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Purpose: Obstructive sleep apnea (OSA) is a risk factor and common morbidity for stroke and transient
ischemic attack (TIA). However, screening for OSA in patients with stroke or TIA is uncommonly
performed, due in part to difficulties associated with conducting polysomnography (PSG) and Home
Sleep Apnea Tests (HSATs). The 8-point “STOP-BANG” questionnaire has been shown to have high
methodological quality in screening for OSA. This study examined the clinical utility of a modified
version of the “STOP-BANG” questionnaire, which removed neck circumference and included nocturnal
oxygen desaturation in diagnosing OSA (ie, the “STOP-BAG-O" tool), with the goal of improving uptake
and accuracy in diagnosing OSA.
Methods: In total, 231 participants completed both the STOP-BAG questionnaire and PSG or HSAT within
12 months of stroke/TIA. Using receiver-operating curves, scores on the “STOP-BAG-0" and “STOP-BAG”
questionnaires were assessed for their ability to predict a diagnosis of OSA and classify at least 50% of the
study population.
Results: Compared to an OSA diagnosis of AHI>10, the STOP-BAG (using cut-offs of <3 and >4) had a
sensitivity and specificity of 83.5% and 67.2%, respectively. The STOP-BAG-O (using cut-offs of <3 and >5)
had a sensitivity and specificity of 95.9% and 78.4%, respectively. For all AHI cut-offs used, the area under
the curve for the STOP-BAG-0 was greater and statistically different (p < 0.001) than that for the STOP-
BAG.
Conclusions: The STOP-BAG-O is a valid tool for identifying risk of OSA post-stroke/TIA. The simplicity of
this tool and ease of assessing nocturnal oxygen desaturation makes it a feasible option for widespread
use.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

systemic inflammation and oxidative stress, activates platelets, and
disrupts vascular endothelial function [1]. OSA is both a risk factor

Obstructive sleep apnea (OSA) is a common disorder charac-
terized by reduced pharyngeal dilator muscle tone during sleep,
which causes intermittent interruptions in airflow [1]. OSA exposes
the brain and body to cycles of awakening and hypoxia, promotes
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[2] and common comorbidity after stroke and transient ischemic
attack (TIA) [3], affecting 61% of stroke survivors and 52% of
patients post-TIA [4]. Overall, after adjusting for other vascular risk
factors, sleep apnea increases stroke risk by approximately four
times [2], and increases mortality nearly 3-fold when left untreated
[5]. After stroke, sleep apnea is an independent predictor of worse
functional outcomes [6], greater functional impairment, and longer
hospitalizations [7]. The small randomized trials that have inves-
tigated early treatment of OSA post-stroke using nasal continuous
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positive airway pressure (CPAP) have shown mixed results and a
definitive trial has not yet been completed [8—12].

The 2014 stroke prevention guidelines from the American Heart
Association state that consideration may be given to screening for
sleep disorders such as OSA [13]. However, screening for OSA in
patients with stroke or TIA is uncommon [14]. There are many
factors limiting routine screening and assessment [15]; one key
factor contributing to the under-diagnosis of OSA post-stroke/TIA is
the difficulty associated with conducting polysomnography (PSG)
in a sleep laboratory [14]. PSG has limited access and is costly and
time-consuming, and many patients are unwilling to sleep over-
night in a laboratory setting [16]. Home sleep apnea tests (HSATSs)
have been found to be feasible for unattended use after stroke/TIA
[17]. However, HSATs are unavailable in many institutions and may
be too costly for routine use in some stroke clinics [16]. For these
reasons, simple screening questionnaires have been developed to
identify those patients at high or low-risk for OSA.

The “STOP-BANG” questionnaire has been shown to have high
methodological quality in screening for OSA [18]. This question-
naire is an 8-point scale consisting of yes/no questions related to
snoring, tiredness during daytime, observed apneas, high blood
pressure, body mass index (BMI), age, neck circumference, and
gender [19]. By using this concise and simple screening tool, those
at low-risk for OSA can be identified, thereby saving time and costs
on PSGs and/or HSATs. Neck circumference is often not obtained,
and has been shown to not significantly improve model perfor-
mance in patients with cerebrovascular disease [20]. Therefore, the
“STOP-BAG” questionnaire, without neck circumference, has been
suggested as an equally valid screening tool [20].

Although OSA is a major predictor of recovery and quality of life
in stroke/TIA survivors, there has been limited work examining the
use of the STOP-BANG questionnaire in this patient population
[16,20—22]. Prior studies that used the STOP-BANG questionnaire,
or any variant of it, are summarized in Table 1 [16,20—22]. There are
significant differences between OSA patients with and without
stroke/TIA: post-stroke OSA patients tend to be less sleepy [2] and
be older [16] than those without stroke. Furthermore, over 50% of
stroke patients without sleep apnea do snore [4], suggesting that
snoring may not be a strong predictor of OSA in stroke patients.
These differences indicate that the STOP-BANG questionnaire
originally designed for use in the general population may not be
fully valid for use in patients with stroke/TIA. In addition, previous
research has demonstrated that oximetry may be helpful in
assessing for OSA [23—25], however, guidelines from the American
Academy of Sleep Medicine (AASM) do not support use of oximetry
alone in predicting sleep apnea [26]. This suggests the potential
value of investigating whether the combination of the STOP-BAG
questionnaire with nocturnal oxygen desaturation may serve as a
useful tool in predicting OSA in stroke/TIA patients.

Our primary objective was to examine whether adding nocturnal
oxygen desaturation to the STOP-BAG score improved the discrim-
inative ability and usefulness of this screening tool in predicting OSA
in a population of stroke/TIA patients. In order to maximize the
utility of our screening tool, we selected cut-offs which classified
>50% of our sample and categorized patients as being low- or high-
risk for OSA. We secondarily investigated the relationship between
individual STOP-BAG variables and nocturnal oxygen desaturation in
predicting a diagnosis of OSA, as assessed by PSG or a HSAT.

2. Methods
2.1. Study population

Between April 11, 2012 and July 21, 2017, 231 participants were
recruited from two studies: “Post-stroke Triage “DOC”: Simple

Screening for Depression, Obstructive Sleep Apnea and Cognitive
Impairment” (DOC, N = 58; https://clinicaltrials.gov/ct2/show/
NCT02007265) and a single-centre randomized controlled trial
entitled “SLEep APnea Screening using Mobile Ambulatory Re-
corders after TIA/stroke” (SLEAP SMART, N = 173; https://
clinicaltrials.gov/ct2/show/NCT02454023). These studies were
reviewed and approved by the local Research Ethics Board, and all
study participants provided written informed consent. We
included patients who participated in these studies and completed
the STOP-BAG questionnaire, as well as PSG or HSAT within 12
months of the index stroke/TIA. PSGs were conducted at our hos-
pital sleep laboratory for all DOC study patients (N = 58) and for
38.7% of the SLEAP SMART study patients (N = 67); the remainder
of the SLEAP SMART patients underwent HSAT (N = 106). For this
manuscript, inclusion criteria included a diagnosis of ischemic
stroke or stroke-specialist diagnosed TIA occurring within 365 days
of the study testing and English speaking (including English as a
Second Language, or able to communicate through translator).
Patients were excluded if they could not complete the study re-
quirements due to significant physical or cognitive impairment (eg,
aphasia), or if their sleep testing demonstrated predominantly
central sleep apnea (N = 5). For the SLEAP SMART study, patient
exclusion criteria also included: (1) previous diagnosis of OSA; (2)
current CPAP use; (3) less than 12 months life expectancy at the
time of recruitment; (4) respiratory or cardiac problems that could
affect the accuracy of HSAT screening results; (5) use of medical
devices that would affect placement of the HSAT screening devices
and/or CPAP; (6) pregnancy; and (7) no provincially funded medical
coverage. The STOP-BANG questionnaire assesses obstructive
sleep-disordered breathing; as a result, patients who predomi-
nantly had central sleep apnea were not included in our analyses.

2.2. Sleep screening

Eligible participants completed overnight OSA screening via
laboratory PSG or using a HSAT. The HSAT used in this study was the
ApneaLink Air and it was completed at home or in the patient's
hospital room. The Apnealink HSAT records respiratory move-
ments, oxygen saturation and airflow and has been validated
against PSG for the detection of OSA [27,28]. Use of this HSAT has
been demonstrated to be feasible in the stroke/TIA population [17].

Scoring for both PSG and HSAT was completed according to the
standards of the AASM [29]. As has been previously described [30],
apneas were defined as a decline in peak signal excursion for at least
10 s and hypopneas were defined as a decline in peak signal
excursion by 30% for at least 10 s, with an oxygen desaturation of
>4%. The scoring of the ApneaLink Air was automated and reviewed
by a sleep specialist; where concerns arose, a sleep technologist also
reviewed the raw tracings. The AHI was calculated from PSG or HSAT
data as the total number of apneic and hypopneic events detected
per hour during the night of recorded sleep.

2.3. Outcome measures

Following a diagnosis of ischemic stroke or TIA, patients
completed the STOP-BANG questionnaire [19]. The questionnaire
was completed post-stroke/TIA and patients responded in reference
to the post-stroke/TIA period. We used the STOP-BANG question-
naire as originally described [19] except that we excluded neck
circumference, which gave rise to the “STOP-BAG” questionnaire.

In addition, oximetry data was recorded from PSG and HSAT
data and included in the analysis. An oxygen desaturation event
was noted if the saturation level decreased by 4% for at least 5 s. If
the patient had a lowest oxygen desaturation value < 88%, they
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Table 1
Summary of prior studies that have used the STOP-BANG questionnaire, or any of its variants, to predict OSA risk after stroke/TIA.

Publication Sample Size (N) Time between AHI cut-off Results Cut-off score used Sensitivity,
stroke/TIA and Specificity
sleep test

Boulos et al., 2016 [16] N =69 Within 180 days >10 e STOP-BAG significantly 2 0.94

- 46 (66.7%) ischemic detected OSA 0.14
stroke e STOP-BAG scores were
- 7(10.1%) hemorrhagic significantly correlated
stroke with AHI
- 16 (23.2%) TIA e Male sex and BMI were
independent predictors
of OSA
Katzan et al., 2016 [20] N = 208 Within 1 year >10 e STOP-BAG model can be 3 0.93
- 99 (47.6%) ischemic used to identify 0.54
stroke cerebrovascular patients
- 12 (5.8%) hemorrhagic at increased risk for OSA
stroke e Addition of neck
- 59 (28.4%) other circumference and other
cerebrovascular disease variables did not
- 38(18.3%) other significantly improve
the models
Swartz et al,, 2017 [21] N = 88 No restriction >15 e The area under receiver One cut-point cut-off: 2 One cut-point:
- 39 (44.3%) TIA operating curve was 0.660 Low-risk cut-off: 0 0.59, 0.65
- 37 (42.1%) stroke when comparing High-risk cut-off: 4 Two cut-points:
- 12 (13.6%) other gold-standard PSG with 0.95, 0.96 but 83%
the STOP questionnaire remained intermediate
e When logistic regression was risk
applied to ROC curve analysis
controlling for age, sex and
BMI, AUC was 0.798
Sico et al., 2017 [22] N =194 Cohort 1: within >5 e STOP-BANG Questionnaire 0.654 0.35
- 107 (55.2%) ischemic 30 days of ischemic did not strongly predict the 0.73
stroke stroke or any time presence of OSA on a formal
- 57(29.4%) TIA after TIA PSG in an exclusively
- 30(15.5%) TIA Cohort 2: within post-ischemic stroke or
or ischemic stroke 1 week TIA population

Abbreviations: AHI = apnea-hypopnea index; BMI = body mass index;
TIA = transient ischemic attack.

were given one additional point to the total STOP-BAG score, which
created the “STOP-BAG-0” score.

The primary definition of OSA used for this study was an AHI
cut-off >10 events per hour. Additional AHI cut-offs were also
assessed (eg AHI >5, AHI >15, AHI >30) to evaluate the sensitivities
and specificities of the STOP-BAG and STOP-BAG-O screening tools
in predicting OSA.

2.4. Statistical analysis

Descriptive statistics were computed for recorded variables.
Normally distributed continuous variables were reported as means
and standard deviations. Non-normally distributed continuous
variables were reported as median and interquartile range (IQR).
Categorical variables were reported as frequency counts.

To investigate our primary objective of whether adding
nocturnal oxygen desaturation to the STOP-BAG score would
improve the clinical utility of this tool, for both the STOP-BAG and
the STOP-BAG-O screening tools, sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) were
calculated for each AHI cut-off score. Cut-off scores were selected to
classify >50% of the sample; in order to maximize sensitivity and
specificity, cut-off scores were chosen as low- and high-risk scores.
Additionally, Receiver Operating Characteristic (ROC) curves were
prepared for each AHI cut-off for the STOP-BAG and the STOP-BAG-
O screening tools, and the areas under the curve (AUC) at each level
were also computed. Since the STOP-BAG and STOP-BAG-O were
nested models, we compared the addition of oximetry using the
roc.test function in “R”, which permitted statistical comparison
with bootstrapping of the AUCs for each model.

OSA = obstructive sleep apnea; PSG = polysomnography; ROC = receiver operating curve;

To evaluate independent predictors of an OSA diagnosis, logistic
regression analyses were conducted with the eight STOP-BAG-O
variables. OSA diagnosis was the dependent variable for the
model and the definition used was an AHI >10. For each predictor,
the odds ratio (OR), 95% confidence interval (CI) and their respec-
tive p-value was reported. In addition, we ran Spearman correlation
coefficients to assess whether total scores on the STOP-BAG-O and
STOP-BAG screening tools would be correlated with AHI. Further-
more, model validation was completed with bootstrapping where
resampling was performed 100 times with replacement to assess
for model overfitting. For all analyses, a p-value <0.05 was
considered to be statistically significant. Analyses were performed
with the statistics software “R”, version 3.4.1 (R Foundation for
Statistical Computing, Vienna, Austria) or with the Statistical
Package for the Social Sciences 24.0 (IBM Corp., Armonk, NY).

3. Results

Two hundred and thirty-one patients from the SLEAP-SMART
and DOC studies who were diagnosed with an ischemic stroke or
TIA completed PSG or HSAT testing and the STOP-BAG question-
naire within one year of their stroke/TIA event. As mentioned in the
methods, patients diagnosed with central sleep apnea (N = 5) were
not included in analyses. Of these 231 patients, 58.0% (N = 134)
were not diagnosed with OSA, having an AHI < 10. The remaining
97 patients were diagnosed with OSA: 42.0% (N = 97) had an AHI >
10, 28.6% (N = 66) had an AHI >15, and 10.8% (N = 25) had an AHI >
30. The mean (+SD) age was 64.41 + 15.27, the median BMI was
26.36 kg/m?. In our patient population, 74.9% (N = 173) suffered a
stroke as opposed to a TIA. The median time between the index
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cerebrovascular event and recruitment/baseline testing was eight
days, and the median time between the index cerebrovascular
event and sleep testing was 99 days. The clinical characteristics of
our study population are outlined in Table 2.

The sensitivities, specificities, PPV and NPV values for the STOP-
BAG and STOP-BAG-O cut-offs are presented in Tables 3 and 4,
respectively. For the STOP-BAG questionnaire, a cut-off of <3
allowed us to maximize sensitivity, while a cut-off of >4 permitted
maximizing specificity; these cut-offs were used to distinguish
those at low- or high-risk, respectively, for a diagnosis of OSA (AHI
>10), as has been previously described [19], as well as classify >50%
of the sample. These cut-offs yielded a sensitivity of 83.5% and
specificity of 67.2%. For the STOP-BAG-O screening tool, cut-offs of
<3 and >5 were selected to maximize sensitivity and specificity
and classify >50% of the sample. These cut-offs yielded a sensitivity
of 95.9% and specificity of 78.4%.

Values for the area under the receiver-operating curve were
calculated for each AHI cut-off for both the STOP-BAG and STOP-
BAG-O and are presented in Table 5; the receiver-operating
curves are displayed in Fig. 1. Using our primary definition for
OSA (ie, an AHI of >10), the STOP-BAG questionnaire yielded an
AUC of 0.682 while the STOP-BAG-O yielded an AUC of 0.751. For all
the AHI cut-offs examined, the AUC was greater for the STOP-BAG-
O compared to the STOP-BAG. To determine if there was a signifi-
cant difference between the two models, a statistical comparison
was performed using bootstrapping. Results are presented in
Table 5; for each AHI cut-off, there was a statistically significant
difference between the two models (p < 0.001).

Logistic regression analyses were completed to assess which
variables of the STOP-BAG-O were independent predictors of OSA,
and the results are reported in Table 6. Using an AHI cut-off of >10,
the variables that significantly independently predicted an OSA
diagnosis were BMI (OR: 4.42, 95% CI: 1.09—11.80, p = 0.035), age
(OR: 6.29, 95% CI: 1.32—9.68, p = 0.012), male sex (OR: 8.98, 95% CI:
1.44-5.77, p = 0.003), and nocturnal oxygen desaturation (OR:

Table 2
Clinical characteristics of study population (N = 231).

31.56, 95% CI: 6.61-50.09, p < 0.001). Internal model validation
indicated there was no concern of overfitting. Moreover, the model
had a C-index value of 0.828 indicating a strong model with good
discrimination. In addition, total scores on the STOP-BAG and STOP-
BAG-O screening tools were significantly correlated with AHI
(p < 0.001).

4. Discussion

In our study, the “STOP-BAG-O” screening tool, a modified
version of the “STOP-BAG” questionnaire that included oximetry
data, demonstrated enhanced clinical utility compared to the STOP-
BAG questionnaire in predicting a diagnosis of OSA in stroke/TIA
patients. For all AHI cut-offs used, the area under the curve for the
STOP-BAG-O was greater and statistically different than that for the
STOP-BAG questionnaire. Regression analysis of the STOP-BAG-O
variables demonstrated that BMI, age, male sex, and nocturnal
oxygen desaturation significantly predicted a diagnosis of OSA.

The cohort in this study is the largest to date that has assessed
the STOP-BAG questionnaire in stroke and TIA patients. The STOP-
BAG questionnaire is easily and quickly administered, making this
questionnaire highly feasible for in-clinic use. However, the model
performance of the STOP-BAG questionnaire in our study, which did
not include oxygen desaturation, was relatively poor with an AUC of
0.682. Providing patients with a pulse oximeter to take home for
one night or use for one night in-hospital, can allow for efficient
detection of nocturnal oxygen desaturation and can provide added
value when included into the total STOP-BAG-O score to assess for
OSA risk. By identifying those at low-risk for OSA, high costs and
lengthy wait-times associated with PSG may be decreased.
Furthermore, by using the screen to classify those at high-risk, pa-
tients in more serious and immediate need of further testing can be
identified. Use of an oximeter would be cheaper than HSAT; and,
prior work has demonstrated that completion rates were

Variable Total Population OSA (AHI>10) No OSA (AHI<10)
N =231 N =97 N =134
Mean (SD)
Age 64.4 (15.3) 69.0 (13.5) 61.1 (15.7)
Median (IQR)
BMI 264 (5.4) 27.2(6.1) 25.9(5.3)
Days between event and recruitment/baseline testing 8 (68) 6(78) 10 (64.3)
Days between event and HSAT/PSG testing 99 (137) 100 (128.5) 94.5 (140.5)
Days between recruitment/baseline testing and HSAT/PSG testing 54 (117) 65 (136.5) 47.5(115.3)
AHI 7(15) 20(17) 3(5)
OAI 0.9 (3.6) 4.4 (7.5) 0.1 (0.9)
CAI 0.1 (0.6) 0.6 (3.4) 0(0.2)
Hypopnea Index 4(8.2) 11 (10.7) 1.6 (3.5)
Sleep Under 90 min 4 (25) 12 (36.5) 1(11.3)
N (%)
Male 138 (59.7%) 69 (71.1%) 69 (51.5)
Stroke 173 (74.9%) 74 (76.3%) 99 (73.9)
Completed PSG 125 (54.1%) 53 (54.6%) 72 (53.7)
STOP variables
Snore 107 (46.3%) 52 (53.6%) 55 (41.0%)
Tired 116 (50.2%) 50 (51.5%) 66 (49.3%)
Observed apnea 47 (20.3%) 25 (25.8%) 22 (16.4%)
High blood pressure 136 (58.9%) 69 (71.1%) 67 (50%)
AHI
0-4.9 85 (36.8%)
5-9.9 49 (21.2%)
10—-14.9 31 (13.4%)
15-29.9 41 (17.7%)
30+ 25 (10.8%)

Abbreviations: AHI = apnea-hypopnea index; BMI = body mass index; CAI = central apnea index; HSAT = home sleep apnea test; IQR = interquartile range; OAI = obstructive

apnea index; PSG = polysomnography; SD = standard deviation.
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Table 3
Sensitivity, specificity, and cumulative percent for STOP-BAG cut-off scores (N = 231).
Cut-off score 0 1 2 3 4 5 6 7
Cumulative % 1.3 7.8 29.0 56.3 82.7 95.7 99.6 100
AHI>5 Sens. 1.000 1.000 0.959 0.808 0.555 0.240 0.062 0.007
Spec. 0.000 0.035 0.141 0.459 0.765 0.941 0.988 1.000
PPV 0.632 0.640 0.657 0.720 0.802 0.875 0.900 1.000
NPV 1.000 1.000 0.667 0.582 0.500 0.419 0.380 0.370
AHI>10 Sens. 1.000 1.000 0.979 0.835 0.588 0.289 0.082 0.01
Spec. 0.000 0.022 0.119 0.381 0.672 0.910 0.985 1.000
PPV 0.420 0.425 0.446 0.494 0.564 0.700 0.800 1.000
NPV 1.000 1.000 0.889 0.761 0.692 0.639 0.738 0.583
AHI>15 Sens. 1.000 1.000 1.000 0.864 0.606 0.333 0.121 0.015
Spec. 0.000 0.018 0.109 0.352 0.630 0.891 0.988 1.000
PPV 0.286 0.289 0310 0.348 0.396 0.550 0.800 1.000
NPV 1.000 1.000 1.000 0.866 0.800 0.770 0.738 0.717
AHI>30 Sens. 1.000 1.000 1.000 0.920 0.800 0.360 0.120 0.04
Spec. 0.000 0.015 0.087 0316 0.607 0.850 0.966 1.000
PPV 0.108 0.110 0.117 0.140 0.198 0.225 0.300 1.000
NPV 1.000 1.000 1.000 0.970 0.962 0916 0.900 0.896
Abbreviations: AHI = apnea-hypopnea index; NPV = negative predictive value; PPV = positive predictive value; Sens = sensitivity; Spec = specificity.
Table 4
Sensitivity, specificity, and cumulative percent for STOP-BAG-O cut-off scores (N = 231).
Cut-off score 0 1 2 3 4 5 6 7 8
Cumulative % 13 4.3 16.9 37.2 63.2 84.8 96.5 99.6 100
AHI>5 Sens. 1.000 1.000 1.000 0.938 0.795 0514 0.219 0.055 0.007
Spec. 0.000 0.035 0.118 0.353 0.659 0.882 0.965 1.000 1.000
PPV 0.632 0.640 0.661 0.714 0.800 0.882 0.914 1.000 1.000
NPV 1.000 1.000 1.000 0.769 0.651 0514 0418 0.381 0.370
AHI>10 Sens. 1.000 1.000 1.000 0.959 0.835 0.577 0.268 0.082 0.01
Spec. 0.000 0.022 0.075 0.261 0.522 0.784 0.933 1.000 1.000
PPV 0.420 0425 0439 0.484 0.559 0.659 0.743 1.000 1.000
NPV 1.000 1.000 1.000 0.897 0.814 0.719 0.638 0.901 0.583
AHI>15 Sens. 1.000 1.000 1.000 0.985 0.864 0.591 0.303 0.121 0.015
Spec. 0.000 0.018 0.061 0.230 0.467 0.721 0.909 1.000 1.000
PPV 0.286 0.289 0.299 0.339 0.393 0.459 0.571 1.000 1.000
NPV 1.000 1.000 1.000 0.974 0.895 0.815 0.765 0.740 0.717
AHI>30 Sens. 1.000 1.000 1.000 1.000 0.920 0.800 0.360 0.120 0.040
Spec. 0.000 0.015 0.049 0.189 0.408 0.684 0.874 0.976 1.000
PPV 0.108 0.111 0.113 0.130 0.159 0.235 0.257 0.375 1.000
NPV 1.000 1.000 1.000 1.000 0.977 0.966 0.918 0.901 0.896

Abbreviations: AHI = apnea-hypopnea index; NPV = negative predictive value; PPV = positive predictive value; Sens = sensitivity; Spec = specificity.

substantially higher in older adults who used a wrist-worn
oximeter (100%) compared to those who used HSAT (54%) [31].

We modified the original STOP-BANG questionnaire in two
ways. First, we removed neck circumference, as this has been
shown to have little impact on the STOP-BANG's performance in
patients with cerebrovascular disease [20], and is not routinely
obtained in clinical settings. Finally, we included oxygen desatu-
ration as recent research has suggested that oxygen desaturation
may play a role in OSA severity and may be a useful metric for
predicting OSA [23—25]. Inclusion of this variable proved effective,
as this variable was significantly and independently correlated with
OSA diagnosis.

Table 5

Area under the receiver operating curves (AUC) values for different AHI cut-offs.
AHI cut-off Area Under the Receiver Operating Curve p-value

STOP-BAG STOP-BAG-0O

>5 0.706 0.792 <0.001"
>10 0.682 0.751 <0.001"
>15 0.685 0.736 <0.001"
>30 0.728 0.773 <0.001"

Abbreviations: AHI = apnea-hypopnea index.
“Indicates P < 0.05.

When individual STOP-BAG-O variables were compared with
AHI using logistic regression, it was found that four variables were
significantly predictive of an OSA diagnosis (defined as an AHI > 10):
BMI, age, male sex, and nocturnal oxygen desaturation. Previous
research findings have demonstrated that BMI [16], age and male
sex [16] and low nocturnal oxygen desaturation [23] are associated
with increased risk of OSA. Using these four variables to create a
new screening tool, the area under the curve was 0.777 for an AHI
cut-off of >10; this finding warrants further investigation into the
role these variables may play in screening for OSA. Of note, internal
model validation using bootstrapping was completed and there was
no concern of overfitting present in this 4-variable model.

When comparing AUCs for different cut-offs of STOP-BAG-O, the
greatest AUC was achieved with a cut-off of 5 (AUC = 0.792). This
value was comparable to previous literature [20,21] and superior to
other studies [16,22]. The value obtained suggests that this
screening tool had good accuracy in identifying mild cases of OSA
(AHI >5).

In exploratory analyses, we assessed whether the area under
the curves for the STOP-BAG and STOP-BAG-O differed for various
sub-groups. Using the primary definition of an AHI >10 for a
diagnosis of OSA, the models were compared to see if results
differed whether: (i) PSG/HSAT was administered early versus late
after stroke/TIA (ie less than versus greater than three-months
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Fig. 1. Receiver operating characteristic curve for STOP-BAG-O and STOP-BAG at various AHI cut-off values. A) AHI > 5 B) AHI > 10 C) AHI > 15 D) AHI > 30.

post-stroke/TIA); (ii) there was a difference between modality
used to diagnose OSA (ie, PSG versus HSAT); and (iii) patients
presented with stroke or TIA. We found no significant differences
in these analyses.

Table 6
Logistic regression analysis for independent predictors of OSA (AHI > 10).
OR 95% CI p-value

Snoring 2.06 0.83-3.29 0.151
Tired 0.01 0.53-2.01 0.932
Observed apnea 0.60 0.61-0.12 0.437
Hypertension 1.87 0.82—-3.15 0.171
BMI 4.42 1.09-11.80 0.035"
Age 6.29 1.32-9.68 0.012"
Gender (Male) 8.98 1.44-5.77 0.003"
Oxygen Desaturation 31.56 6.61-50.09 <0.001"

Abbreviations: BMI = body mass index; CI = confidence interval; OR = odds ratio.
“Indicates P < 0.05.

The present study has several limitations. First, although the
HSAT (ApneaLink) used by some participants of this study has been
shown to be highly sensitive (97%) and specific (100%) [32]
compared to PSG, PSG remains the gold standard. Moreover, our
results did not significantly differ whether HSAT or PSG was used.
Second, patients with significant physical impairment and/or
aphasia were excluded from this study (as they were unable to
complete the STOP-BAG questionnaire, PSG and/or HSAT), therefore
our results may not be applicable to patients with more severe
strokes. Third, all our patients were recruited from a single centre
and all participants were part of clinical trials, which may also limit
generalizability. Fourth, by excluding neck circumference the per-
formance of the STOP-BAG questionnaire may have decreased, in
comparison to the STOP-BANG. However, neck circumference is not
routinely measured in stroke clinics, and excluding this variable
may therefore make our approach more feasible for broad appli-
cation; also, prior work in the stroke population has demonstrated
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that the addition of neck circumference to the STOP-BANG did not
significantly improve model accuracy [20]. Additionally, the pre-
dictor oxygen desaturation is a component of the outcome as it is
used in the definition of a hypopnea, and was derived from the
PSG/HSAT devices used to diagnose OSA. Therefore, it may have
artificially raised model performance. Finally, the oxygen desatu-
ration parameter used in this study was derived from PSG or HSAT,
and not from overnight pulse oximetry. However, overnight pulse
oximetry is simple to obtain, and the purpose of our study was to
demonstrate that the addition of nocturnal oxygen desaturation to
the STOP-BAG score would enhance the ability of this screening tool
to predict a diagnosis of OSA.

In conclusion, we report on the largest cohort to-date that has
assessed the STOP-BAG questionnaire in stroke and TIA patients.
We demonstrate that the STOP-BAG-O questionnaire is a valid and
statistically superior tool compared to the STOP-BAG questionnaire
for identifying those at low- or high-risk for post-stroke/TIA OSA.
The simplicity and brevity of this screening tool makes it a feasible
option for clinic or hospital use.
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