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Abstract
The association between sleep-disordered breathing 
(SDB) and cardiovascular risk has been the focus of 
attention in recent years. Sleep disorders are emerging 

risk factors for cardiovascular disease and have been 
related to the whole spectrum of stroke, including 
transient ischemic attack, ischemic cerebral infarction 
and intracerebral haemorrhage. It has been shown 
that lacunar stroke or lacunar infarctions affecting the 
internal capsule or the protuberance are associated with 
a higher frequency of SDB. Acute stroke patients with 
associated SDB have a worse prognosis and a higher 
mortality as compared to patients with first-ever stroke 
without SDB. Preliminary studies provide evidence of 
the usefulness of treatment with continuous positive 
airway pressure when SDB is present in stroke patients.
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Core tip: Sleep disorders including obstructive sleep 
apnea are associated with an increased risk for a 
number of cardiovascular diseases, notably acute cere
brovascular events. A number of studies have shown a 
high prevalence of sleep-related breathing disorders in 
patients with stroke. A decrease in cerebral perfusion 
and increased coagulability related to metabolic, 
hematological and hemodynamic changes occuring in 
the presence of sleep-related breathing disorders are 
proposed as potential mechanisms in the pathogenesis 
of stroke. Early diagnosis and prompt therapeutic mea
sures, including continuous positive airway pressure are 
necessary to reduce the stroke risk associated with sleep 
disorders. Sleep-related breating disorders should be 
considered modifiable risk factors for stroke, although 
they are frequenty underdiagnosed. The relationship 
between sleep breathing disorders and stroke should be 
further investigated for improving primary and secondary 
stroke prevention strategies and to contribute to reduce 
the global burden of stroke.
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INTRODUCTION
Sleep-disordered breathing (SDB) and stroke, a 
relationship story that from our point of view is a sort of 
story not yet ended, since as we shall see, is still under 
construction.

One of the first reports from the Sleep Heart Health
Study[1] postulated an association of SDB with cardio
vascular disease. A total of 6424 subjects were included 
in a cross-sectional study and underwent fully polysom
nography at home. Sixteen percent reported at least 
one manifestation of cardiovascular disease, such as 
heart failure, angina, myocardial infarction, stroke or 
revascularization procedure. Considering upper vs 
lower apnea-hypopnea index (AHI) quartile, SDB was 
associated more strongly with heart failure (OR = 2.38, 
95%CI: 1.22-4.62) and stroke (OR = 1.58, 95%CI: 
1.02-2.46) than with coronary heart disease (OR = 
1.27, 95%CI: 0.99-1.62). Therefore, this study shows 
that the effects of SDB were compatible with hetero
geneous manifestations of cardiovascular disease, 
including stroke. Later on, other studies, among which 
the publication of Marin et al[2] has been probably one 
of the most cited, showed that the presence of SDB 
was related with an increase in cardiovascular morbidity 
and mortality especially when obstructive apnea was 
not treated with nasal continuous positive airway 
pressure (CPAP). Moreover, in a systematic review of 
the interaction of cardiovascular pathophysiology and 
obstructive sleep apnea, several of the mechanisms 
identified (sleep fragmentation, increased oxidative 
stress, metabolic dysregulation, increased sympathetic 
activation, increased platelet aggregability and vascular 
endothelial dysfunction) were described as possible 
explanations for implicating obstructive sleep apnea 
in the pathogenesis of hypertension and also as a 
contributing factor to stroke and cerebrovascular dis
ease[3]. Much research has been done dealing with 
the association of SDB with hypertension and cardiac 
diseases, but there are fewer data regarding the relation
ship with stroke.

We here present an overview of salient findings 
regarding different aspects of the relationship between 
SDB and stroke, including SDB frequency, SDB types 
and clinical presentation, SDB as a risk factor for stroke 
and SDB as a prognostic factor for stroke, as well as 
treatment options in patients with SDB. Data here 
presented is based on a selective review of the literature 
of the most relevant publications that according to the 
author’s criteria are of the interest of the readers. This 
information is presented together with data related 
to the experience of our group in the management of 

stroke patients with SDB.
A meta-analysis of the frequency of sleep apnea in 

patients with stroke and transient ischemic attack (TIA), 
which included 29 studies with 2343 patients, found 
that SDB was present in 71.4% of patients for AHI > 
5 and in 14% for AHI > 40[4]. Also, the percentage of 
patients with AHI > 10 was higher among patients with 
recurrent stroke as compared to patients with first-ever 
stroke (73% vs 57%, P = 0.013) as well as in males 
than females (65% vs 48%, P = 0.001). Interestingly, 
patients with stroke of unknown cause (undetermined 
stroke) showed the highest incidence of SDB, confirming 
that SDB influences cerebrovascular events beyond its 
association with traditional cardiovascular risk factors. 
The findings of this meta-analysis support the need for 
screening for SDB in all TIA and stroke patients[4]. 

In a prospective study of 161 patients admitted 
to our stroke unit undergoing a portable respiratory 
recording study within 48-72 h after admission, AHI 
> 10 was recorded in 71.4% of cases and AHI > 30 
in 28% (Table 1)[5]. In relation to the type of events 
and their clinical presentation, any types of respiratory 
events were observed, including obstructive, mixed 
and central apneas as well as Cheyne-Stokes (CS) 
breathing pattern. CS respiration was present in 26% of 
the patients. Differences in the percentage of patients 
with AHI > 10 and AHI > 30, which can be considered 
a severe sleep apnea, in relation to the different stroke 
subtypes (TIA, ischemic and hemorrhagic stroke) were 
not found. On the other hand, patients were neither 
obese nor had daytime somnolence according to results 
of the Epworth Sleepiness Scale. Three months after the 
acute phase of stroke, there was a reduction of SDB, 
mainly due to a decrease in central respiratory events. 
These results, in some way, led us to hypothesize 
that most obstructive apnea events were previous to 
stroke (perhaps acting as a risk factor) and that central 
obstructive events and CS respiration were secondary to 
stroke[5].

In this previous study, a correlation between the 
presence of SDB and the topography of stroke could 
not be established given that lesions were often too 
large and involved different cerebral areas. For this 
reason, we examined the occurrence of SDB in patients 
with lacunar stroke. Lacunar stroke is characterized by 
small, localized brain ischemic lesions with a maximum 
diameter smaller than 20 mm found in the blood supply 
of a penetrating arteriole, affecting different subcortical 
topographies[6,7]. In a clinical series of 68 patients with 
proven lacunar infarction, SDB was frequent, with 69% 
of patients showing AHI ≥ 10, 44% AHI ≥ 20, and 
25% AHI ≥ 30. Variables independently associated with 
SDB were determined by logistic regression analysis. As 
shown in Table 2, smoking and topography of lacunes 
in the pons or the internal capsule were significant 
predictors of SDB. Body mass index was inversely 
associated with SDB. Therefore, smoker patients with 
capsular or pontine lacunar infarction should be screened 
for SDB[8]. Surprisingly, CS respiration was documented 
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in 20.6% of patients, which was in contrast with the 
previous idea that CS breathing pattern usually occurs 
in large strokes with unfavourable prognosis. Patients 
with CS respiration as compared with those without 
CS respiration showed higher AHI and central apnea 
index as well as higher scores of the Barthel index and 
the Canadian Neurological scale as a measure of stroke 
severity, and longer hospital stay[9].

But which are the evidences that we have about 
SDB being a risk factor for stroke? Two large cross-
sectional studies, the Sleep Heart Health Study[1] 
and the Wisconsin Sleep Cohort Study[10] found an 
association between SDB and stroke, after adjusting 
for confounders and also a dose-response effect. 
Furthermore, longitudinal data of the Wisconsin Sleep 
Cohort showed a higher occurrence of stroke during 
a 4-year follow-up period in patients with high AHI, 
although statistical significance was not reached pro
bably due to the low statistical power related to the 
sample size[10]. Further data from the Sleep Heart Health 
Study, with 5422 participants without a history of stroke 
at the baseline examination and untreated for sleep 
apnea followed for a median of 8.7 years, revealed that 
the adjusted hazard ratio increased with each one unit 
increase in obstructive AHI (OAHI). Patients with an 
AHI > 20 had a worse survival. In men, each one unit 
increase in OAHI was estimated to increase stroke risk 
by 6%[11]. In a meta-analysis of 17 prospective cohort 

studies to assess the effect of obstructive sleep apnea 
(OSA) on cardiovascular events, it was concluded that 
moderate to severe OSA increased significantly the risk 
of cardiovascular diseases, particularly stroke risk[12].

And what about SDB as a prognostic factor for 
stroke? In 1996, Good et al[13] already shown that 
arterial oxyhemoglobin desaturation (SaO2) correlated 
with lower functional abilities as measured by the Barthel 
index at discharge and at 3 and 12 mo of follow-up. The 
study of Kaneko et al[14] in 2003, showed that patients 
with sleep apnea and stroke had lower functional 
capacity as compared to patients without sleep apnea, 
and also had longer periods of hospitalization and 
rehabilitation. 

In our chort of 161 patients with TIA or a first-
ever stroke followed over 2 years, AHI > 30 was an 
independent factor of poorer survival (Figure 1), with an 
implied 5% increase in mortality risk for each additional 
AHI unit[15]. Results of this study indicate that SDB may 
be considered an independent prognostic factor related 
to fatal outcome after a first stroke episode[15]. Similar 
results were obtained in other studies, in which the 
presence of OSA in stroke patients was associated with 
an increased risk of early death as compared to patients 
without OSA[16,17]. 

Most of the pathophysiological mechanisms described 
as being involved in the development of cardiovascular 
disease as a whole, could also be applied to stroke in 
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Table 1  Sleep-related parameters in 161 consecutive patients with first-ever stroke included in the "Sagrat Cor Hospital of 
Barcelona Stroke Registry"[5]

Data Transient ischemic attack (n  = 39) Ischemic stroke (n  = 112) Hemorrhagic stroke (n  = 10) Total (n  = 161)

Age, yr, mean (SD)   67.9 (10.1) 72.5 (8.9)      73 (10.5) 72 (9)
Body mass index, kg/m2, mean (SD) 27.3 (4.6) 26.2 (3.7) 26.7 (2.6) 26.6 (3.9)
Epworth sleepiness scale, score, mean (SD)    47 (3.3)   4.9 (3.3)   4.3 (2.1)   4.8 (3.3)
AHI, mean (SD)   19.4 (16.7)   21.5 (15.7)      25 (11.9)   21.2 (15.7)
OAI, mean (SD)     5.9 (10.2)   3.9 (7.8)   5.4 (6.7)   4.5 (8.4)
CAI, mean (SD)  3.32 (7.9)a     5.9 (10.1)    11.1 (15.1)a     5.6 (10.1)
Cheyne-Stokes breathing pattern, n (%)        8 (20.5)      31 (27.7)     3 (30)      42 (26.1)
AHI, n (%)
   > 10      24 (61.5)      83 (74.1)     9 (90) 116 (72)
   > 30      10 (25.6)      31 (27.7)     4 (40)      45 (27.9)
CT90%, mean (SD)     8.2 (13.1)     8.1 (17.8)   5.7 (7.1)     7.8 (15.7)

CAI: Central apnea index; AHI: Apnea-hypopnea index; OAI: Obstructive apnea index; CT90%: Percentage of time below 90% arterial oxygen saturation; 
TIA: Transient ischemic attack. aP = 0.03 between CAI of TIA patients and CAI of patients with hemorrhagic stroke.

Model β SE (β) OR (95%CI) P  value

AHI ≥ 10
   Topography in the internal capsule or pons or smoking 1.153 0.576 3.17 (1.02-9.79) 0.045
AHI ≥ 20
   Smoking and topography in the internal capsule or pons 2.225 1.111   9.25 (1.05-81.70) 0.045
AHI ≥ 30
   Smoking 2.977 1.255   19.64 (1.68-229.85) 0.018
   Body mass index 0.520 0.203 1.68 (1.13-2.50) 0.010

Table 2  Variables independently associated with different sleep-disordered breathing in a clinical 
series of 68 patients with first-ever lacunar infarction[8]

AHI: Apnea-hypopnea index; SE: Standard error.
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tolerated CPAP[24]. However, no randomized controlled 
trials have been conducted to determine the value of 
CPAP treatment in stroke patients with SDB. For this 
reason, we designed a randomized controlled trial in 
which patients with ischemic stroke were assigned to 
early treatment with nasal CPAP (3-6 d after stroke 
onset) or conventional treatment[25]. The first learning 
from our study was that treating these patients with 
nasal CPAP in the acute stroke phase was feasible. The 
baseline characteristics of the 14 patients (19.7%) 
excluded from the study, because of refusal of nasal 
CPAP during hospitalisation were similar to those of 
the whole study population. The mean (SD) nasal 
CPAP use was 5.3 (1.9) h/night during a mean of 6.8 
(0.6) nights/wk. The mean nasal CPAP pressure was 
8.6 cm H2O. A face mask was necessary in only four 
patients because of leaks, mainly due to facial palsy. The 
percentage of patients with neurological improvement 
1 mo after stroke was significantly higher in the CPAP 
group than in controls (Rankin scale 90.9% vs 56.3%, 
OR = 5.8, P < 0.01; Canadian scale 88.2% vs 72.7%, 
OR = 2.8, P < 0.05). Early use of nasal CPAP seems 
to accelerate neurological recovery and to delay the 
appearance of cardiovascular events, although an 
improvement in patients’ survival was not shown, 
perhaps because the follow-up period was not longer 
enough[25]. Therefore, the same group of patients was 
followed for a total of 5 years, and patients in the CPAP 
group had a higher survival free of cardiovascular events 
than controls[26]. Thus, we could suggest for the first 
time that early nasal CPAP therapy has some positive 
effect on long-term survival in patients with ischemic 
stroke and moderate-severe OSA[26].

The story of the relationship between SDB and 
stroke has not yet come to the end. There is sufficient 
evidence that this relationship makes sense and is 
going to be confirmed in future studies. However, for 
the present and future scenarios, pneumologists and 
neurologists especially those working in stroke units 
should work together to pursue in the establishment of a 
definitive relationship between sleep disorders and acute 
cerebrovascular events.
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