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Abstract

Obstructive sleep apnea (OSA) has been associated with many of the known risk factors for stroke including
hypertension, diabetes and atrial fibrillation. There is also a large body of literature that suggests that OSA and
stroke are independently associated. In this review, we will discuss the literature supporting OSA not only a risk
factor for stroke, but also show how untreated OSA has been associated with worse outcomes in those who suffer
from stroke and OSA.
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Sleep Disordered Breathing (SDB) Described In
Patients Who Have Had Stroke

SDB encompasses both central sleep apnea (CSA) and obstructive
sleep apnea (OSA). Both have been described in stroke, though OSA is
more prevalent and seems to have more impact on stroke outcomes.
The prevalence of SDB is higher among stroke patients than the
average population. A meta-analysis found the prevalence of SDB to
be 63% in patients with stroke or transient ischemic attack when
defined as AHI>10. Patients with recurrent strokes had a higher
percentage of SDB than initial strokes (74% compared to 57% p =
0.013). Only 7% of patients had predominantly central sleep apnea
(CSA) with the majority being obstructive [1]. Central apneas appear
to be more common acutely after a stroke and then decrease by three
months [2].

While there is a growing body of evidence that OSA is associated
with an increased risk for stroke, some sleep disordered breathing
might also occur secondary to stroke. The brain stem is responsible for
control of breathing. Case reports exist of both OSA and CSA after
lesions to this area [3-6]. A particular lesion site has not been
associated with SDB in prospective studies. However, among stroke
patients, those with SDB have more bulbar weakness than those
without SDB [7]. A recent cross-sectional study found that there was
an increased prevalence of hypoglossal nerve dysfunction in patients
with acute ischemic stroke. They were unable to show that the
hypoglossal dysfunction was associated with more severe SDB [8].
Even though both CSA and OSA have been described in stroke, OSA is
more commonly seen and is thought to have a strong association with
risk for stroke as well as increased morbidity and mortality in those
who have suffered from stroke.

Is OSA a risk factor for stroke?
Large cross-sectional studies have shown associations between OSA

and prevalent stroke with a dose response relationship according to
severity of AHI [9,10]. One of the first observational studies did not
show a significant risk of stroke in those with AHI >=20 after

adjustment for confounding risk factors. However subsequently,
numerous large scale observational cohorts have supported a robust
association of presence of OSA and incident stroke [11-15]. The
Busselton Sleep Cohort is the longest published cohort to date. In this
20 year prospective cohort, 393 patients who had no history of prior
stroke were prospectively followed. Moderate to severe OSA was
found to have a hazard ratio of 3.7 (1.2, 11.8) for incident stroke when
controlled for age, gender, obesity, smoking status, cholesterol,
hypertension, diabetes, angina, and a history of cardiovascular disease
[15]. There have been two recent meta-analysis conducted on
prospective studies looking at OSA as risk factor for stroke. Dong et al.
[16] looked at 10 prospective cohort studies and found that the relative
risk for stroke in those with moderate-severe OSA compared to the
controls was 2.02 (1.40-2.90). Li et al. [17] looked at 11 prospective
cohorts and found the relative risk was 2.06 (95% CI 1.53-2.79).

Until recently, the effects of OSA and its treatment on
cardiovascular outcomes in women was unknown. The Sleep Heart
Health Study followed 5,422 subjects with untreated OSA with no
prior history of stroke for a median of 8.7 years. They showed a
positive association of OSA and incident stroke in men with a linear
trend (p-0.016). Those in the highest quartile (obstructive AHI of >19)
had an adjusted HR of 2.86 (1.10-7.39) [12]. In women, however,
incident stroke was not associated with obstructive AHI quartiles.
They did find, that an obstructive AHI>25 in women was associated
with an increased risk for incident stroke. A recent publication
followed 967 women specifically for a median of 6.8 years. The control
group consisted of those with an AHI<10 and those with an AHI ≥ 10
were diagnosed with OSA and classified as either CPAP-treated
(adherence ≥ 4 hours/day) or untreated (adherence<4 hours/day or
not prescribed). Untreated OSA showed a strong association with
incident stroke (adjusted HR 6.44, 95% CI 1.46-28.3). CPAP use
appeared to reduce this risk as the CPAP-treated group showed now
association with incident stroke (adjusted HR 2.76, 95% CI 3.5-5.62)
[18].

Does the presence of OSA affect stroke outcome?
In addition to the growing support for OSA as a causal factor for

stroke, there is growing evidence that co-morbid OSA may affect
stroke outcomes. The literature suggests that those who have stroke
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and untreated OSA have higher morbidity and mortality compared to
those without OSA. Higher desaturation indices post stroke have been
associated with lower functional scores on the Barthal index and
higher mortality at one year [19]. This suggests that OSA may play a
role with those outcomes. Other studies have found increased
mortality at one and 6 months in those with acute stroke and OSA
[20,21]. Turkington et al. [21] found severity of OSA was
independently associated with death with an OR of 1.07 (95% CI
1.03-1.12) as well as the length of the respiratory events, with
respiratory events of 15 seconds having the most impact [21]. Parra et
al. [22] looked at two year survival in a prospective study of 161
subjects with first ever stroke or TIA and found that the AHI was an
independent risk factor for mortality [22]. Similarly, Dyken et al. [23]
found in a prospective study those with stroke had higher incidence of
OSA and at 4 years, the patients who had stroke and died all had OSA.
Sahlin et al. [24] took a more long term look at mortality in 132
patients with stroke and OSA (defined as AHI of >=15) over 10 years.
OSA was found to be an independent risk factor for death after
adjusting for other confounding factors such as age, sex, BMI,
smoking, hypertension, diabetes, and atrial fibrillation as well as
Barthal index of daily living.

OSA has also been associated with other post stroke outcomes such
as length of stay, worse functional outcomes, and recurrent
cerebrovascular events. Kaneko et al. [25] looked prospectively at 61
patients with acute stroke admitted to the rehabilitation unit. Sleep
studies were conducted on all patients and it was found that those with
OSA (defined as AHI of >= 10), had lower functional ability despite
similar stroke severity as well as longer stay in the hospital and the
rehabilitation center. Rola et al. [26] looked at 91 patients with stroke
or TIA and SDB ( defined as an AHI of >=5). It was found that
presence of SBD was associated with higher risk of recurrent
cerebrovascular events but interestingly, not mortality or functional
outcome at 2 years [26]. The SDB group was mostly obstructive but
those with central sleep apneas were included as well. Perhaps
including patients with CSA and very mild OSA contributed to the
lack of significant difference for mortality and functional outcome.

Does treatment of OSA affect stroke outcomes?
The gold standard treatment of OSA is continuous positive airway

pressure (CPAP). The literature suggests that presence of OSA is
associated with increased morbidity and mortality in those with
stroke. One should then ask, "Does treating OSA improve these
outcomes?" Both observational and randomized trials have addressed
this. Observational trials suggest that CPAP treatment does improve
mortality and decreases rate of recurrent vascular events in those with
stroke and OSA compared to those stroke patients with untreated or
sub optimally treated OSA. Martinez-Garcia et al. [27] looked at 166
patients and found that those with ischemic stroke and OSA
(AHI>=20) intolerant of CPAP had higher mortality after adjusting
for confounding factors compared to those with OSA who tolerated
CPAP (HR 1.58; 95% CI 1.01-2.49) [27]. The same group also looked
at risk of recurrent vascular events. They found that at 18 months,
those intolerant of CPAP had 5 fold increase risk of new vascular
events (odd ratio 5.09) after adjusting for other risk factors [28].
Similarly, at 7 years, they found that those who did not tolerate CPAP
had increased risk of new vascular events, particularly ischemic stroke,
compared to those who tolerated CPAP [29].

Randomized controlled trials have suggested benefits of CPAP use
in those with ischemic stroke and OSA in terms of functional recovery

in the short term but not as robust for long term function. The same
holds true for mortality and recurrent vascular events. It is important
to note, though, that the randomized trials have smaller number of
subjects with shorter follow up compared to observational trials
mentioned above. Minnerup et al. [30] looked at CPAP use the first 7
nights after stroke onset in 25 patients. The study randomized patients
to CPAP or a control group and found a trend to improved stroke
scores in those on CPAP that reached statistical significance in those
with good CPAP use [30]. Ryan et al. [31] conducted a 4 week
randomized study addressing the effects of CPAP on functional
outcomes in stroke patients. They showed the patients randomized to
CPAP had improved scores on stroke impairment testing and motor
components on functional testing compared to those not on CPAP
[31]. Bravata et al. [32] found CPAP to be beneficial to reduce
recurrent vascular events in both TIA and stroke patients with OSA.
They randomized 70 patients with transient ischemic attack (TIA) to
treatment with auto CPAP or standard of care. Those with OSA and
no CPAP use had higher incidence of vascular events at 90 days [32].
The same group found that stroke patients with OSA on CPAP had
greater improvement in stroke severity as measured by the National
institute of health stroke scale (NIHSS) at 30 days compared to those
without CPAP [33]. These studies, while showing benefit for
functional recovery and recurrent vascular events, have been short
term with longest study being 3 months long. Parra et al. [34] looked
at short and long term recovery in those with stroke and OSA. Patients
with ischemic stroke and OSA (AHI>=20) were randomized to CPAP
vs conventional treatment. They found neurological function was
improved in the CPAP group at one month compared to control
group but not at two years [34]. Survival was not statistically different
between the two groups but time to next cardiovascular event was
longer in the CPAP group. Overall, randomized trials suggest that
there is some improvement in function and recurrent events after
suffering from TIA/stroke in those with treated OSA compared to
untreated OSA in the short term setting but long term benefit is not
well described.

Conclusion
The current literature supporting OSA as an independent risk

factor for stroke as well as poorer outcomes in those with recent stroke
is quite strong. Observational data show a strong benefit of CPAP for
recurrent vascular events and mortality that seems compelling but has
not been described in randomized controlled data so far. Randomized
studies demonstrate CPAP intervention seems to have some short
term benefit on functional recovery and recurrent vascular events but
long term data supporting this is lacking. The shorter duration of the
randomized trials and number of subjects may play a role in the
discrepancy between their results and those of observational trials.
From the literature as it stands so far, it is important to screen patients
with stroke for OSA and treat them appropriately as not treating them
may cause the patient to incur further morbidity and mortality.
However, there is recognition that large, long term, randomized trials
would be helpful to further delineate the benefit of CPAP on stroke
outcomes.

References
1. Johnson KG, Johnson DC (2010) Frequency of sleep apnea in stroke and

TIA patients: a meta-analysis. J Clin Sleep Med 6: 131-137.
2. Parra O, Arboix A, Bechich S, García-Eroles L, Montserrat JM, et al.

(2000) Time course of sleep-related breathing disorders in first-ever

Citation: Khan M, Das A (2014) Obstructive Sleep Apnea and its Association with Stroke: A Brief Review. J Sleep Disorders Ther 3: 169. doi:
10.4172/2167-0277.1000169

Page 2 of 3

J Sleep Disorders Ther
ISSN:2167-0277 JSDT, an open access journal

Volume 3 • Issue 4 • 169

http://www.ncbi.nlm.nih.gov/pubmed/20411688
http://www.ncbi.nlm.nih.gov/pubmed/20411688
http://www.ncbi.nlm.nih.gov/pubmed/10673174
http://www.ncbi.nlm.nih.gov/pubmed/10673174


stroke or transient ischemic attack. Am J Respir Crit Care Med 161:
375-380.

3. North JB, Jennett S (1974) Abnormal breathing patterns associated with
acute brain damage. Arch Neurol 31: 338-344.

4. Lee MC, Klassen AC, Heaney LM, Resch JA (1976) Respiratory rate and
pattern disturbances in acute brain stem infarction. Stroke 7: 382-385.

5. Chaudhary BA, Elguindi AS, King DW (1982) Obstructive sleep apnea
after lateral medullary syndrome. South Med J 75: 65-67.

6. Askenasy JJ, Goldhammer I (1988) Sleep apnea as a feature of bulbar
stroke. Stroke 19: 637-639.

7. Ahn SH, Kim JH, Kim DU, Choo IS, Lee HJ, et al. (2013) Interaction
between Sleep-Disordered Breathing and Acute Ischemic Stroke. J Clin
Neurol 9: 9-13.

8. Brown DL, Chervin RD, Wolfe J, Hughes R, Concannon M, et al. (2014)
Hypoglossal nerve dysfunction and sleep-disordered breathing after
stroke. Neurology 82: 1149-1152.

9. Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, et al. (2001)
Sleep-disordered breathing and cardiovascular disease: cross-sectional
results of the Sleep Heart Health Study. Am J Respir Crit Care Med 163:
19-25.

10. Arzt M, Young T, Finn L, Skatrud JB, Bradley TD (2005) Association of
sleep-disordered breathing and the occurrence of stroke. Am J Respir
Crit Care Med 172: 1447-1451.

11. Munoz 1, Duran-Cantolla J, Martínez-Vila E, Gallego J, Rubio R, et al.
(2006) Severe sleep apnea and risk of ischemic stroke in the elderly.
Stroke 37: 2317-2321.

12. Redline S, Yenokyan G, Gottlieb DJ, Shahar E, O'Connor GT, et al.
(2010) Obstructive sleep apnea-hypopnea and incident stroke: the sleep
heart health study. Am J Respir Crit Care Med 182: 269-277.

13. Valham F, Mooe T, Rabben T, Stenlund H, Wiklund U, et al. (2008)
Increased risk of stroke in patients with coronary artery disease and sleep
apnea: a 10-year follow-up. Circulation 118: 955-960.

14. Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, et al. (2005)
Obstructive sleep apnea as a risk factor for stroke and death. N Engl J
Med 353: 2034-2041.

15. Marshall NS, Wong KK, Cullen SR, Knuiman MW, Grunstein RR (2014)
Sleep apnea and 20-year follow-up for all-cause mortality, stroke, and
cancer incidence and mortality in the busselton health study cohort. J
Clin Sleep Med 10: 355-362.

16. Dong JY, Zhang YH, Qin LQ (2013) Obstructive sleep apnea and
cardiovascular risk: meta-analysis of prospective cohort studies.
Atherosclerosis 229: 489-495.

17. Li M, Hou WS, Zhang XW, Tang ZY (2014) Obstructive sleep apnea and
risk of stroke: a meta-analysis of prospective studies. Int J Cardiol 172:
466-469.

18. Campos-Rodriguez F, Martinez-Garcia MA, Reyes-Nuñez N, Caballero-
Martinez I, Catalan-Serra P, et al. (2014) Role of sleep apnea and
continuous positive airway pressure therapy in the incidence of stroke or
coronary heart disease in women. Am J Respir Crit Care Med 189:
1544-1550.

19. Good DC, Henkle JQ, Gelber D, Welsh J, Verhulst S (1996) Sleep-
disordered breathing and poor functional outcome after stroke. Stroke
27: 252-259.

20. Mansukhani MP, Bellolio MF, Kolla BP, Enduri S, Somers VK, et al.
(2011) Worse outcome after stroke in patients with obstructive sleep
apnea: an observational cohort study. J Stroke Cerebrovasc Dis 20:
401-405.

21. Turkington PM, Allgar V, Bamford J, Wanklyn P, Elliott MW (2004)
Effect of upper airway obstruction in acute stroke on functional outcome
at 6 months. Thorax 59: 367-371.

22. Parra O, Arboix A, Montserrat JM, Quintó L, Bechich S, et al. (2004)
Sleep-related breathing disorders: impact on mortality of cerebrovascular
disease. Eur Respir J 24: 267-272.

23. Dyken ME, Somers VK, Yamada T, Ren ZY, Zimmerman MB (1996)
Investigating the relationship between stroke and obstructive sleep apnea.
Stroke 27: 401-407.

24. Sahlin C, Sandberg O, Gustafson Y, Bucht G, Carlberg B, et al. (2008)
Obstructive sleep apnea is a risk factor for death in patients with stroke: a
10-year follow-up. Arch Intern Med 168: 297-301.

25. Kaneko Y, Hajek VE, Zivanovic V, Raboud J, Bradley TD (2003)
Relationship of sleep apnea to functional capacity and length of
hospitalization following stroke. Sleep 26: 293-297.

26. Rola R, Jarosz H, Wierzbicka A, Wichniak A, Richter P, et al. (2008)
Sleep disorderd breathing and recurrence of cerebrovascular events, case-
fatality, and functional outcome in patients with ischemic stroke or
transient ischemic attack. J Physiol Pharmacol 59 Suppl 6: 615-621.

27. Martínez-García MA, Soler-Cataluña JJ, Ejarque-Martínez L, Soriano Y,
Román-Sánchez P, et al. (2009) Continuous positive airway pressure
treatment reduces mortality in patients with ischemic stroke and
obstructive sleep apnea: a 5-year follow-up study. Am J Respir Crit Care
Med 180: 36-41.

28. Martínez-García MA, Galiano-Blancart R, Román-Sánchez P, Soler-
Cataluña JJ, Cabero-Salt L, et al. (2005) Continuous positive airway
pressure treatment in sleep apnea prevents new vascular events after
ischemic stroke. Chest 128: 2123-2129.

29. Martínez-García MA, Campos-Rodríguez F, Soler-Cataluña JJ, Catalán-
Serra P, Román-Sánchez P, et al. (2012) Increased incidence of nonfatal
cardiovascular events in stroke patients with sleep apnoea: effect of CPAP
treatment. Eur Respir J 39: 906-912.

30. Minnerup J, Ritter MA, Wersching H, Kemmling A, Okegwo A, et al.
(2012) Continuous positive airway pressure ventilation for acute
ischemic stroke: a randomized feasibility study. Stroke 43: 1137-1139.

31. Ryan CM, Bayley M, Green R, Murray BJ, Bradley TD (2011) Influence of
continuous positive airway pressure on outcomes of rehabilitation in
stroke patients with obstructive sleep apnea. Stroke 42: 1062-1067.

32. Bravata DM, Concato J, Fried T, Ranjbar N, Sadarangani T, et al. (2010)
Auto-titrating continuous positive airway pressure for patients with acute
transient ischemic attack: a randomized feasibility trial. Stroke 41:
1464-1470.

33. Bravata DM, Concato J, Fried T, Ranjbar N, Sadarangani T, et al. (2011)
Continuous positive airway pressure: evaluation of a novel therapy for
patients with acute ischemic stroke. Sleep 34: 1271-1277.

34. Parra O, Sánchez-Armengol A, Bonnin M, Arboix A, Campos-Rodríguez
F, et al. (2011) Early treatment of obstructive apnoea and stroke outcome:
a randomised controlled trial. Eur Respir J 37: 1128-1136.

 

Citation: Khan M, Das A (2014) Obstructive Sleep Apnea and its Association with Stroke: A Brief Review. J Sleep Disorders Ther 3: 169. doi:
10.4172/2167-0277.1000169

Page 3 of 3

J Sleep Disorders Ther
ISSN:2167-0277 JSDT, an open access journal

Volume 3 • Issue 4 • 169

http://www.ncbi.nlm.nih.gov/pubmed/10673174
http://www.ncbi.nlm.nih.gov/pubmed/10673174
http://www.ncbi.nlm.nih.gov/pubmed/4411797
http://www.ncbi.nlm.nih.gov/pubmed/4411797
http://www.ncbi.nlm.nih.gov/pubmed/960158
http://www.ncbi.nlm.nih.gov/pubmed/960158
http://www.ncbi.nlm.nih.gov/pubmed/7054883
http://www.ncbi.nlm.nih.gov/pubmed/7054883
http://www.ncbi.nlm.nih.gov/pubmed/3363599
http://www.ncbi.nlm.nih.gov/pubmed/3363599
http://www.ncbi.nlm.nih.gov/pubmed/23346154
http://www.ncbi.nlm.nih.gov/pubmed/23346154
http://www.ncbi.nlm.nih.gov/pubmed/23346154
http://www.ncbi.nlm.nih.gov/pubmed/24587476
http://www.ncbi.nlm.nih.gov/pubmed/24587476
http://www.ncbi.nlm.nih.gov/pubmed/24587476
http://www.ncbi.nlm.nih.gov/pubmed/11208620
http://www.ncbi.nlm.nih.gov/pubmed/11208620
http://www.ncbi.nlm.nih.gov/pubmed/11208620
http://www.ncbi.nlm.nih.gov/pubmed/11208620
http://www.ncbi.nlm.nih.gov/pubmed/16141444
http://www.ncbi.nlm.nih.gov/pubmed/16141444
http://www.ncbi.nlm.nih.gov/pubmed/16141444
http://www.ncbi.nlm.nih.gov/pubmed/16888274
http://www.ncbi.nlm.nih.gov/pubmed/16888274
http://www.ncbi.nlm.nih.gov/pubmed/16888274
http://www.ncbi.nlm.nih.gov/pubmed/20339144
http://www.ncbi.nlm.nih.gov/pubmed/20339144
http://www.ncbi.nlm.nih.gov/pubmed/20339144
http://www.ncbi.nlm.nih.gov/pubmed/18697817
http://www.ncbi.nlm.nih.gov/pubmed/18697817
http://www.ncbi.nlm.nih.gov/pubmed/18697817
http://www.ncbi.nlm.nih.gov/pubmed/16282178
http://www.ncbi.nlm.nih.gov/pubmed/16282178
http://www.ncbi.nlm.nih.gov/pubmed/16282178
http://www.ncbi.nlm.nih.gov/pubmed/24733978
http://www.ncbi.nlm.nih.gov/pubmed/24733978
http://www.ncbi.nlm.nih.gov/pubmed/24733978
http://www.ncbi.nlm.nih.gov/pubmed/24733978
http://www.ncbi.nlm.nih.gov/pubmed/23684511
http://www.ncbi.nlm.nih.gov/pubmed/23684511
http://www.ncbi.nlm.nih.gov/pubmed/23684511
http://www.ncbi.nlm.nih.gov/pubmed/24452224
http://www.ncbi.nlm.nih.gov/pubmed/24452224
http://www.ncbi.nlm.nih.gov/pubmed/24452224
http://www.ncbi.nlm.nih.gov/pubmed/24673616
http://www.ncbi.nlm.nih.gov/pubmed/24673616
http://www.ncbi.nlm.nih.gov/pubmed/24673616
http://www.ncbi.nlm.nih.gov/pubmed/24673616
http://www.ncbi.nlm.nih.gov/pubmed/24673616
http://www.ncbi.nlm.nih.gov/pubmed/8571419
http://www.ncbi.nlm.nih.gov/pubmed/8571419
http://www.ncbi.nlm.nih.gov/pubmed/8571419
http://www.ncbi.nlm.nih.gov/pubmed/20656506
http://www.ncbi.nlm.nih.gov/pubmed/20656506
http://www.ncbi.nlm.nih.gov/pubmed/20656506
http://www.ncbi.nlm.nih.gov/pubmed/20656506
http://www.ncbi.nlm.nih.gov/pubmed/15115859
http://www.ncbi.nlm.nih.gov/pubmed/15115859
http://www.ncbi.nlm.nih.gov/pubmed/15115859
http://www.ncbi.nlm.nih.gov/pubmed/15332396
http://www.ncbi.nlm.nih.gov/pubmed/15332396
http://www.ncbi.nlm.nih.gov/pubmed/15332396
http://www.ncbi.nlm.nih.gov/pubmed/8610303
http://www.ncbi.nlm.nih.gov/pubmed/8610303
http://www.ncbi.nlm.nih.gov/pubmed/8610303
http://www.ncbi.nlm.nih.gov/pubmed/18268171
http://www.ncbi.nlm.nih.gov/pubmed/18268171
http://www.ncbi.nlm.nih.gov/pubmed/18268171
http://www.ncbi.nlm.nih.gov/pubmed/12749548
http://www.ncbi.nlm.nih.gov/pubmed/12749548
http://www.ncbi.nlm.nih.gov/pubmed/12749548
http://www.ncbi.nlm.nih.gov/pubmed/19218688
http://www.ncbi.nlm.nih.gov/pubmed/19218688
http://www.ncbi.nlm.nih.gov/pubmed/19218688
http://www.ncbi.nlm.nih.gov/pubmed/19218688
http://www.ncbi.nlm.nih.gov/pubmed/19406983
http://www.ncbi.nlm.nih.gov/pubmed/19406983
http://www.ncbi.nlm.nih.gov/pubmed/19406983
http://www.ncbi.nlm.nih.gov/pubmed/19406983
http://www.ncbi.nlm.nih.gov/pubmed/19406983
http://www.ncbi.nlm.nih.gov/pubmed/16236864
http://www.ncbi.nlm.nih.gov/pubmed/16236864
http://www.ncbi.nlm.nih.gov/pubmed/16236864
http://www.ncbi.nlm.nih.gov/pubmed/16236864
http://www.ncbi.nlm.nih.gov/pubmed/21965227
http://www.ncbi.nlm.nih.gov/pubmed/21965227
http://www.ncbi.nlm.nih.gov/pubmed/21965227
http://www.ncbi.nlm.nih.gov/pubmed/21965227
http://www.ncbi.nlm.nih.gov/pubmed/22198979
http://www.ncbi.nlm.nih.gov/pubmed/22198979
http://www.ncbi.nlm.nih.gov/pubmed/22198979
http://www.ncbi.nlm.nih.gov/pubmed/21372306
http://www.ncbi.nlm.nih.gov/pubmed/21372306
http://www.ncbi.nlm.nih.gov/pubmed/21372306
http://www.ncbi.nlm.nih.gov/pubmed/20508184
http://www.ncbi.nlm.nih.gov/pubmed/20508184
http://www.ncbi.nlm.nih.gov/pubmed/20508184
http://www.ncbi.nlm.nih.gov/pubmed/20508184
http://www.ncbi.nlm.nih.gov/pubmed/21886365
http://www.ncbi.nlm.nih.gov/pubmed/21886365
http://www.ncbi.nlm.nih.gov/pubmed/21886365
http://www.ncbi.nlm.nih.gov/pubmed/20847081
http://www.ncbi.nlm.nih.gov/pubmed/20847081
http://www.ncbi.nlm.nih.gov/pubmed/20847081

	Contents
	Obstructive Sleep Apnea and its Association with Stroke: A Brief Review
	Abstract
	Keywords:
	Sleep Disordered Breathing (SDB) Described In Patients Who Have Had Stroke
	Is OSA a risk factor for stroke?
	Does the presence of OSA affect stroke outcome?
	Does treatment of OSA affect stroke outcomes?
	Conclusion
	References


