis were 
eligible for inclusion. Case groups consisted of patients with 
a sleep disorder. The outcomes of interest were all-cause 
mortality, recurrent vascular events, and case fatality.
Results: Ten articles covering 1,203 stroke and TIA patients 
were included in the review. The results generally support a 
dose-response relationship between severity of SDB and risk 
of recurrent events and all-cause mortality in stroke and TIA 
patients. Three small-scale articles with substantial risk of bias 

evaluated the effects of CPAP therapy, and the results are 
inconclusive. Data on case fatality is too sparse to be conclusive.
Conclusions: Existing studies provide suffi cient data to 
establish obstructive SDB as a negative predictor of all-cause 
mortality and recurrent vascular events following stroke or 
TIA. The ability of CPAP treatment to lower the risk of serious 
adverse outcomes after stroke remains controversial because 
of substantial risk of bias identifi ed in most of the eligible 
studies addressing this relation. Additional studies are needed.
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Sleep disordered breathing (SDB) is a term used to describe 
nocturnal breathing and ventilatory problems. SDB 

includes obstructive sleep apnea, which is defi ned as partial 
or complete closure of the upper airways and central sleep 
apnea, which describes apneic events due to lack of respira-
tory effort.1 The severity of SDB is measured by the number 
of apneas and hypopneas per hours of sleep, the apnea-
hypopnea index (AHI).

SDB has been associated with 2-3 times higher risk of 
incident stroke in several large well-designed prospective 
studies. 2-5 Moreover, a recent meta-analysis concludes that 
SDB with an AHI > 5 events/hour is seen in 72% and with 
AHI > 20 events/hour in 38% of all stroke or transient isch-
emic attack (TIA) patients.6 The highest prevalence of SDB is 
seen among male patients, patients with recurrent strokes, and 
those with stroke of unknown etiology. The underlying mech-
anisms explaining a high prevalence of SDB among stroke 
and TIA patients remain to be established, but the hypoth-
esized mechanisms behind a deleterious effect of SDB on 
stroke incidence and prognosis include hypertension, endo-
thelial damage, cardiac arrhythmias, variability in cerebral 
blood fl ow, and oxygen desaturation .7-9

Two previous reviews have found that SDB in stroke patients 
leads to poorer outcomes and increased risk of recurrent 
strok e.10,11 Another review is inconclusive about the benefi ts 
from treatment of SDB after stroke.12 The relationship between 
stroke and SDB is being increasingly discussed in the scientifi c 
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literatu re,12,13 and we aimed to systematically evaluate serious 
adverse outcomes in stroke and TIA patients related to SDB. 
This review differs from previous reviews by focusing exclu-
sively on the effects of SDB after stroke, and by reviewing 
the literature systematically. The systematic design ensures 
that all relevant studies are included regardless of outcome, 
which is necessary to draw conclusions about the state of the 
art of current literature.

Continuous positive airway pressure (CPAP) can be applied 
to patients with obstructive SDB. The rationale is that the 
closure of the upper airway can be prevented by the applied 
airway pressure when given overnight. CPAP treatment has 
been shown to reduce the severity of SDB in stroke patients 
from an AHI > 30 events/hour to 10 events/hour or l ess.14,15

The ability of CPAP to reduce recurrent events and death in 
stroke patients is still uncertain due to small and, in some 
cases, methodologically weak intervention stu dies.16,17

The objective of the present study is to systematically 
review the literature on how SDB affects the probabilities of 
recurrence and death among patients diagnosed with stroke or 
TIA. A secondary objective is to evaluate how treatment of 
SDB with CPAP affects the risk of recurrence and death in 
stroke or TIA patients. Our goal is to systematically review the 
literature and to investigate whether the present data are suffi -
cient to draw conclusions. The methodology of this systematic 
review follows the PRISMA statement for reporting systematic 
reviews and meta-analysis.18
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METHODS

Initially, a review protocol specifying the criteria of the 
review was developed. The protocol was changed once when 
the area of interest was restricted to only include stroke and TIA 
in order to get a reasonable number of studies for the qualita-
tive analysis. The protocol can be assessed by contacting the 
corresponding author.

The eligibility criteria for inclusion were: adults (18+) with 
stroke or TIA diagnosed by qualified personnel (in an emer-
gency department, stroke center, department of neurology, or 
a similar unit). Case groups had to consist of patients with a 
sleep disorder (e.g., obstructive or central sleep apnea, Cheyne-
Stokes respiration). In order to comprehensively review the 
literature on sleep and stroke outcomes, our initial protocol 
included no restrictions on sleep disorder measurements, and 
patients suffering from sleep impairment (e.g., long/short 
sleep, snoring, nightmares, poor sleep, and insomnia) were 
also eligible for inclusion into the review. However, no rele-
vant articles on sleep impairment and adverse outcomes of 
stroke and TIA were identified, and assessment of these asso-
ciations was therefore omitted from the review.

The outcomes of interest were serious adverse events, 
including case fatality (death within 28 days), all-cause 
mortality, and recurrent vascular events. Experimental studies 
and observational studies were eligible for inclusion (i.e., 
cohort design, case-control design, cross-sectional studies, and 
case-studies with ≥ 10 cases).

A systematic search of articles using MEDLINE, EMBASE, 
PsycINFO, and The Cochrane Library was conducted using the 
following search terms: Sleep; sleep apnea; sleep disorders; 
insomnia; nightmare AND stroke; transient ischemic attack 
AND prognosis; disease progression; recurrence; case fatality. 
The searches were conducted in the total time span available in 
the respective databases with no language restrictions. In order 
to identify unpublished data, we contacted the corresponding 
authors of all included studies.

Database searches were conducted on March 5, 2012, and 
updated on November 28, 2012. The study selection process is 
illustrated in Figure 1. Eight articles met the eligibility criteria 
and two additional articles were identified and included by 
screening reference lists of the full-text articles and reviews 
on adjacent topics found by a search in The Cochrane Library. 
Thus, a total of 10 studies were included in the review. During 
the selection process, studies were excluded on the grounds of: 
not performing a sleep study in all patients, mixing stroke or 
TIA patients with other diagnoses without performing separate 
analyses, and not investigating the outcomes of interest.

As we wanted to include all types of sleep disorders and 
sleep impairment, we did not make any restrictions about sleep 
exposure and sleep exposure measurements. However, all 
studies that met the eligibility criteria focused on obstructive or 
central sleep apnea or habitual snoring, which is included in the 
term SDB. The severity of SDB (the AHI) was measured with 
sleep study recorders of different brands, henceforth known 
as partial polysomnography (PSG), in all studies except two: 

Studies included in qualitative 
synthesis (n = 10)

Records excluded due to discrepancy with 
eligibility criteria (n = 31)

Records excluded due to discrepancy with 
eligibility criteria (n = 458)

Records on adjacent topics excluded
(n = 2,151)

Records after duplicates removed
(n = 2,650)

Headings screened (n = 2,650)

Abstracts screened (n = 499)

Full-text articles assessed for eligibility
(n = 41)

Records identified in reference lists
(n = 36)

Records identified through database 
searching (n = 2,660)

Figure 1—Search strategy
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Good et al. used overnight oximetry,19 and Mansukhani et al. 
used a questionnaire.20

The literature search and the screenings of headings and 
abstracts were made by JB. Data on methods, participants, expo-
sure, outcome, and results was extracted using a data extraction 
sheet developed by inspiration of The Cochrane Consumers and 
Communication Review Group’s data extraction template.21 
The data extraction sheet template used is available from the 
corresponding author upon request. The extraction of data and 
the assessment of bias were done by JB. AC read all 41 full-
text articles that were assessed for eligibility and verified all 
data extraction sheets. If consensus was not achieved, NR was 
included for a final decision.

The risk of bias was systematically evaluated in each eligible 
study. This included limitations related to study design and 
study population, randomization to treatment, proportion lost 
to follow-up, degree of adequate compliance, adjustment for 
potential confounding factors, and possible conflicts of interest.

We found great differences in the characteristics of the 
eligible studies regarding measurements of outcome, assess-
ment of sleep exposure, eligibility criteria for participants, and 
follow-up time. This lack of comparability between the studies 
was expected; thus we focused on qualitative analyses rather 
than conducting a meta-analysis.

RESULTS

SDB and Serious Adverse Events in Stroke and TIA 
Patients

We identified eight studies on SDB and serious adverse 
events in stroke and TIA patients. Study characteristics and 
main results for these are presented in Table 1. Six studies 
were European22-27 and two were North American.19,20 The 
sample sizes were small, ranging from 47 to 174 stroke or 
TIA patients. The study designs included seven prospective 
cohort studies19,20,23-27 and one cross-sectional study.22 Two 
studies presented stroke recurrence as a primary outcome,22,25 
five studies addressed all-cause mortality as primary 
outcome,19,20,23,26,27 and one study evaluated both fatal and 
nonfatal cardiovascular events.24 Two studies had case-fatality 
as secondary outcomes.20,25 The definition of SDB varied from 
AHI of 5 events/hour to 20 events/hour. An apnea episode was 
defined as 10 seconds of cessation of airflow,22,23,26,27 > 75% 
decrease,24 or > 50% decrease in airflow.25 A hypopnea was 
defined as a 25% to 50%,24 ≥ 50%,22,26,27 or a discernible23 or 
clear25 reduction in airflow or thoraco-abdominal amplitude 
for ≥ 10 seconds. In most cases, the hypopnea had to be associ-
ated with a 3% to 4% oxygen desaturation.23-27

Table 1—Overview of studies addressing the effect of sleep disordered breathing on stroke and TIA outcome

Study ID, 
Country

N 
(% male)

Age 
(SD)

Study 
design 
(follow-

up)

Interval: 
stroke 

to sleep 
study Outcome

Groups
N patients Adjustments Results

Mansukhani 
2011, USA

174 stroke 
pts. (46)

71 (14) Cohort
(262 d)

N/A All-cause 
mortality,

Case 
fatality

High risk: 105
Low risk: 69

Age, NIHSS score High risk of OSA insignificantly increased risk 
of mortality (OR = 1.8; [0.9-3.6]), but had no 

impact on risk of case fatality (RR = 1.15; 
[0.35-3.78])

Rola 2008, 
Poland

91 stroke 
pts. incl. 

22 TIA pts. 
(87)

65 (10) Cohort
(2 y)

≤ 7 d Recurrent 
stroke or 

TIA,
Case 

fatality

AHI ≤ 5: 30
AHI > 5: 61

No adjustments SDB increased risk of recurrent stroke or TIA 
(OR = 1.52; [1.06-2.14])

SDB did not significantly increase risk of 
case fatality.

Turkington 
2004, UK

120 stroke 
pts. (42)

79 (11) Cohort
(6 mo)

≤ 24 h All-cause 
mortality

AHI > 10: 
61%

Age, sex, BMI, DM, hypertension, Barthel 
index, SSS score, stroke subtype, GCS 

score, limb weakness, previous stroke, neck 
circumference, oxygen saturation

OSA predicted increased mortality rate. 
OR = 1.07; [1.03-1.12] for each additional 

unit of AHI.

Parra 2004, 
Spain

161 stroke 
pts. incl. 

39 TIA pts. 
(51)

72 (9) Cohort
(22.6 mo)

48-72 h All-cause 
mortality

AHI < 10: 45
AHI > 10: 

116

Age, sex, BMI, DM, hypertension, nicotinism, 
IHD, cardiac arrhythmia, cardiac insufficiency, 
COPD, alcohol abuse, dyslipidemia, Barthel 
index, Canadian scale score, antiplatelet and 

anticoagulant therapy

AHI carried a HR of 1.05; [1.01-1.08] for 
each additional unit of AHI.

Sahlin 2008, 
Sweden

132 stroke 
pts. (41)

75-80 Cohort
(10 y)

23 (8) d All-cause
mortality

AHI < 15: 79
AHI ≥ 15: 

51

Age, sex, BMI, DM, hypertension, nicotinism, 
atrial fibrillation, Mini-Mental State Examination 

score, Barthel index

OSA was associated with an increased risk 
of death: AHI > 15: HR = 1.76; [1.05-2.95]; 
AHI > 5: HR = 1.47; [0.88-2.47]. CSA was 

not associated with risk of death: HR = 1.07; 
[0.65-1.76]

Martínez-
García 2012, 

Spain

166 stroke 
pts. (59)

73 (11) Cohort
(7 y)

2 mo Fatal and 
nonfatal 

CVE

AHI < 20: 70
AHI ≥ 20: 

68

Age, sex, BMI, DM, hypertension, nicotinism, 
IHD, atrial fibrillation, hypercholesterolemia, 
fibrinogen levels, carotid stenosis, Barthel 

index, previous stroke or TIA

AHI ≥ 20 + non-tolerance to CPAP treatment 
carried a fatal HR of 1.76 [1.12-2.68] and a 

nonfatal HR of 2.87 [1.11-7.71]

Good 1996, 
USA

47 stroke 
pts. (55)

69 (-) Cohort
(1 y)

11-76 d All-cause 
mortality

DI < 10: 32
DI > 10: 15

No adjustments Death by 1 year correlated with mean SaO2 
(r = 0.37, p = 0.01) and percentage of time 
spent at < 90% SpO2 (r = -0.41, p = 0.004).

Dziewas 
2005, 

Germany

102 stroke 
pts. (67)

65 (14) Cross-
sectional

≤ 3 d Recurrent 
stroke

AHI < 10: 42
AHI ≥ 10: 

60

Age, sex, BMI, DM, hypertension, nicotinism, 
neck circumference, hypercholesterolemia, 

NIHSS score

AHI ≥ 10 and AHI ≥ 50 carried an OR of 3.5; 
[1.10-11.20] and 9.7; [1.60-58.34] for stroke 

recurrence, respectively.

AHI, apnea-hypopnea index; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; CSA, central sleep apnea; CVE, cardiovascular 
events; d, days; DI, desaturation index; DM, diabetes mellitus; GCS, Glasgow Coma Scale; h, hours; HR, hazard ratio; IHD, ischemic heart disease; mo, months; N, number; NIHSS, National 
Institutes of Health Stroke Scale; OR, odds ratio; OSA, obstructive sleep apnea; RR, relative risk; SD, standard deviation; SDB, sleep disordered breathing; SSS, Scandinavian Stroke Scale; 
TIA, transient ischemic attack; y, years.
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Two cohort studies and one cross-sectional study found SDB 
to be associated with higher risk of recurrent events.24,25 The 
study by Rola et al. included 91 stroke patients and found a 
higher risk of recurrent stroke or TIA after 24 months of follow-
up (odds ratio [OR], 1.52; 95% confidence interval [CI], 1.06-
2.14).25 They defined SDB as AHI > 5, which is markedly lower 
than in any of the other included studies. The mean AHI in 
patients with SDB was 20.8 ± 15.8 compared with 1.75 ± 1.4 in 
patients without SDB (p < 0.05). The relatively low cut-point 
for SDB could have overestimated the fraction of patients with 
SDB and consequently underestimated the effect. The study by 
Martinez-Garcia et al. included 166 stroke patients; they found 
that an AHI ≥ 20 and intolerance to CPAP treatment carried 
a hazard ratio (HR) of 2.87 (95% CI, 1.11-7.71) for a recur-
rent nonfatal cardiovascular event.24 In a cross-sectional study, 
Dziewas et al. showed a dose-response relation between the 
severity of SDB and the risk of stroke recurrence.22

Six cohort studies have addressed the relationship between 
SDB and all-cause mortality19,20,23,26,27 or fatal cardiovascular 
events.24 Three of these studies found an exposure-dependent 
relationship between the severity of SDB and risk of death, within 
six months,27 two years,23 and 10 years26 follow-up. Martinez-
Garcia et al. found an increased risk of premature death among 
stroke patients with AHI ≥ 20 and intolerance to CPAP treatment 
(HR, 1.76; 95% CI, 1.12-2.68) after seven years follow-up.24 
Good et al. found nocturnal oxygen desaturations to be associ-
ated with mortality after a one year follow-up.19 In a similar vein, 
Mansukhani et al. showed a nonsignificant association between 
SDB assessed by a questionnaire and mortality (OR, 1.8; 95% 
CI, 0.9-3.6) after 262 days follow-up.20 In summary, despite 
differences in study designs, definition of SDB, and length of 
follow-up, all of the included studies supported a higher risk of 
mortality among stroke and TIA patients with SDB.

Two studies included analyses on case fatality.20,25 
Mansukhani et al. found no clear association between SDB and 
case fatality based on 11 cases (relative risk [RR], 1.15; 95% CI, 
0.35-3.78).20 Rola et al. found that SDB was related to a nonsig-
nificant higher occurrence of case fatality based on six cases.25

The study by Sahlin et al. found no association between 
central SDB and increased risk of death (HR, 1.07; 95% CI, 
0.65-1.76).26 There was, however, limited statistical power 
to assess this association. In the study by Parra et al., 39% of 

the participants had central SDB, but they were not analyzed 
separately in the study.23

How CPAP Affects Stroke and TIA Outcome in Patients 
with SDB

The three studies, which addressed the effect of CPAP on 
adverse outcomes in stroke and TIA patients with SDB are 
summarized in Table 2. All 3 studies were European, involving 
376 participants in total.24,28,29 The definition of SDB varied 
from an AHI of 10 events/hour in combination with excessive 
daytime sleepiness to 20 events/hour. Compliance rates varied 
from 11%28 to 72%,29 with a mean of 37%.

Parra et al. contributed with the only randomized controlled 
trial identified on this topic. They found no significant impact 
of CPAP treatment on all-cause mortality after two years of 
follow-up (HR, 0.62; 95% CI, 0.11-3.46).29

The two other intervention studies are cohort studies 
with follow-up between five and seven years.28,24 The study 
by Martínez-García et al. concludes that patients with an 
AHI ≥ 20 and adequate CPAP compliance had hazard ratios 
that were not different from patients with an AHI < 20 in terms 
of both fatal and nonfatal cardiovascular events.24 In the final 
intervention study by Bassetti et al., only eight of 70 interven-
tion patients had adequate compliance, leaving limited strength 
to assess the association.28

DISCUSSION

Summary of Evidence
Based on this systematic review of the literature SDB is 

identified as a risk factor for recurrence and mortality following 
stroke or TIA. Central SDB is only seen in few cases and its 
impact on recurrence and mortality following stroke remains 
controversial. The evidence suggests that there is a dose-
response relationship between the severity of obstructive SDB 
and the risk of serious adverse outcomes in stroke and TIA 
patients. The presented data are too sparse to draw conclusions 
about the risk of case fatality.

In terms of CPAP treatment, the only randomized controlled 
trial showed no protective effect of CPAP usage among stroke 
patients with SDB.29 Martínez-García et al. found that adequate 

Table 2—Overview of studies addressing how CPAP affects stroke and TIA outcome in patients with sleep disordered breathing

Study ID, 
Country

N
Intervention/

Control (% male) Age (SD)

Study 
design 
(follow-

up)

Interval: 
stroke to 

intervention 
(SD) Cpl. % Outcome Adjustments Results

Parra 2011, 
Spain

71/69 stroke pts. 
with AHI ≥ 20 (71)

65 (9) RCT (2 y) 4.6 (2.8) d 72 All-cause 
mortality

Age, sex, BMI, hypertension, nicotinism, IHD, 
Barthel index, Canadian scale score, Epworth 

Sleepiness Scale, Rankin scale

CPAP HR = 0.62; [0.11-3.46]; 
p = 0.586

Martínez-
García 2012, 

Spain

96/0 stroke pts. 
with AHI ≥ 20 (59)

73 (11) Cohort 
(7 y)

2 (-) mo 29 Fatal and 
nonfatal 

CVE

Age, sex, BMI, DM, hypertension, nicotinism, 
IHD, atrial fibrillation, hypercholesterolemia, 
fibrinogen levels, carotid stenosis, Barthel 

index, previous stroke or TIA

Patients with AHI ≥ 20 treated 
with CPAP had a fatal and 

nonfatal CVE risk indifferent from 
patients with AHI < 20.

Bassetti 2006, 
Switzerland

70/0 stroke pts. 
with AHI ≥ 15 or 
≥ 10 + EDS (68)

56 (13) Cohort 
(5 y)

3 (2) d 11 All-cause 
mortality,

Recurrence

No adjustments CPAP treatment did not affect 
outcome in stroke patients with 

SDB. No exact results.

AHI, apnea-hypopnea index; BMI, body mass index; CPAP, continuous positive airway pressure; Cpl, compliance; CVD, cardiovascular disease; CVE, cardiovascular events; d, days; DM, diabetes 
mellitus; EDS, excessive daytime sleepiness; HR, hazard ratio; IHD, ischemic heart disease; mo, months; N, number; OR, odds ratio; RCT, randomized controlled trial; SD, standard deviation; 
SDB, sleep disordered breathing; TIA, transient ischemic attach; y, years.
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CPAP treatment neutralized the excessive risk of cardiovascular 
events associated with SDB.24 The cohort study by Bassetti et al. 
did not prove any benefit of CPAP treatment in stroke patients 
with SDB.28 The evidence is too sparse to draw conclusions. 
Low compliance rates, mainly because of discomfort with the 
machine, are a major problem even when the patients in the 
worst mental and physical conditions are left out.24,28 Further 
studies are needed to clarify the role of CPAP treatment among 
stroke patients with SDB.

Risk of Bias within Studies
Six of the included studies were well adjusted for baseline 

characteristics and known cardiovascular and cerebrovas-
cular risk factors; one study adjusted for only age and stroke 
severity20; while three studies investigated for differences in the 
distribution of confounding factors among the study groups, 
but made no adjustments (Tables 1 and 2).19,25,28 In studies 
with insufficient adjustments cerebrovascular risk factors such 
as hypertension, smoking, obesity, and arrhythmias could be 
distributed unevenly among the study groups and potentially 
introduce confounding.

None of the studies used full PSG to measure SDB in all 
patients. Instead, different validated partial PSG systems were 
used. Good et al. used a simple overnight oximetry to calculate 
the desaturation index (DI) on basis of episodes with ≥ 4% desat-
uration from baseline and time with SpO2 < 90%.19 The authors 
recognize that the fraction of patients having SDB could be 
underestimated. In the Mansukhani study20 SDB was assessed 
by the Berlin Sleep Questionnaire, which has previously been 
validated to have a positive predictive value between 89% and 
96% in identifying patients with sleep apnea.30,31 While the use 
of alternatives to full PSG might be an economic necessity 
when classifying SDB, low diagnostic agreement with full PSG 
may lead to misclassification of some SDB patients and prob-
ably underestimation of the associations.

The time interval from stroke onset until sleep study varied 
significantly among the studies - from 24 hours to 76 days. The 
previously mentioned meta-analysis by Johnson et al.6 found 
no difference in SDB frequency related to the timing of the 
sleep study in a review of 29 studies. A few studies have found 
spontaneous remission of SDB, and we cannot exclude that the 
variations in time interval could possibly influence the findings.

Two studies included both stroke and TIA patients, but the 
results were not subdivided by these diagnoses.23,25 There is no 
indication that stroke and TIA differ in risk of serious adverse 
outcomes in relation to SDB, but a separation of patient types 
would have been preferable. Few studies included both central 
and obstructive SDB, with up to 39% of the patients having 
central SDB,23 without conducting separate analyses. If central 
SDB is not a predictor of serious adverse outcomes, as the 
Sahlin study26 suggests, these studies potentially underestimate 
the deleterious effects of obstructive SDB.

Risk of Bias Related to CPAP Studies
In terms of bias associated with study design, the two non-

randomized intervention studies had control groups consisting of 
patients who did not tolerate CPAP treatment. Even though the 
groups were adjusted for potential cerebrovascular confounders, 
it is likely that patients who tolerated CPAP had better mental, 

cognitive, or social status, and potentially a better prognosis before 
treatment, thus introducing selection bias. This could have led to 
an overestimation of the protective effect of CPAP treatment.

Low compliance rates caused substantial risk of bias in most 
of the intervention studies. When a great deal of the interven-
tion group, and most likely those in the worst condition, is left 
out of the analyses, the beneficial effect of treatment is likely to 
be overestimated.

The only potential conflicts of interest declared in the 
included studies were related to Bassetti, who is member 
of the medical advisory board of ResMed, the company that 
produced the CPAP device used in the study.28 The role of this 
relationship is unknown, however, the results of the study did 
not show any beneficial effects of CPAP treatment in stroke 
patients with SDB.28

Risk of Bias across Studies
The AHI score used to classify SDB was very variable, and 

while some studies found a higher risk of adverse outcomes 
even at low cut points for SDB,22,23,25,27 other studies only found 
an effect in the more severe cases of SDB.24,26 The definitions 
used to classify apneas and hypopneas and the partial PSG 
recorders differed slightly across the studies. Such variations 
and their possible influence on the results are inevitable. No 
studies used placebo CPAP, also known as sham CPAP, though 
this is available.32 Given the major impact on daily living asso-
ciated with CPAP usage, long-term trials with placebo CPAP 
could very well be considered unethical, though a demand for 
these trials is proposed by many authors.

Patients with a diagnosis of previous stroke are expected to 
have a worse prognosis than first-time stroke victims. However, 
four studies screened for and included patients with previous 
stroke at baseline,19,24,26,27 and two studies did not assess the 
occurrence of previous stroke in their baseline characteristic.20,28

It is well known that positive results are more likely to be 
published than negative results, especially in terms of small 
studies as the ones included in this review. By making a broad 
search in different electronic databases, and by contacting 
authors of eligible studies, we did our utmost to assess all 
existing relevant studies, but the existence of publication bias 
cannot be fully excluded.

In summary, based on this systematic and comprehensive 
review of the literature, we conclude that existing studies provide 
sufficient data to establish obstructive SDB as a negative predictor 
of serious adverse outcomes following stroke or TIA in terms of 
all-cause mortality and recurrent vascular events. The evidence 
on central SDB is insufficient, and additional studies are needed 
to address this relationship. The present data on case fatality are 
also very sparse and inconclusive. The ability of CPAP treatment 
to lower the risk of serious adverse outcomes after stroke remains 
controversial because of substantial risk of bias identified in 
most of the eligible studies addressing this relation. Intolerance 
to CPAP treatment among stroke patients is high, and alterna-
tive ways of treating SDB should be considered including, for 
example, positional therapy, which has been shown to reduce 
SDB by changing sleeping position,33 and usage of therapeutic 
pillows.34 In relevant cases, weight loss intervention should be 
considered as a way to reduce SDB severity and cerebrovas-
cular risk. Given the results of this systematic review, we suggest 
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that SDB should be recognized as a predictor of worse outcome 
among stroke patients, but further studies are necessary in order 
to recommend an appropriate intervention for these patients.

ABBREVIATIONS

AHI, apnea-hypopnea index
CI, confidence interval
CPAP, continuous positive airway pressure
DI, desaturation index
HR, hazard ratio
OR, odds ratio
PSG, polysomnography
RR, relative risk
SDB, sleep disordered breathing
TIA, transient ischemic attack
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