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Association Between Risk of Obstructive 
Sleep Apnea and Cerebrovascular 
Reactivity in Stroke Patients
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Camila B. Pereira, MD; Iuri F. Felix, MS; Leila S. B. Santos, MS; Louise M. Porto, MD; Maria E. L. Marques, MS; 
Marilia B. Catto, MD; Murilo A. Oliveira, MS; Paulo R. S. P. de Sousa, MS; Pedro J. R. Muiños, MS;  
Renata M. Maia, MD; Saul Schnitman, MD, MSc; Jamary Oliveira-Filho, MD, MSc, PhD

BACKGROUND: Obstructive sleep apnea (OSA) is present in 60% to 70% of stroke patients. Cerebral vasoreactivity in patients 
with stroke and OSA has not been well studied and could identify a new pathophysiologic mechanism with potential thera-
peutic intervention. We aimed to determine whether risk categories for OSA are associated with cerebral vasoreactivity in 
stroke patients.

METHODS AND RESULTS: In this cross- sectional study of a cohort of patients with stroke, we used clinical questionnaires (Sleep 
Obstructive Apnea Score Optimized for Stroke [SOS] and snoring, tiredness, observed, pressure, bmi, age, neck, gender 
[STOP- BANG] scores) to assess the risk of OSA and transcranial Doppler to assess cerebral vasoreactivity (breath- holding 
index and visual evoked flow velocity response). Of the 99 patients included, 77 (78%) had medium or high risk of OSA and 80 
performed transcranial Doppler. Mean breath- holding index was 0.52±0.37, and median visual evoked flow velocity response 
was 10.8% (interquartile range: 8.8–14.5); 54 of 78 (69%) showed impaired anterior circulation vasoreactivity (breath- holding 
index <0.69) and 53 of 71 (75%) showed impaired posterior circulation vasoreactivity (visual evoked flow velocity response 
≤14.0%). There was a significant negative correlation between the risk of OSA calculated by STOP- BANG and the breath- 
holding index (rS=−0.284, P=0.012). The following variables were associated with low anterior circulation vasoreactivity: dys-
lipidemia (odds ratio: 4.7; 95% CI, 1.5–14.2) and STOP- BANG score (odds ratio: 1.7 per 1- point increase; 95% CI, 1.1–1.5).

CONCLUSIONS: A high risk of OSA and impaired vasoreactivity exists in the population that has had stroke. Dyslipidemia and 
STOP- BANG sleep apnea risk categories were independently associated with impaired anterior circulation vasoreactivity.
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Stroke is a leading cause of death and incapacity 
in the world, affecting about 16 million people an-
nually, of which 6 million die.1,2 Obstructive sleep 

apnea (OSA) is a common condition among patients 
with cardiovascular and cerebrovascular events and 
affects 60% to 70% of this population.3–7 Individuals 
with OSA have episodes of hypoxemia, activation of 
the nocturnal sympathetic nervous system,8 elevation 
of blood pressure,9 and elevation of markers of oxida-
tive and inflammatory stress,10 which in turn affects the 

cardiovascular system and contributes to the elevation 
of risk. The gold standard for the diagnosis of OSA is 
polysomnography; however, it is costly and not uni-
versally accessible.11–13 Validated clinical scores have 
been established as tools for the detection of risk of 
sleep apnea.14–17

Considering that new tools may strengthen and 
better identify the evidence of the pathophysiologic 
correlation of sleep apnea and cardio-  and cerebro-
vascular diseases, transcranial Doppler (TCD) can 
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measure physiologic information and hemodynamic 
response at the bedside in real time.18 Cerebral vaso-
reactivity is defined as the response of cerebral blood 
vessels to changes in the partial pressure of carbon 
dioxide and oxygen, which can be measured by TCD 
through parameters such as visual evoked flow ve-
locity response (VEFVR) and breath- holding index 
(BHI).19,20 A BHI <0.69 represents a 10- fold increased 
risk of developing stroke in patients with severe ste-
nosis or symptomatic occlusion of the internal carotid 
artery.21–23

The mechanisms for the development of cere-
brovascular disease in OSA are not well elucidated. 
Patients with OSA have higher blood pressure lev-
els and higher degrees of hypoxemia and oxidative 
stress, especially at night, than those without OSA, 
but the contribution of each of these factors is un-
known.8–10 Cerebral vasoreactivity in patients with 
stroke and OSA has not been well studied and could 
identify a new pathophysiologic mechanism for po-
tential therapeutic intervention. The purpose of this 
study was to determine whether risk categories for 
OSA are associated with cerebral vasoreactivity in 
stroke patients.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request. A cross- sectional study was performed 
with a cohort of patients aged >18 years with stroke 
(both ischemic and hemorrhagic), defined as an acute 
focal neurologic deficit lasting >24 hours, confirmed by 
typical neuroimaging features on computed tomog-
raphy or magnetic resonance imaging. Data collec-
tion was performed at the Magalhães Neto outpatient 
clinic, Professor Edgard Santos University Hospital 
Complex, Salvador- Bahia, Brazil, from February 2017 
to December 2018. Patients using continuous positive 
airway pressure for a previous diagnosis of OSA were 
excluded.

Patients included in the study completed a stan-
dardized questionnaire collecting data on age, sex, 
cerebrovascular risk factors (hypertension, dyslipid-
emia, diabetes mellitus, smoking history, presence of 
atrial fibrillation, coronary or peripheral arterial disease, 
heart failure), type of stroke (hemorrhagic or isch-
emic), and etiology of stroke (Causative Classification 
of Stroke System). We defined dyslipidemia as hav-
ing at least one of the following measurements: total 
cholesterol ≥200 mg/dL, LDL (low- density lipoprotein) 
≥160 mg/dL, HDL (high- density lipoprotein) <40 mg/
dL for women or <50  mg/dL for men, triglycerides 
≥150 mg/dL, use of cholesterol or triglyceride- lowering 
medications.24 We also collected information of medi-
cation use and coffee consumption (number of coffee 
drinks per day). The risk of OSA was estimated by ap-
plying the Sleep Obstructive Apnea Score Optimized 
for Stroke (SOS) and snoring, tiredness, observed, 
pressure, bmi, age, neck, gender (STOP- BANG) 
scores.14–17 Patients were then referred for TCD using 
a 2- MHz probe, and the evaluator was blinded to all 
clinical data. Patients were instructed not to drink al-
coholic beverages or coffee within 24  hours before 
the TCD tests. The cerebral vasoreactivity indexes 
(VEFVR and BHI for 30 seconds) were measured, as 
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described previously.19,20,25–27 Briefly, calculation of 
BHI was performed in the middle cerebral artery by 
comparing baseline velocity assessed for 30 seconds 
until a stable value was reached, and then measur-
ing the highest apnea blood velocity obtained during 
apnea or at the first minute after apnea. In the assess-
ment of VEFVR, which was performed at the same 
session as the assessment of BHI, measurements 
of posterior cerebral artery velocity were made with 
the individual keeping eyes closed for 20  seconds 
and were compared with the posterior cerebral ar-
tery velocity measurement taken with eyes open with 
a flashing light beam emitted for 40  seconds. Final 
VEFVR was obtained from the average of 10 mea-
surements comparing open and closed eyes. We de-
fined impaired anterior circulation vasoreactivity as a 
BHI <0.69 and impaired posterior circulation vasore-
activity as VEFVR ≤14.0%.19

Group statistics are presented as count (percent-
age) for categorical variables or mean±SD for contin-
uous variables unless indicated otherwise. Deviation 
from normality was tested using the Kolmogorov–
Smirnov test. Correlation between continuous or or-
dinal variables was estimated using Pearson (rp) or 
Spearman (rs) tests, if variables are or are not normally 
distributed, respectively. Univariable analyses were 
performed separately searching for variables asso-
ciated with impaired anterior circulation vasoreactiv-
ity (BHI <0.69) or posterior circulation vasoreactivity 
(VEFVR ≤14.0%). For the univariable analyses, Fisher 
exact or Pearson χ2 tests were used for categorical 
variables, Student t tests were used for normally dis-
tributed continuous variables, and Mann–Whitney U 
tests were used for nonnormally distributed contin-
uous variables. Those variables with a possible as-
sociation in univariable tests (P<0.1) were included 
in multivariable logistic regression models searching 
separately for variables associated with impaired an-
terior circulation vasoreactivity or posterior circulation 
vasoreactivity as dependent variables. An automated 
backward selection process was used to reduce the 
number of variables in the logistic regression model, 
but age and sex were forced into the final model to 
adjust for potential confounding.

A sample of 80 patients was assessed to study 
association among the SOS, STOP-  BANG, BHI, 
and VEFVR values, with 80% power to detect a min-
imum correlation index of 0.31 with α=5%. All sta-
tistical tests were 2- tailed with a significance level of 
5%. Data were analyzed using IBM SPSS v25 (IBM 
Corp) and visualized using GraphPad Prism v7.00 
for Windows (GraphPad Software). The study was 
approved February 10, 2016, by the ethics commit-
tee of Professor Edgard Santos University Hospital, 
Federal University of Bahia, Brazil, and all patients 
signed informed consent.

RESULTS
A total of 80 patients completed both clinical assess-
ment and TCD tests (Table 1). Overall, 78 and 71 pa-
tients were able to perform the BHI and the VEFVR, 
respectively (2 patients had inadequate bone acoustic 
windows, and the velocities of the posterior cerebral ar-
teries could not confidently be determined in 9 patients). 
Mean age was 57.5±13.2 years, 39 (50%) were female, 
16 (21%) were smokers, and mean body mass index 
(kg/m2) was 26.0±4.6. The most common risk factors 
were hypertension in 60 (77%) and dyslipidemia in 50 
(65%). Although continuous positive airway pressure 
was an exclusion criterion, no patients in the sample 
who were approached for participation were using it.

The proportion of patients considered moderate or 
high risk for OSA was 69% using STOP-  BANG and 
78% on the SOS. The overall mean SOS score was 
14.8±7.1, and the median STOP- BANG score was 4 
(interquartile range: 2–5) among stroke patients, point-
ing to a general moderate to high risk for OSA. No pa-
tient underwent polysomnography for OSA diagnosis 
confirmation.

Cerebral Vasoreactivity
Mean BHI was 0.52±0.37, and median VEFVR was 
10.8% (interquartile range: 8.8–14.5), with 54 of 78 
patients (69%) showing impaired anterior circula-
tion vasoreactivity (BHI <0.69) and 53 and 71 (75%) 
showing impaired posterior circulation vasoreactiv-
ity (VEFVR ≤14.0%). A moderate positive correlation 
was observed between the SOS and STOP- BANG 
scores, with statistical significance (rs=0.5, P<0.001). 
A significant negative correlation (rs=−0.3, P=0.012) 
was observed between the STOP- BANG and BHI 
scores, and a significant moderately negative corre-
lation was observed between the SOS and VEFVR 
scores (rs=−0.3, P=0.008), suggesting that the higher 
the risk for OSA, the worse the cerebral vasoreactiv-
ity. Figure shows that patients with impaired anterior 
circulation vasoreactivity present with lower STOP- 
BANG scores (P=0.0013).

Table 1 also shows a comparison of patients with 
normal or impaired anterior circulation vasoreactivity. 
Patients with impaired anterior circulation vasoreac-
tivity were older and more likely to have a diagnosis 
of hypertension or dyslipidemia. Sleep apnea risk was 
higher among patients with impaired anterior circula-
tion vasoreactivity, but only significantly higher when 
quantified by STOP- BANG scores (median score of 
2 versus 4 for normal and impaired vasoreactivity, 
respectively; P=0.002). There were no differences in 
other cerebrovascular risk factors, medication use, or 
coffee portions per day when comparing patients with 
normal and impaired anterior circulation vasoreactivity.



J Am Heart Assoc. 2020;9:e015313. DOI: 10.1161/JAHA.119.015313 4

Castello- Branco et al Sleep Apnea and Stroke

Table 1. Univariable Analyses Comparing Stroke Patients With Normal or Abnormal Anterior Circulation Vasoreactivity

Variable All Patients (N=78*)
Normal Anterior 

Vasoreactivity (n=24)
Abnormal Anterior 

Vasoreactivity (n=54) P Value

Age, y, mean±SD 57±13 52±16 60±11 0.019

Female sex, n (%) 39 (50) 13 (57) 26 (47) 0.456

BMI, mean±SD* 26±4.5 25.7±5.7 25.9±3.9 0.868

Alcohol use, n (%) 16 (20) 4 (17) 12 (22) 0.659

Smoking, n (%) 16 (20) 5 (22) 11 (20) 0.862

Hypertension, n (%) 60 (77) 13 (56) 47 (85) 0.006

Diabetes mellitus, n (%) 25 (32) 5 (22) 20 (36) 0.207

Dyslipidemia, n (%) 50 (64) 8 (35) 42 (76) <0.001

Coronary artery disease, n (%) 9 (11) 1 (4) 8 (14) 0.199

Peripheral obstructive arterial disease, n (%) 2 (3) 0 (0) 2 (4) 0.354

Heart failure, n (%) 16 (20) 4 (17) 12 (22) 0.659

Atrial fibrillation, n (%) 10 (13) 4 (17) 6 (11) 0.435

Chronic kidney disease, n (%) 4 (5) 1 (4) 3 (5) 0.840

Hemorrhagic stroke, n (%) 12 (15) 6 (26) 6 (11) 0.090

Vascular territory, n (%)

Anterior circulation 42 (78) 10 (77) 32 (78) 0.932

Posterior circulation 12 (22) 3 (23) 9 (22)

Stroke etiology, n (%) 0.801

Large- vessel atherothrombosis 2 (3) 1 (7) 1 (2)

Small- vessel occlusion (lacune) 3 (5) 0 (0) 3 (7)

Cardioembolic 19 (32) 6 (40) 13 (29)

Other known etiologies 2 (3) 0 (0) 2 (4)

Cryptogenic 8 (14) 2 (13) 6 (14)

>1 Cause 1 (2) 0 (0) 1 (2)

Incomplete investigation 24 (41) 6 (40) 18 (41)

Time from stroke onset to TCD, d, mean±SD 423±174 428±212 415±158 0.801

No. of coffee drinks per day, median (IQR) 2 (0–4) 2 (0–4) 2 (0–4) 0.965

Medications in use, n (%)

β- Blocker 16 (26) 3 (13) 13 (24) 0.291

CCB 13 (17) 1 (4) 12 (22) 0.059

ACEI 2 (3) 0 (0) 2 (4) 0.354

ARB 25 (32) 6 (26) 19 (34) 0.465

Diuretic 14 (18) 2 (9) 12 (22) 0.168

Aspirin 19 (24) 6 (26) 13 (24) 0.818

Statin 32 (41) 11 (48) 21 (38) 0.430

STOP- BANG score, median (IQR) 4 (2–5) 2 (2–4) 4 (3–5) 0.002

Low risk, n (%) 24 (31) 15 (65) 9 (16) <0.001

Moderate risk, n (%) 33 (42) 4 (17) 29 (53)

High risk, n (%) 21 (27) 4 (17) 17 (31)

SOS score, mean±SD 14.8±7.1 14.1±7.8 15.6±6.6 0.373

Low risk, n (%) 21 (27) 9 (39) 12 (22) 0.207

Moderate risk, n (%) 38 (49) 8 (35) 30 (54)

High risk, n (%) 19 (24) 6 (26) 13 (25)

Abnormal anterior circulation vasoreactivity was defined as a breath- holding index <0.69. SOS and STOP- BANG are sleep apnea risk scores. ACEI indicates 
angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CCB, calcium channel blocker; IQR, interquartile range; 
and TCD, transcranial Doppler.

*Two patients had insufficient bone window for insonation.
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Posterior circulation vasoreactivity was impaired in 
53 of 71 patients (75%), with a median VEFVR of 10.8% 
(interquartile range: 8.8–14.5). A comparison between 
patients with normal or impaired posterior circulation is 
shown in the Table 2. There were no significant differ-
ences between patients with normal or impaired pos-
terior circulation vasoreactivity except for the use of 
angiotensin receptor blocker medications, which were 
used more frequently among patients with impaired 
posterior circulation vasoreactivity (Table 2).

In the multivariable analysis, only dyslipidemia 
and STOP- BANG risk categories remained associ-
ated with impaired anterior circulation vasoreactivity 
(Table  3). Dyslipidemic patients were 4.7 times more 
likely to present impaired anterior circulation vasore-
activity compared with patients without dyslipidemia. 
Similarly, increasing 1 point on the STOP- BANG score 
was associated with 1.7- fold increased odds of im-
paired anterior circulation vasoreactivity. Because nei-
ther STOP- BANG nor SOS scores were associated 
with impaired posterior circulation vasoreactivity in the 
univariable analyses, we did not perform multivariable 
analysis for this outcome.

DISCUSSION
This cross- sectional study was conducted to assess 
the importance of OSA in stroke patients and its asso-
ciation with cerebral vasoreactivity. There were 2 main 
results: (1) dyslipidemia was independently associated 
with impaired vasoreactivity, and (2) risk of OSA was as-
sociated with impaired anterior circulation vasoreactiv-
ity. Regarding the first result, other studies have shown 
that statin use is associated with improved cerebral 

vasoreactivity compared with not using statins.28–31 
These authors hypothesized that statins exert an ef-
fect on the endothelium, which directly and indirectly 
acts on the vasodilatory response closely with vascu-
lar reactivity.28–31 In our study, however, statin use was 
not associated with impaired vasoreactivity in univari-
able or multivariable analyses. The effect of statin use 
on vasoreactivity may be restricted to those patients 
who are dyslipidemic, with the highest risk of impaired 
vasoreactivity.

Our second main result was the association be-
tween risk of OSA and impaired anterior circulation 
vasoreactivity. We found a significant negative cor-
relation between the risk of OSA based on the STOP- 
BANG score and BHI, suggesting that the greater the 
risk of OSA, the worse cerebral vasoreactivity will be 
in patients with stroke, a finding confirmed in the mul-
tivariable analysis. Various studies have documented 
impaired cerebral perfusion during obstructive apnea 
events.32,33 Impaired vasoreactivity is thought to be 
caused by a damaged chemoreceptor or endothelial 
system in the conduction of the relaxation and va-
sodilatation of the cerebrovascular circulation, which 
in turn increases cerebrovascular and cardiovascu-
lar risk.34 One study of 162 patients with Alzheimer’s 
disease (with or without OSA) found lower BHI in the 
OSA group, (mean: 0.74±0.32) and BHI <0.69 was in-
dependently associated with OSA (odds ratio: 5.25; 
95% CI, 2.35–11.74).35 Jointly, these findings suggest 
that vascular risk factors act differentially on endothe-
lial dysfunction in patients with OSA because these in-
dividuals are more susceptible to vascular injury than 
those without OSA.

Other cerebrovascular risk factors were also associ-
ated with impaired anterior circulation vasoreactivity in 

Figure. Analysis of the risk of sleep apnea (STOP- BANG score) in stroke patients with normal or 
impaired anterior circulation vasoreactivity (impaired defined as breath holding index [BHI] <0.69).
The black bars represent the 25th, 50th, and 75th percentiles.
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Table 2. Univariable Analyses Comparing Stroke Patients With Normal or Abnormal Posterior Circulation Vasoreactivity (N=71*)

Variable Normal Posterior Vasoreactivity (n=18)
Abnormal Posterior Vasoreactivity 

(n=53) P Value

Age, y, mean±SD* 56±12 58±13 0.574

Female sex, n (%) 8 (44) 25 (43) 0.841

BMI, mean±SD* 24±4.3 26±4.6 0.102

Alcohol use, n (%) 5 (29) 10 (19) 0.424

Smoking, n (%) 3 (17) 13 (24) 0.490

Hypertension, n (%) 12 (67) 42 (79) 0.280

Diabetes mellitus, n (%) 5 (28) 18 (34) 0.628

Dyslipidemia, n (%) 9 (50) 37 (70) 0.128

Coronary artery disease, n (%) 1 (6) 7 (13) 0.403

Peripheral obstructive arterial disease, n (%) 0 (0) 2 (4) 0.538

Heart failure, n (%) 5 (28) 11 (21) 0.538

Atrial fibrillation, n (%) 3 (17) 6 (11) 0.556

Chronic kidney disease, n (%) 0 (0) 4 (7) 0.230

Hemorrhagic stroke, n (%) 4 (22) 7 (13) 0.361

Vascular territory 0.682

Anterior circulation 8 (80%) 28 (74%)

Posterior circulation 2 (20%) 10 (26%)

Ischemic stroke etiology, n (%) 0.389

Large- vessel atherothrombosis 2 (5) 0 (0)

Small- vessel occlusion (lacune) 1 (2) 2 (18)

Cardioembolic 5 (45) 13 (31)

Other known etiologies 0 (0) 2 (5)

Cryptogenic 1 (9) 7 (17)

>1 Cause 0 (0) 1 (2)

Incomplete investigation 3 (27) 16 (38)

Time from stroke onset to TCD, d, mean±SD 439±184 410±174 0.581

Vasodilators 0 (0%) 3 (6%) 0.302

Sleep- inducing medications 0 (0%) 9 (17%) 0.061

No. of coffee drinks per day, median (IQR) 2 (0–4) 2 (1–2) 0.937

Medications in use, n (%)

β- Blocker 2 (11) 9 (17) 0.552

CCB 2 (11) 8 (15) 0.675

ACEI 0 (0) 2 (4) 0.403

ARB 2 (11) 22 (41) 0.018

Diuretic 1 (6) 12 (23) 0.104

Aspirin 4 (22) 12 (23) 0.404

Statin 4 (33) 23 (43) 0.453

SOS score, mean±SD 13.2±5.6 15.8±7.1 0.167

Low risk, n (%) 5 (28) 13 (24) 0.704

Moderate risk, n (%) 10 (56) 26 (49)

High risk, n (%) 3 (17) 14 (26)

STOP- BANG, median (IQR) 4 (2–5) 4 (2–5) 0.646

Low risk, n (%) 6 (33) 16 (30) 0.965

Moderate risk, n (%) 7 (39) 21 (40)

High risk, n (%) 5 (28) 16 (30)

Abnormal posterior circulation vasoreactivity defined as visual evoked flow velocity response ≤14.0%. SOS and STOP- BANG are scores used to estimate 
sleep apnea risk. ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CCB, calcium channel 
blocker; IQR, interquartile range; and TCD, transcranial Doppler.

*Nine patients had insufficient bone window for insonation.
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univariable analyses, such as age and history of hyper-
tension, but did not remain in the multivariable model. 
Indeed, the effects of sex on cerebral hemodynamics 
are complex; a study comparing pre-  and postmeno-
pausal women of the same age showed significantly 
higher BHI values in the latter group (0.81±0.10 versus 
1.34±0.10; P<0.0001).36 We did not collect information 
on menopausal status in the present study to account 
for this factor. Regarding hypertension, studies of ce-
rebral vasoreactivity in normotensive and hypertensive 
individuals have usually shown impaired vasoreactiv-
ity in those with hypertension,37–39 but some show no 
association.40,41 The effect of hypertension on cere-
brovascular reactivity probably depends on how well 
hypertension is controlled over time—information sel-
dom collected in observational studies.

Few studies have evaluated posterior circulation 
vasoreactivity in stroke. One study evaluated posterior 
circulation vasoreactivity in patients with amyloid an-
giopathy in response to visual stimulation, based on 
analysis of VEFVR.19 Patients with amyloid angiopathy 
showed lower VEFVR compared with healthy controls 
(8.0% versus 17.4%; P=0.002).19 Median VEFVR was 
10.8% in our study, which is closer to the range de-
tected in patients with amyloid angiopathy. Because 
most patients (75%) showed abnormal posterior cir-
culation vasoreactivity, it is possible that our study 
lacked power to demonstrate significant associations. 
Another possible explanation is the known reduction of 
adrenergic receptors in the posterior (vertebrobasilar) 
circulation compared with the carotid system, as seen 
in cases of posterior reversible encephalopathy,42–44 in 
which acute and persistent elevation of pressure levels 
does not reach self- regulation to prevent brain involve-
ment in the region of posterior brain irrigation, causing 
injury in this specific area.45

We used SOS and STOP- BANG scores to estimate 
risk of OSA, instead of direct measurement of disease 
severity using polysomnography. The majority of the 
patients involved had scores indicating moderate or 
high risk, based on SOS and STOP- BANG, which have 
been shown to be highly predictive of OSA.17 These 

data were confirmed by a meta- analysis in which sen-
sitivity of moderate and high STOP- BANG categories 
for OSA diagnosis (using polysomnography as a gold 
standard) was 94% to 96%,17,46 validated in Brazil.46 
The SOS score had similar sensitivity.14 Although SOS 
and STOP- BANG classify apnea risk similarly, they use 
different baseline variables. STOP- BANG uses some 
objective data not present in the SOS score, such as 
neck circumference, whereas SOS uses subjective 
daytime sleepiness questions not present in STOP- 
BANG. These differences may explain why STOP- 
BANG was correlated with cerebral vasoreactivity, but 
SOS was not. Polysomnography is the examination 
of choice for diagnosis of OSA, but it is a high- cost 
and difficult- to- access test. Studies have been devel-
oped to aggregate diagnostic and screening tools for 
OSA with the use of high- resolution pulse oximetry. In 
these studies, oxygen desaturation measured by high- 
resolution pulse oximetry predicts outcomes of acute 
ischemic stroke in patients with OSA.47 In addition, 
other home- based screening tools have been devel-
oped and should be studied further.48

Our study was performed at a single university–
based medical center. However, the cerebrovascular 
profile showed characteristics similar to other studies 
of stroke and OSA and should generalize well to other 
hospital- based cohorts. In the evaluation of the risk 
scores for OSA, based on STOP- BANG and SOS, the 
majority of our patients were moderate to high risk. This 
finding is similar to observations in the literature, where 
60% of patients with brain and cardiovascular diseases 
present with OSA7 and a prevalence of sleep apnea 
(Apnea–Hypopnea Index ≥10/h) from 52% to 62% ex-
ists in the first 24 hours after stroke.49,50 Although we 
reached our recruitment goal, losses due to inade-
quate bone windows or quality of measurements in the 
posterior cerebral artery may have led to inadequate 
power for some analyses, especially regarding poste-
rior circulation vasoreactivity. Nevertheless, the study 
provides insights into a possible differential response in 
anterior and posterior circulation vasoreactivity in OSA, 
which should be confirmed in future studies. Finally, 
we did not further detail the size or location of the brain 
lesion found on computed tomography or magnetic 
resonance imaging, which could have added patho-
physiologic insights to our study. However, we thought 
that the heterogeneity of the neuroimaging techniques 
from multiple hospitals that referred patients to our 
outpatient clinic would limit our conclusions, and we 
chose not to perform more detailed neuroimaging 
analyses.

Patients with stroke frequently present with a mod-
erate or high risk of OSA, classified by the SOS and 
STOP- BANG, and have impaired vasoreactivity on TCD 
measurements (BHI and VEFVR). Dyslipidemia and the 
risk categories for OSA, based on STOP- BANG, were 

Table 3. Multivariable Logistic Regression Showing 
Variables Associated With Impaired Anterior Circulation 
Vasoreactivity (Breath Holding Index <0.69)

Variable Odds Ratio 95% CI P Value

Dyslipidemia* 4.7 if present 1.5–14.2 0.007

STOP- BANG score 1.7 per 1- point increase 1.1–2.5 0.015

Age 1.0 per increased year 0.9–1.05 0.956

Female sex 1.1 0.3–3.7 0.904

*Total cholesterol ≥200  mg/dL, LDL (low- density lipoprotein) ≥160  mg/
dL, HDL (high- density lipoprotein) <40 mg/dL for women or <50 mg/dL for 
men, triglycerides ≥150 mg/dL, use of cholesterol-  or triglyceride- lowering 
medications.24
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independent risk factors for impaired anterior circula-
tion vasoreactivity.
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