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Abstract

Obstructive Sleep Apnea (OSA) is a common co-morbid condition in stroke patients. It represents
a very important risk factor for stroke in addition to the other established ones such as
hypertension, cardiovascular disease (CVD), hyperlipidemia, atrial fibrillation (AF), type 2
diabetes mellitus (T2DM), stress, smoking, and heavy drinking. Although in the United States the
prevalence of OSA has somewhat decreased from the previous years, globally its prevalence
remains constant, or in some cases, is on the rise. In this review we present the epidemiology for
OSA in stroke populations and discuss the risk factors for stroke as well as the underlying
pathogenetic mechanisms linking OSA, stroke and CVD. We also emphasize the more thorough
evaluation and control of OSA in order to prevent the disabling side effects of a stroke, which not
only compromises the physical and mental health of a person and increases the burden on families,
but also adds a severe burden to national health economics. OSA should always be considered
when assessing a patient with transient ischemic attacks (TI1A). Work up and treatment for OSA
will not only help prevent stroke with its devastating consequences, but will also help prevent
CVD, and ameliorate co-morbid conditions such as diabetes and hypertension in these vulnerable
populations.
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Introduction

OSA is a common finding in both stroke patients and in ischemic stroke patients; it is also
an independent risk factor for all stroke patients.1-2 Given the prevalence of OSA, all stroke
patients should be screened for OSA at the time of presentation of stroke using
polysomnography.3 Knowing the etiology of a patient’s stroke offers a better opportunity to
provide more effective treatment for stroke patients. Understanding the underlying cause of
a stroke can help prevent recurrent strokes. One-third of strokes are the consequence of a
patient’s previous history of stroke. OSA in stroke patients, if not treated, could lead to a
recurrent stroke; therefore, addressing the management of OSA is a key to preventative
health care in stroke patients.* As OSA is an increasingly common finding in stroke patients,
CPAP therapy has proven to have beneficial effectsin terms of improving neurological
symptoms in stroke patients.® Stroke patients with OSA have a worse prognosis overall, but
treatment with CPAP can have a significantly better impact on overall cognitive and other
physical disabilities suffered after stroke.6 Compliance with CPAP therapy improves overall
neurological and physical health status in stroke patients with OSA.”

Prevalence of OSA

OSA prevalence is increasing in developing countries due to an increased prevalence of
obesity.8 The prevalence of OSA has been increasing over the past two decades.® In order to
address the risk of OSA and therefore the risk of stroke, the underlying issue of obesity must
also be addressed (Table 1).

Prevalence of stroke

Risk factors

The prevalence of stroke is strongly associated with OSA; particularly, the severity of OSA
plays a significant role in the development of stroke.10 Stroke incidence increases with the
severity of OSA.11 OSA is highly prevalent in stroke patients who are not treated with
adequate CPAP treatment (Table 2).12

In a study conducted in Japan, researchers noticed a difference between patients with OSA
and the control group. Patients with OSA showed silent cerebral infarction (SCI).13 Severe
OSA, which occurs when the Apnea Hypopnea Index (AHI)=15, shows higher prevalence of
silent cerebrovascular lesions on MRI compared to less severe and moderate OSA.
Therefore, polysomnography studies should be performed in all stroke patients regardless of
the risk factors of OSA.14 Stroke mortality has decreased over the years in some of the
countries which had the highest crude rate of mortality by stroke. This data is provided to
the World Health Organization (WHO) by the Russian Federation, Ukraine, Belarus,
Turkmenistan, and Kazakhstan. Because of advancement in healthcare and providing the

better health to patients compared to the past, the mortality rate has significantly improved.
15

for stroke

OSA is a risk factor for CVD.16 Additionally, OSA is a common risk factor of stroke in
CVD patients.}” Severe OSA, which has an Apnea Hypopnea Index (AH1)=30, is a major
risk factor for stroke compared to less severe OSA, where the AHI is>10.18 Along with
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OSA, high blood pressure, increased lipids, sedentary lifestyle, T2DM, and unhealthy eating
habits are the major risk factors for stroke.1® Mohsenin?? studied patients with OSA who
also reported having a stroke. The research mainly examined the involvement of the
brainstem, and a polysomnography study showed more sleep disturbance in stroke patients
having OSA compared to the control group. The severity of OSA has a bidirectional
relationship with the severityof a patient’s initial symptoms of stroke and the clinical
outcomes after stroke occurrence.2! Another study also emphasized this bidirectional
relationship; OSA is more common in stroke patients regardless of neurological damage in
the brain areas and lesions, and the severity of OSA plays an important role in stroke
incidence.22 One prospective longitudinal study examining the elderly (age 70-100) shows
that patients with severe OSA (AHI=30) demonstrated higher incidence of stroke compared
to patients without OSA.23 Stroke patients with OSA have a worse prognosis, experiencing a
more prolonged hospitalization and spending more time in rehabilitation.?4

OSA is an independent risk factor for stroke, even when controlling for other risk factors
such as hypertension, diabetes mellitus, hyperlipidemia, and AF.25 The severity of the
patient’s OSA apnea-hypopnea index (AHI1=30) plays an important role in the development
of ischemic stroke, especially in older patients.23 OSA is associated with the neurological
deficits in stroke patients; if OSA severity is=25, then the severity of the stroke is
aggravated.26 OSA is already present in many stroke patients prior to stroke occurring,
regardless of any existing neurological deficits.22 OSA is a common finding in older male
patients presenting with stroke and is associated with T2DM as well, contributing to a
greater risk of death after stroke.22 There are several other risk factors of stroke other than
OSA that have been reported. These major risk factors include, but are not limited to,
T2DM, hypercholesterolemia, AF, hypertension, old age, and smoking.2” Another study also
emphasizes that further risk factors for stroke are OSA, age, male sex, ethnicity,
hypertension, andatrial fibrillation (AF).28 Along with OSA, Koo® report that hypertension,
resistant hypertension, T2DM, sedentary lifestyle, lack of exercise, smoking, and eating
unhealthy food are the major and common risk factors for CVD and stroke. Dyslipidemia
(85.9%) is also considered a major risk factor in stroke patients, especially the low HDL-C
levels, followed by high blood pressure (66.0%), and T2DM (15.1%).2°

Cardiac arrhythmias are more common in OSA patients compared to those without OSA.30
AF was more common among OSA patients and had more stroke incidence compared to the
control group.31:32 AF is one of the major risk factorsfor stroke, especially thromboembolic
stroke. The underlying pathology of AF could worsen in the presence of OSA and other
associated comorbidities such as high blood pressure and other cardiac myopathies.33 In
OSA patients, cardioembolic (CE) strokes are more common when atrial fibrillation (AF) is
present. When AF was treated with anticoagulation therapy, there was a lower incidence of
stroke in these patients. The OSA severity and AF were directly proportional to the
development of stroke (Figure 1).

OSA and stroke pathophysiology

In OSA apneic/hypoxemic episodes initiate the process of inflammation and there is a
cascade of inflammatory markers such as IL, 1, IL 6, TNF a, and interferon -y. These
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inflammatory markers damage the endothelial lining of the blood vessels, and there is an
increased aggregation of platelets which lead to further oxidative stress and vascular
endothelial damage. This repetitive oxidative stress and vascular damage in OSA patients
can cause CVD and stroke.3* In OSA patients not only apneic/hypoxemic episodes cause
oxidative stress and inflammatory damage to the blood vessels, but sympathetic system
stimulation also releases catecholamines, and increased blood pressure leads to platelet
aggregation and further damage to the vascular endothelium and progress to CVD and
stroke.3® There is a dual effect of these apneic/hypoxic episodes; they not only stimulate the
sympathetic system, but also depress the parasympathetic pathway. This inhibition r aids in
the release of inflammatory markers, causing more oxygen desaturation, platelet
aggregation, and endothelial damage. The sympathetic system activation is also responsible
for hypertension, tachycardia, and myocardial wall dysfunction and damage.36

Because of these apneic/hypoxemic episodes in OSA patients, the activation of a
sympathetic system and the beginning of the release of inflammatory markers predispose the
patient to a stronger risk of CVD and stroke.34 As these apneic/hypoxemic episodes cause
oxygen desaturation in OSA patients without any compensatory mechanism of anti-
oxygenation, it leads to overproduction of reactive oxygen species, further oxygen
desaturation and hypoxia causing ischemia in brain and leading to TIA and stroke.3” The
severity of OSA is an independent risk factor for stroke and related mortality and morbidity.
25 One study indicates that OSA could also be the causative factor of silent brain infarctions
(SBI). Patients with moderate to severe OSA with SBI also showed increase in the
inflammatory markers sCD40L and sP-selection, leading to CVD. When treating these
patients with CPAP, there was a greater improvement in inflammatory markers sP-selection
and CD40L.38 White matter is more affected by apneic/hypoxemic episodes in OSA
patients; these episodes are a predisposing factor of stroke in these patients and their severity
depends on the severity of OSA.3% Another study also shows that the pathogenesis of stroke
is related to the severity of OSA; when the oxyhemoglobin saturation is less than 90% and
AHI>15 in stroke patients, then oxygen desaturation leads to white matter hyperintensities
(WMH) in TIA and stroke patients (Figure 2 & Figure 3).40

OSA is a significant risk factor among stroke patients. Treatment of OSA with CPAP in
stroke patients greatly improves the symptoms and effects of stroke. Diagnosis of OSA and
treatment with CPAP have a greater impact on CVD and stroke; the diagnosis and treatment
also improves the overall cognitive and physical disabilities caused by the patient’s stroke.
18,34 patients presenting with TIA and a minor stroke without showing any obvious signs
and symptoms of OSA, such as elevated BMI, should also be screened for underlying OSA
to prevent recurrence of stroke.*!

A prospective observational study was carried out over 5 years on 166 patients who
experienced stroke. These stroke patients were screened by polysomnographyfor OSA. The
given treatment with CPAP in these stroke patients with severe and moderate sleep apnea
demonstrated improvement in the overall health of these patients and better outcomes in
terms of stroke mortality.*2 The study shows there is a decreased incidence of new vascular
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events in stroke patients who are treated with CPAP compared to those in the non-treatment
group.*3 Treating stroke patients with OSA comorbidity with CPAP also decreases the risk
of AF recurrence.** The presence of OSA is a poor prognostic factor in stroke patients.
Stroke patients presenting with OSA show more significant decline in cognitive functioning
and overall functioning compared to patients without OSA. Additionally, they spend more
time in rehabilitation centers.4> Treatment of stroke patients presenting with OSA using
CPAP has greater benefits in cognitive and overall functioning.#6 Although the treatment
with CPAP greatly improves the depressive symptoms, neurological symptoms, and overall
recovery in stroke patients with OSA, the compliance with CPAP therapy is a harder to
maintain in stroke patients. Therefore, noncompliance could be a drawback in treatment of
stroke patients with OSA.47 Treating stroke patients associated with OSA using CPAP is
sometimes challenging; therefore an alternative approach to treating these patients should be
considered.*8 OSA is a major risk factor for stroke, high blood pressure, CVD, and other
comorbidities. To overcome this growing problem, there is a need to control obesity, which
is highly correlated with OSA.% Smoking and alcohol consumption are also major risk
factors in Western countries; to decrease stroke incidence, cessation of smoking and
moderation of alcohol consumption should also be addressed.50

Discussion

Obesity and OSA are both commonly rising health issues globally and should therefore be
seriously addressed, counseled, and treated at each office visit with a primary care physician
and other healthcare professionals.® OSA is a very common finding in stroke patients, so
every hospitalized patient with stroke and TIA should be screened for OSA.51:52 There is a
strong correlation between inflammatory markers and the severity of OSA. In severe OSA,
there is a more oxidative stress because of apneic/hypoxemic episodes, which cause the
release of inflammatory markers such as IL6 (interleukin 6) and CRP (C-reactive protein).
The release of inflammatory markers is directly proportional to the severity of AHI (Apnea/
hypopnea index).>3 An observational study showed that patients having OSA and CVD who
were treated with CPAP had a better outcome compared to those not taking CPAP therapy.>*
OSA is associated with the neurological deficits in stroke patients and also aggravates the
severity of those deficits, which also depends on the severity of OSA.26 OSA is more
common among minority groups, as shown in African Americans compared to Caucasian
Americans, and has a greater association with CVD and stroke. The presence of OSA in
stroke patients is a worse prognostic sign in terms of the cognitive and overall health of a
patient. However, treatment with CPAP can have better overall health outcomes compared to
the non-treatment group. Hence, lack of awareness and resources in this section of the
population still prevent OSA treatment from being utilized effectively and efficiently. There
is an increasing need for OSA awareness and treatment; the focus is necessary to prevent
stroke and to gain better outcomes for stroke with OSA in the minority population, as well to
improve the overall health and wellbeing of patients.>®

Stroke prevalence in the United States has decreased in recent years. Stroke became the
fourth leading cause of death, declining from its position as the third leading cause of death
among the US population.>® However, among Asian countries, there are other risk factors
which should be addressed and controlled to decrease the prevalence of stroke in these
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countries as well. Improved control of hypertension, T2DM, obesity, smoking cessation,
regular exercise, and decreased salt intake can all help the overall health outcomes. There is
a significant need for more stroke neurologists, diagnostic centers, and stroke treatment
centers, which can decrease the incidence and prevalence of stroke in these countries as
well.>” Controlling the risk factors of stroke can play an important role in reducing the
incidence of stroke worldwide, as well as offering better control of hyperlipidemia and
T2DM. Smoking reduction, avoidance of sedentary lifestyle, adopting a healthy lifestyle,
eating healthy, maintaining a balanced diet, and exercising daily can reduce the risk of
stroke.58

Conclusion

Because OSA is one of the major risk factorsfor stroke and TIA, all stroke patients should be
screened for OSA by using polysomnography studies. The prevalence of stroke is decreasing
in the USA compared to past two decades because of efficient health care, as well as the
increased availability of advanced laboratory investigations, skilled neurologists, and stroke
rehabilitation centers. Additionally, in certain parts of Asia, its prevalence is decreasing,
even in the countries which showed a higher prevalence according to the World Health
Organization (WHO) in the past. Still, in most underdeveloped countries stroke morbidity
and mortality are increasing due to the lack of health facilities, shortage of stroke specialists,
limited availability of stroke centers, and less-advanced screening methods. Using CPAP to
treat underlying OSA in stroke patients has more beneficial effects than in patients who are
either not receiving the treatment or who are non-compliant with the treatment. Therefore,
patients in less-developed countries are at a distinct disadvantage in terms of treatment of
OSA and prevention of stroke. OSA is a highly emerging disease globally because of rising
obesity; therefore, controlling obesity and more effectively managing OSA can offer a
consistently better approach to treating stroke. Treating stroke patients with OSA is
sometimes challenging, because of noncompliance with treatment, but there should be an
alternative approach to treat these patients. CPAP therapy in stroke patients with OSA can be
highly effective and beneficial. Adherence to CPAP therapy has a better prognosis and
decreases the probability of recurrent stroke in OSA patients.

Acknowledgments

This work is supported by the following funding agencies: R25-HL105444 and R25-HL 116378 (NHLBI); RO1-
MDO007716 (NIMHD) to GJL. However, the funders had no role in study design, data collection, analysis and
decision to publish.

Abbreviations:

OSA obstructive sleep apnea
CVvD cardiovascular disease
TIA transient ischemic attacks
AF atrial fibrillation

SCI silent cerebral infarction

Sleep Med Disord. Author manuscript; available in PMC 2019 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jehan et al.

References
1

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Page 7

AHI apnea hypopnea index

. Barone DA, Krieger AC. Stroke and obstructive sleep apnea: a review. Curr Atheroscler Rep.

2013;15(7):334. [PubMed: 23666861]

. Yaranov DM, Smyrlis A, Usatii N, et al. Effect of obstructive sleep apnea on frequency of stroke in

patients with atrial fibrillation. Am J Cardiol. 2015;115(4):461-465. [PubMed: 25529543]

. Stahl SM, Yaggi HK, Taylor S, et al. Infarct location and sleep apnea: evaluating the potential

association in acute ischemic stroke. Sleep Med. 2015;16(10):1198-1203. [PubMed: 26429745]

. Lipford MC, Flemming KD, Calvin AD, et al. Associations between cardio embolic stroke and

obstructive sleep apnea. Sleep. 2015;38(11):1699-1705. [PubMed: 26237769]

. Bravata DM, Concato J, Fried T, et al. Continuous positive airway pressure: evaluation of a novel

therapy for patients with acute ischemic stroke. Stroke. 2010;41(7):1464-1470. [PubMed:
20508184]

. Disler P, Hansford A, Skelton J, et al. Diagnosis and treatment of obstructive sleep apnea in a stroke

rehabilitation unit: a feasibility study. Am J Phys Med Rehabil. 2002;81(8):622-625. [PubMed:
12172072]

. Wessendorf TE, Wang YM, Thilmann AF, et al. Treatment of obstructive sleep apnoea with nasal

continuous positive airway pressure in stroke. Eur Respir J. 2001;18(4):623-629. [PubMed:
11716165]

. Masood A, Devan M, Sana A, et al. Review of and updates on hypertension in obstructive sleep

apnea. International Journal of Hypertension. 2017:1-13.

. Peppard PE, Young T, Barnet JH, et al. Increased prevalence of sleep-disordered breathing in adults.

Am J Epidemiol. 2013;177(9):1006-1014. [PubMed: 23589584]

. Arzt M, Young T, Finn L, et al. Association of sleep-disordered breathing and the occurrence of
stroke. Am J Respir Crit Care Med. 2005;172(11):1447-1451. [PubMed: 16141444]

Harbison J, Ford GA, James OF. Sleep-disordered breathing following acute stroke. QIM.
2002;95(11):741-747. [PubMed: 12391386]

Hui DS, Choy DK, Wong LK. Prevalence of sleep-disordered breathing and continuous positive
airway pressure compliance: results in chinese patients with first-ever ischemic stroke. Chest.
2002;122(3):852-860. [PubMed: 12226023]

Eguchi K, Kario K, Hoshide S. Nocturnal hypoxia is associated with silent cerebrovascular disease
in a high-risk Japanese community-dwelling population. American Journal of Hypertension.
2005;18(11):1489-1495. [PubMed: 16280287]

Nishibayashi M, Miyamoto M, Miyamoto T. Correlation between severity of obstructive sleep
apnea and prevalence of silent cerebrovascular lesions. J Clin Sleep Med. 2008;4(3):242-247.
[PubMed: 18595437]

Thrift AG, Howard G, Cadilhac DA. Global stroke statistics: An update of mortality data from
countries using a broad code of cerebrovascular diseases. Int J Stroke. 2017;12(8):796-801.
[PubMed: 28895807]

Young T, Palta M, Dempsey J. The occurrence of sleep-disordered breathing among middle-aged
adults. N Engl J Med. 1993;328(17):1230-1235. [PubMed: 8464434]

Valham F, Mooe T, Rabben T, et al. Increased risk of stroke in patients with coronary artery disease
and sleep apnea: a 10-year follow-up. Circulation. 2008;118(9):955-960. [PubMed: 18697817]
Bassetti CL, Milanova M, Gugger M. Sleep-disordered breathing and acute ischemic stroke:
diagnosis, risk factors, treatment, evolution, and long-term clinical outcome. Stroke. 2006;37(4):
967-972. [PubMed: 16543515]

Koo DL, Nam H, Thomas RJ, et al. Sleep disturbances have been reported to play a role in the
development of stroke and other cardiovascular disorders. J Stroke. 2018;20(1):12-32. [PubMed:
29402071]

Mohsenin V, Valor R. Sleep apnea in patients with hemispheric stroke. Arch Phys Med Rehabil.
1995;76(1):71-76. [PubMed: 7811179]

Sleep Med Disord. Author manuscript; available in PMC 2019 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jehan et al.

Page 8

21. Rola R, Wierzbicka A, Wichniak A, et al. Sleep related breathing disorders in patients with
ischemic stroke and transient ischemic attacks: respiratory and clinical correlations. J Physiol
Pharmacol. 2007;58 Suppl 5(2):575-582. [PubMed: 18204171]

22. Parra O, Arboix A, Bechich S, et al. Time course of sleep-related breathing disorders in first-ever
stroke or transient ischemic attack. Am J Respir Crit Care Med. 2000;161(2 Pt 1):375-380.
[PubMed: 10673174]

23. Munoz R, Cantolla JD, Martinez VE, et al. Severe sleep apnea and risk of ischemic stroke in the
elderly. Stroke. 2006;37:2317-2321. [PubMed: 16888274]

24. Kaneko Y, Hajek VE, Zivanovic V, et al. Relationship of sleep apnea to functional capacity and
length of hospitalization following stroke. Sleep. 2003;26(3):293-297. [PubMed: 12749548]

25. Yaggi HK, Concato J, Kernan WN, et al. Obstructive sleep apnea as a risk factor for stroke and
death. N Engl J Med. 2005;353(19):2034-2041. [PubMed: 16282178]

26. Iranzo A, Santamaria J, Berenguer J, et al. Prevalence and clinical importance of sleep apnea in the
first night after cerebral infarction. Neurology. 2002;58(6):911-916. [PubMed: 11914407]

27. Robert AA, Zamzami MM. Stroke in Saudi Arabia: a review of the recent literature. Pan Afr Med
J. 2014;17:14.

28. Lyons OD, Ryan CM. Sleep apnea and stroke. Can J Cardiol. 2015;31(7):918-927. [PubMed:
26112302]

29. Olamoyegun MA, Akinlade AT, Fawale MB, et al. Dyslipidaemia as a risk factor in the occurrence
of stroke in Nigeria: prevalence and patterns. Pan Afr Med J. 2016;25:72. [PubMed: 28292035]

30. Mehra R, Benjamin EJ, Shahar E, et al. Association of nocturnal arrhythmias with sleep-disordered
breathing: the sleep heart health study. Am J Respir Crit Care Med. 2006;173(8):910-916.
[PubMed: 16424443]

31. Gami AS, Pressman G, Caples SM, et al. Association of atrial fibrillation and obstructive sleep
apnea. Circulation. 2004;110(4):364-367. [PubMed: 15249509]

32. Mansukhani MP, Calvin AD, Kolla BP, et al. The association between atrial fibrillation and stroke
in patients with obstructive sleep apnea: a population-based case-control study. Sleep Med.
2013;14(3):243-246. [PubMed: 23340087]

33. Caples SM, Somers VK. Sleep disordered breathing and atrial fibrillation. Prog Cardiovasc Dis.
2009;51(5):411-415. [PubMed: 19249447]

34. Shamsuzzaman AS, Gersh BJ, Somers VK. Obstructive sleep apnea: implications for cardiac and
vascular disease. 2003, 290(14):1906-1914.

35. Eisensehr I, Ehrenberg BL, Noachtar S, et al. Platelet activation, epinephrine, and blood pressure in
obstructive sleep apnea syndrome. Neurology. 1998;51(1):188-195. [PubMed: 9674801]

36. Bradley TD, Floras JS. Obstructive sleep apnoea and its cardiovascular consequences. Lancet.
2009;373(9657):82-93. [PubMed: 19101028]

37. Pialoux V, Hanly PJ, Foster GE, et al. Effects of exposure to intermittent hypoxia on oxidative
stress and acute hypoxic ventilatory response in humans. Am J Respir Crit Care Med.
2009;180(10):1002-1009. [PubMed: 19713446]

38. Minoguchi K, Tazaki M, Ohta S, et al. Silent brain infarction and platelet activation in obstructive
sleep apnea. Am J Respir Crit Care Med. 2007;175(6):612-617. [PubMed: 17341649]

39. Harbison J, Gibson GJ, Birchall D, et al. White matter disease and sleep-disordered breathing after
acute stroke. Neurology. 2003;61(7):959-963. [PubMed: 14557568]

40. Patel SK, Hanly PJ, Smith EE, et al. Nocturnal hypoxemia is associated with white matter
hyperintensities in patients with a minor stroke or transient ischemic attack. J Clin Sleep Med.
2015;11(12):1417-1424. [PubMed: 26194729]

41. Chan W, Coutts SB, Hanly P. Sleep apnea in patients with transient ischemic attack and minor
stroke: opportunity for risk reduction of recurrent stroke? Stroke. 2010;41(12):2973-2975.
[PubMed: 20966412]

42. Martinez-Garcia MA, Soler-Cataluna JJ, Ejarque-Martinez L, et al. 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. 2009;180(1):36—41. [PubMed: 19406983]

Sleep Med Disord. Author manuscript; available in PMC 2019 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jehan et al.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

Page 9

Martinez-Garcia MA, Galiano-Blancart R, Roman-Sanchez P, et al. Continuous positive airway
pressure treatment in sleep apnea prevents new vascular events after ischemic stroke. Chest.
2005;128(4):2123-2129. [PubMed: 16236864]

Kanagala R, Murali NS, Friedman PA, et al. Obstructive sleep apnea and the recurrence of atrial
fibrillation. Circulation. 2003;107:2589-2594. [PubMed: 12743002]

Aaronson JA, van Bennekom CA, Hofman WF, et al. Obstructive sleep apnea is related to impaired
cognitive and functional status after stroke. Sleep. 2015;38(9):1431-1437. [PubMed: 25669178]

Das AM, Khan M. Obstructive sleep apnea and stroke. Expert Rev Cardiovasc Ther. 2012;10(4):
525-535. [PubMed: 22458584]

Sandberg O, Franklin KA, Bucht G, et al. Nasal continuous positive airway pressure in stroke
patients with sleep apnoea: a randomized treatment study. Eur Respir J. 2001;18(4):630-634.
[PubMed: 11716166]

Lipford MC, Park JG, Ramar K. Sleep-disordered breathing and stroke: therapeutic approaches.
Curr Neurol Neurosci Rep. 2014;14(2):431. [PubMed: 24395523]

Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep apnea: a population health
perspective. Am J Respir Crit Care Med. 2002;165(9):1217-1239. [PubMed: 11991871]

Chen X, Zhou L, Zhang Y, et al. Risk factors of stroke in western and asian countries: a systematic
review and meta-analysis of prospective cohort studies. BMC Public Health. 2014;14:776.
[PubMed: 25081994]

Johnson KG, Johnson DC. Frequency of sleep apnea in stroke and TIA patients: a meta-analysis. J
Clin Sleep Med. 2010;6(2):131-137. [PubMed: 20411688]

Wierzbicka A, Rola R, Wichniak A, et al. The incidence of sleep apnea in patients with stroke or
transient ischemic attack. J Physiol Pharmacol. 2006;57 Suppl 4:385-390. [PubMed: 17072068]

Chang T, Gajasinghe S, Arambepola C. Prevalence of stroke and its risk factors in urban sri lanka:
population-based study. Stroke. 2015;46(10):2965-2968. [PubMed: 26330444]

Marin JM, Carrizo SJ, Vicente E. Long-term cardiovascular outcomes in men with obstructive
sleep apnoea-hypopnoea with or without treatment with continuous positive airway pressure: an
observational study. Lancet. 2005;365(9464):1046-1053. [PubMed: 15781100]

Ramos AR, Seixas A, Dib SI. Obstructive sleep apnea and stroke: links to health disparities. Sleep
Health. 2015;1(4):244-248. [PubMed: 29073399]

Towfighi A, Saver JL. Stroke declines from third to fourth leading cause of death in the United
States: historical perspective and challenges ahead. Stroke. 2011;42(8):2351-2355. [PubMed:
21778445]

Kim JS. Stroke in Asia: a global disaster. Int J Stroke. 2014;9(7):856-857. [PubMed: 25231579]

Enwereji KO, Nwosu Maduaburochukwu C, Ogunniyi Adesola, et al. Epidemiology of stroke in a
rural community in Southeastern Nigeria. Vasc Health Risk Manag. 2014;10:375-388. [PubMed:
25028556]

Sleep Med Disord. Author manuscript; available in PMC 2019 January 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Jehan et al.

Figure 1.

2

1 Dietary
intake

1 Physical
activity

Dyslipidemia

Binge
alcohol
drinking

Medications

Risk factors for stroke

Sleep Med Disord. Author manuscript; available in PMC 2019 January 22.

Disturbed
sleep

TZ2DM

Hypertension

Smoking

Page 10



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Jehan et al.

- 1 Triglycerides
1 HDL
1
1 Dietary intake
Alcohol abuse | Physical activity
Alered hythms
of cortisol and
Growth hormonds
T Leptin
| Ghrelin Apt -
Disturbed sleop T
I —
1 Sympathatic
Bctivity
. Parasympathatic
Catechoclamine - activity
roloase
i
1 Insulin resistance Oxidative stross
1 B call function ™
Releasa of
inflammatory markers.
IL-6, IL-8, TNF-a,
interferon y
1
|y cermia
T20M Platolel aggregation
Damage to
Hypenansion andothelium
i
i
TiA
cvD

Figure 2.
Pathogenesis of OSA, stroke and CVD

Sleep Med Disord. Author manuscript; available in PMC 2019 January 22.

Page 11



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Jehan et al.

0SA H Stroke ]

e Not treated,

recurrence Non liance [ CPAP therapy Treated
| Recovery iy

| Stroke
recurrence
1 Recovery

Figure 3.
CPAP therapy and its outcomes in stroke and OSA patients
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Table 1

Prevalence of OSA worldwide

Age Men Women

30-70 24%-26% 17%-28%

3049 10% 3%
50-70 17% 9%
30-60 24% 9%
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