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Introduction

The connection between sleep-disordered breathing (SDB) 
and stroke was first observed in the 19th century, but has been 
extensively studied only since the 1980’s. Stroke remains an 
important cause of death and is associated with important 
chronic morbidity. The identification of modifiable risk 
factors, among them SDB, may help establish more efficient 
primary and secondary prevention stroke strategies. Multiple 
studies in the last 30 years have demonstrated the existence 
of a bi-directional relationship between SDB and stroke: 
SDB as cause (risk factor) for stroke, but also as a potential 
consequence of stroke. In this review, we examine this 
“chicken or egg” relationship (Figure 1).

Sleep disordered breathing as a risk factor for 
stroke 

SDB is one of the most frequent causes of excessive daytime 

sleepiness in the general population. The prevalence of 
SDB as defined by an apnea + hypopnea index (AHI) greater 
than 5 events per hour of sleep exceeds 70%, whereas the 
prevalence of moderate (AHI ≥15/h) or severe (AHI >30/h) 
sleep apnea is 50% and 2–3% (in patients ≥60 years of age 
over 10%), respectively (1,2). Severe obstructive sleep apnea 
(OSA) is associated with increased overall cardiovascular 
mortality and plays an important role in the pathogenesis of 
cerebrovascular disease (3,4). This has led to increased SDB-
screening in patients with cerebrovascular disorders (5,6).

Snoring and stroke

Studies examining the link between snoring and stroke since 
the 1980`s have provided inconsistent findings. Habitual 
snoring of two or more nights per week was reported to be 
associated with a 25% higher risk of stroke (7). Although 
additional studies suggest that snoring could be a significant 
risk factor for stroke (8,9), others could not find this 
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association (10). Davies et al. (11) suggest that snoring may 
lead to greater sleepiness during the pre-stroke period. 
Neau et al. (9) found that stroke risk is higher among 
older male patients with arterial hypertension and lifelong 
snoring. The link between snoring and stroke seems to be 
particularly strong when habitual snoring is associated with 
symptoms or signs suggestive of OSA such as hypersomnia, 
witnessed apneas and obesity (12). Snoring frequency may 
also adversely affect the prognosis of patients experiencing 
stroke (13). Despite these reported findings, habitual 
snoring has not significantly been associated with wake-up 
strokes (9). 

An observational cohort study by Lee et al. (14) found 
that heavy snoring significantly increases the risk of carotid 
atherosclerosis, independently of other known risk factors, 
such as nocturnal hypoxia and sleep apnea severity. It has 
been hypothesized that snoring causes a marked vibration 
of the neck tissues, leading to turbulent flow through 
the carotid arteries, potentially contributing to atheroma 
formation. The Oxford Vascular Study by Mason et al. (15), 
however, did not find a significant association between a 
history of frequent snoring and the presence of carotid 
atheroma, degree of stenosis, or plaque type. However, 
snoring as a self-reported symptom can also occur in 
the absence of significant SDB. As a result, its reliability 
as an indicator of OSA-associated stroke risk remains 
questionable.

Upper airway resistance syndrome (UARS) and stroke

UARS and its clinical definition remains a controversial 
nosological entity. It is defined by the presence of 
respiratory effort-related arousals (RERA), such as snore 

arousals, that disrupt sleep without significant desaturations 
or associated apneas (16,17). To our knowledge, there are 
no consistent data describing a possible connection between 
UARS and stroke. Compared to mild forms of OSA, patients 
with UARS are reported to have a worse sleep quality, 
as well as more fatigue and attention disturbances (18),  
suggesting a disrupted sleep pattern which may also be 
a potential risk factor for stroke (5). In addition, some 
authors have found UARS to increase the risk of developing 
treatment resistant arterial hypertension secondary to 
sympathetic over-activity (19), which could indirectly 
augment stroke risk.

Obstructive sleep apnea and stroke

OSA is characterized by either partial (hypopnea) or total 
(apnea) airway obstruction during sleep despite respiratory 
effort, resulting from a collapse of upper airway structures. 
OSA is very common in the general population and its 
association with an increased stroke and cardiovascular 
risk has been studied extensively. Several meta-analyses 
have shown that the risk of stroke is increased by a factor 2  
in untreated OSA patients, especially in younger male 
patients. Nevertheless, it is still unclear to what extent OSA 
is an independent risk factor for stroke when factoring 
other modifiable risk factors such as arterial hypertension, 
ischemic heart disease, smoking or diabetes mellitus (20,21). 

The etiology of an increased stroke risk from SDB is 
suggested to be due to the acute physiological consequences 
and intermediary mechanisms arising from SDB such as 
recurrent hypoxia and sympathetic activation during sleep 
(4,22,23). Recurrent hypoxia is accompanied by intrathoracic 
pressure changes, sympathetic activation and blood pressure 

Figure 1 The bi-directional relationship between SDB and stroke. SDB, sleep-disordered breathing.
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swings. These acute physiological effects from recurrent 
breathing stoppages trigger intermediary mechanisms such 
as oxidative stress, endothelial dysfunction and inflammation, 
which lead to cardiovascular complications that include 
arterial hypertension, atherosclerosis, arrhythmias, 
hypercoagulation, heart failure and paradoxical embolism. It 
is well documented that OSA is an independent risk factor for 
cardiovascular diseases that are known to carry a major risk 
of stroke, such as arterial hypertension (24,25). Prolonged 
obstructive apneas with severe oxygen desaturations (in some 
case over 140 s, with SpO2 nadirs below 50%) negatively 
influence arterial blood pressure by causing hypoxia-
induced surges with a subsequent development of recurrent 
symptomatic or asymptomatic strokes (26,27). OSA also has 
a strong association with atrial fibrillation (AF), coronary 
artery disease, congestive heart failure, and diabetes, which 
are independent risk factors for stroke (28,29).

Acute and immediate causes of stroke, possibly related to 
SDB, include long apneas with a subsequent possible right-
to-left shunting that may facilitate stroke due to paradoxical 
embolism (30). In a retrospective, case-control, study, 
Lipford et al. (31) identify a strong association between 
OSA and cardioembolic stroke with paroxysmal AF as a 
probable causative factor. The negative impact of OSA has 
been demonstrated in another retrospective study with 
more than 5,000 patients where stroke was more common 
in patients with the comorbidity of AF and OSA (32). In 
a recent study focused on the relationship between post-
stroke OSA and stroke etiology, Poli et al. (33) also conclude 
that AF with subsequent cardioembolism is a major source 
of stroke based on a prospective analysis of 134 patients, 
showing twice the proportion of cardioembolic stroke in 
SDB patients (41.1% SDB patients vs. 20.5% of non-SDB 
patients).

Central sleep apnea (CSA) and stroke

CSA is characterized by cyclic fluctuations in respiratory 
drive with repetitive cessations or decreases in both 
airflow and ventilatory effort alternating with hyperpnea 
during sleep (34,35). The condition can be primary (i.e., 
idiopathic CSA) or secondary to a medical condition, drug 
or substance intake, or high-altitude periodic breathing. 
Data on CSA as risk factor for stroke are scarce. In a cross-
sectional prospective study by Rupprecht et al. (36), CSA 
was associated with the presence of autonomic dysfunction 
in patients with asymptomatic stenosis of the extracranial 

internal carotid artery, which is an independent risk factor 
for stroke. In a 6-year observational study in elderly people, 
CSA was associated with a higher incidence of stroke 
(incidence of 11.28 per 1,000 person-years) (37). 

Obesity hypoventilation syndrome (OHS) and stroke

The triad of obesity, daytime hypoventilation, and SDB 
without an alternative neuromuscular, mechanical, or 
metabolic cause of hypoventilation define OHS. This 
syndrome is a complex multi-organ system disease with a 
significant morbidity and mortality that should be viewed 
as a disease entity distinct from simple obesity and OSA 
(38,39). To our knowledge, there are no studies exploring 
the association between OHS and stroke. A higher BMI 
seems to be a risk factor for stroke (40). Nevertheless, 
a Korean study by Kim et al. (41) found an obesity 
paradox with obese stroke patients having a decreased 
risk of mortality compared to overweight stroke survivors  
(HR of 0.83 and 95% CI of 0.74–0.92 for BMI 27.5–30; 
HR of 0.77 and 95% CI of 0.63–0.93 for BMI 30–32.5). A 
gender-specific difference was seen in a Japanese study with 
a low BMI being a risk factor for all-stroke and cerebral 
infarction in men, while high BMI was a risk factor for all-
stroke in women (42).

Sleep disordered breathing as a consequence of 
stroke 

Prevalence of SDB in stroke patients

The prevalence of SDB in stroke survivors, or after 
transient ischemic attack (TIA), is high at 72% for an AHI 
>5/h in a meta-analysis published in 2010 (43). One third of 
stroke survivors have an AHI >30/h (43). These data recently 
have been confirmed in meta-analyses from our group and 
others (44). The most common form of SDB in stroke 
patients is OSA. Less common are CSA and Cheyne-Stokes 
breathing (CSB), the frequency of which may vary depending 
upon the interval of recording after stroke. A few studies have 
shown that in the initial days after stroke, CSB is frequent 
and associated with older age, stroke severity/extension, and 
left ventricular dysfunction (45). 

Not infrequently, stroke patients present with complex 
SDB involving a combination of obstructive [primarily 
in rapid eye movement sleep (REM) sleep] and central 
[primarily in light non-rapid eye movement (NREM) 
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sleep] breathing events. Stroke may cause (or worsen pre-
existing) SDB through multiple mechanisms. These include 
a disturbed coordination of upper airway, intercostal, and 
diaphragmatic muscles due to supra- or infratentorial 
stroke potentially favoring OSA. In patients with medullary 
lesions, a reduced ventilatory sensitivity to inhaled CO2, 
together with damage to brainstem respiratory drive centers, 
can predispose to apneas (46). Other factors, including 
hypoxemia due to aspiration or respiratory infections, 
reduction of voluntary chest movements on the paralyzed 
side, prolonged supine position, medications, and sleep 
fragmentation secondary to stroke complications (e.g., pain, 
depression) may also play a role. An interesting study of 
Brown et al. (47) shows that approximately 40% of ischemic 
stroke patients have hypoglossal nerve dysfunction that may 
contribute to SDB. Prolonged supine body position, which 
is very common in the acute stroke phase, may exacerbate 
positional SDB in up to 25% of stroke patients (48,49). The 
evolution of SDB severity following stroke is less clear and 
has been described to be either stable in severity in group 
comparisons (43) or to decrease in severity during recovery 
in longitudinal studies (50-53).  

Stroke topography and SDB

Evidence suggests that damage to specific brain structures 
can affect breathing patterns in both wakefulness and 
sleep. Several studies have failed to identify a relationship 
between stroke topography and type or severity of SDB (54).  
Other studies have found an association between both SDB 
severity and type with specific topographies of stroke. For 
example, one study suggests that the frequency of SDB 
is higher after brainstem stroke (55). A few observations 
suggest that CSA may be related to specific lesions affecting 
the central autonomic network (45,56). Several case reports 
have suggested that stroke location may impact the type or 
severity of SDB. Faludi et al. (57) describe a case of stroke 
in the bilateral paramedian mesencephalon and thalamus 
with evolution of SDB from CSA to OSA. Focal ischemic 
lesions in the medulla oblongata have been shown to cause 
CSA with a necessity of mechanical ventilation and slow 
recovery. Planjar-Prvan et al. (58) present two cases of fatal 
CSA in patients with infarcts in the medulla oblongata at 
the level of the solitary tract nuclei. On the other hand, De 
Paolis et al. (59) describe a shift of a preexisting OSA into a 
severe CSA after an ischemic stroke located in the posterior 

limb of the left internal capsule and corona radiata. 

Stroke types, etiology and SDB

Although several studies report that hemorrhagic stroke 
is frequently associated with SDB (60), one meta-analysis 
did not find a difference in prevalence when compared to 
ischemec stroke (43). Lacunar strokes were associated with 
greater severity of OSA with higher AHIs than cortical 
strokes in one study (52). 

Specific stroke etiologies were also found in some but not 
all studies to be associated with the presence or severity of 
SDB. In a prospective study of 335 stroke patients, Ciccone 
et al. (30) identified significantly more wake-up strokes/TIAs 
in patients with right- to left shunts and long obstructive 
apneas (>20 s) than in patients without this association 
[odds ratio (OR) 1.91]. The authors concluded that this 
finding supports the hypothesis that long episodes of OSA 
can induce paradoxical embolism. Cardioembolic strokes 
were also seen more often in a retrospective study in stroke 
survivors with OSA than controls (AHI <10/h) with the 
majority of cardioembolic strokes in those with moderate 
to severe OSA (31). In the same study, AF was also more 
frequent in stroke patients with OSA. A prospective study 
with 152 patients found that a macroangiopathic etiology of 
stroke was significantly more common in patients with severe 
SDB (AHI >30/h) than in patients with an AHI <10/h (53),  
while Brown et al. (61) did not find an association between 
AHI and stroke subtypes.

Long-term effects of SDB in stroke patients

SDB increases mortality risk and worsens both short and 
long-term functional outcomes, particularly when the 
SDB is under- or untreated (62,63). In comparison with 
the other stroke patients, those with SDB appear to have a 
higher National Institutes of Health Stroke Scale (NIHSS) 
and modified Rankin Scale (mRS) scores, as well as higher 
incidence of sleep-associated stroke onset (64). Aaronson 
et al. (65) demonstrate that patients with OSA and stroke 
in the rehabilitation phase have a lower cognitive and 
functional status with respect to tests of attention, executive 
functioning, visual perception, psychomotor ability, and 
intelligence. Severe OSA is associated with poor long-term 
functional outcomes (66). 

Two systematic reviews suggest that OSA might be a 
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negative predictor for all-cause mortality and recurrent 
vascular events following stroke or TIA (67,68). In addition, 
the results of the meta-analysis by Birkbak et al. (67) 
covering ten articles with 1,203 stroke and TIA patients 
support a dose-response relationship between the severity 
of SDB and these adverse outcomes. In the second meta-
analysis, OSA was associated with a pooled relative risk 
of 1.94 (95% CI, 1.29–2.92) for stroke and 1.59 (95% CI, 
1.33–1.89) for all-cause mortality (68). An observational 
study found that CSA was not related to early death, but the 
study suggested that both OSA and CSA increase the long-
term mortality risk in stroke patients (69). 

As SDB treatment options exist, SDB after stroke is 
considered as a potential modifiable risk factor. A recent 
meta-analysis of continuous positive airway pressure 
(CPAP) as treatment for SDB after stroke by our group, 
in addition to ten randomized controlled trial (RCTs) with 
564 participants, showed neurofunctional improvement 
with CPAP [standardized mean difference (SMD) 0.5406; 
95% CI, 0.0263–1.0548] in the combined analysis of 
neurofunctional scales with, however, a considerable 
heterogeneity across the studies (70). In one study over 
5 years, the long-term cardiovascular survival was better 
with CPAP compared to usual care; however, there was no 
significant difference in the overall cardiovascular event-
free survival. In addition, the sample size of the trial was 
limited (71). On the other hand, it is meaningful to note 
that compliance with CPAP may be an important aspect 
with respect to the role of CPAP in cardiovascular risk 
reduction. Most studies consider the CPAP treatment arm 
as an “intention to treat” population that is considered a 
single or homogeneous group even if many subjects within 
the group have been non-compliant. If one compares only 
those patients who are compliant on CPAP treatment, with 
respect to those without CPAP, a reduction of stroke risk 
is then found (22). A recent randomized controlled trial 
of Bravata et al. (72) conclude that a better compliance to 
CPAP in stroke patients reduce the NIHSS score. 

Table 1 summarizes the results of outcomes of some 
studies with positive airway pressure treatment after stroke 
and TIA. 

Conclusions

There is a complex bidirectional relationship between 

SDB and stroke. This complexity stems from the fact that 
SDB and stroke share common risk factors (e.g., obesity, 
hypertension, alcohol use, diabetes, etc.). These common 
risk factors may not only contribute to stroke risk in sleep 
apnea patients, but also potentially exacerbate functional 
outcomes in this patient population. Moreover, stroke can 
cause (or aggravate pre-existing) SDB. Although the extent, 
underlying mechanisms and implications of this relationship 
remain in parts unclear (unfortunately, interventional 
studies in this context are rare), current knowledge allows 
one to deduce the following conclusions:

(I)	 SDB likely increases (independently from co-shared 
risk factors) the risk for stroke. This association 
should be taken into consideration when counseling 
and treating patients in the context of primary and 
secondary stroke prevention;

(II)	 SDB is frequent in patients with stroke and is 
probably associated with short- and long-term 
detrimental effects, which can possibly be prevented 
or alleviated by treatment of SDB. This awareness 
should be promoted among neurologists and 
other health care professionals in the management 
of stroke patients. Available strategies for the 
detection of SDB in patients with cerebrovascular 
disorders/stroke should be implemented, including 
the use of appropriate questionnaires and portable 
diagnostic testing (i.e., respirographies). Currently, 
there are two studies in our center assessing the 
effects of SDB on short- and long-term outcomes 
in stroke/TIA patients [SAS-CARE study (73), 
clinicaltrials.gov NCT01097967, sleep disorders 
and stroke outcome study clinicaltrials.gov 
NCT02559739] as well as the impact of early SDB 
treatment with adaptive servo-ventilation on MRI-
evolution of stroke (eSATIS study, clinicaltrials.gov 
NCT02554487). More studies such as these will be 
needed to establish practice parameter guidelines 
for stroke patients with SDB;

(III)	 The interaction between SDB and stroke represents 
an area of multidisciplinary research of increasing 
interest, promising novel insights which may be 
relevant not only for the care of patients with cardio-
cerebrovascular disorders, but also for elucidating 
our understanding of brain-heart-lung interactions 
in health and disease.
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