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Background: Given the growing number of patients suspected of having obstructive sleep apnea-
hypopnea syndrome (OSAHS), screening methods have become increasingly important for sleep clinics. We
analyzed the clinical value of the No-apnea score which is used to diagnose OSAHS in patients with cerebral
infarction, and compared the accuracy of the No-apnea score with the accuracy of the NoSAS score, the
STOP-Bang questionnaire (SBQ), the Epworth Sleepiness Scale (ESS), the STOP questionnaire (STOP)
and the Berlin questionnaire (BQ).

Methods: Between January 2014 and December 2018, a total of 221 cerebral infarction patients, suspected
of having OSAHS, underwent the polysomnography (PSG) for one night at the sleep medical center of
Guangdong Medical University Affiliated Second Hospital. The PSG data were collected and analyzed with
the NoSAS score, the SBQ, the ESS, the STOP, the BQ, and patients’ demographic information. Based on
the apnea-hypopnea index (AHI), the patients were classified into four groups: the normal group (<5 events/h),
mild OSAHS group (5-15 events/h), moderate OSAHS group (15-30 events/h) and severe OSAHS group
(=30 events/h). The sensitivity, specificity, positive predictive value, negative predictive value and areas under
the curve (AUC) of the Receiver Operating Curve (ROC) were calculated for the five questionnaires to
compare their relative efficacies for diagnosing OSAHS.

Results: When using the standard of AHI >5 for diagnosing OSAHS, the NoSAS score had an AUC of
0.831; the SBQ had an AUC of 0.730; the BQ had an AUC of 0.698; and the STOP had an AUC of 0.735,
so these techniques are relatively accurate in diagnosing OSAHS. On the other hand, the No-apnea score
and the ESS score are relatively less accurate comparing to the rest: the No-apnea had an AUC of 0.626,
and the ESS had an AUC of 0.650. Using the NoSAS score to predict AHI >5 events/h, AHI >15 events/h
and AHI >30 events/h, the sensitivity and specificity were 0.867 and 0.731, 0.888 and 0.476, 0.889 and
0.369, respectively; Using the SBQ to predict AHI >5 events/h, AHI 15 events/h and AHI >30 events/h,
the sensitivity and specificity were 0.903 and 0.268, 0.914 and 0.200, 0.903 and 0.268, respectively; Using
the STOP to predict AHI >5 events/h, AHI >15 events/h and AHI >30 events/h, the values were 0.830 and
0.500, 0.871 and 0.390, 0.875 and 0.302, respectively; and using the BQ to predict AHI >5 events/h, AHI
>15 events/h and AHI >30 events/h, the values were 0.758 and 0.482, 0.810 and 0.429, 0.819 and 0.362,

respectively.
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Conclusions: The study concludes that the NoSAS score and the SBQ had a better predictive value
for cerebral infarction patients suspected with OSAHS disease. These questionnaires can also effectively
help clinicians quickly address nocturnal hypoxia in patients with cerebral infarction to control subsequent
complications in patients with cerebral infarction. More studies are needed to evaluate the efficacy of the
NOoSAS score in screening for OSAHS in patients with cerebral infarction.
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Introduction

Obstructive sleep apnea-hypopnea syndrome (OSAHS)
mainly causes apnea during sleep due to by various factors.
OSAHS lead to chronic intermittent anoxia, hypercapnia,
and sleep fragmentation, and ultimately culminating in
systematic disease (1), including cardiovascular diseases,
cerebrovascular diseases, pulmonary vessel diseases and
metabolic disease. Epidemiological statistics (2) showed
that approximately 2% of females and 4% of males are
diagnosed with OSAHS, and recent studies found that
OSAHS portends a high morbidity. For example, Peppard
et al. reported that OSAHS affects approximately 34% of
males and 17% females to different degrees (3). OSAHS
is a common complication in cerebral infarction patients,
and the morbidity rate of OSAHS in patients with cerebral
infarction is significantly higher than in the general
population (4). Specifically, research shows that ischemic
patients are 3 to 4 times more likely to be diagnosed
with OSAHS compared to the general population (5). In
addition, the incidence of hospitalization and the 6-month
mortality rate after stroke events were both increased among
OSAHS patients (6). After following 132 patients over a
period of 10 years, Sahlin et a/. reported that OSAHS was
an independent risk factors for death among post ccerebral
infarction patients. The OSAHS risk factor is independent
of age, gender, body mass index (BMI), smoking status,
hypertensive diseases, cerebral infarction, atrial fibrillation,
cognitive competence, etc. (7). Polysomnography (PSG)
examination, the current gold standard in the diagnosis of
OSAHS, is not in widespread use, especially in small local
hospitals, due to many limitations: PSG is time-consuming,
difficult to operate, expensive, and requires a professional
examination room and specialized technicians. As a result,
convenient yet precise diagnostic tools are needed to identify
people with suspected OSAHS. Diagnosis tools such as
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the Berlin questionnaire (BQ), STOP-Bang questionnaire
(SBQ), and STOP questionnaire (STOP) have recently
been widely applied in China for the detection of OSAHS.
In addition, the Epworth sleepiness scale (ESS), a scale that
subjectively evaluates the severity of daytime sleepiness by
patients, is regarded as another commonly used detection
tool for OSAHS in China. Ricardo recently introduced the
No-apnea mnemonic model which only has two variables,
age and neck circumference, and reported that the No-
apnea model exhibits similar prediction efficiency compared
with the NoSAS score, and may also represent a reliable
tool for identifying OSAHS (8). The NoSAS score, one of
newest screening tools, is similar to the NAMES assessment
but easier to remember (9). The NoSAS score was first
tested on 2,121 Swiss individuals (HypnoLaus) in a cohort
project by Marity-Soler ez al. at the University of Lausanne,
Switzerland, and the results were relatively accurate. The
accuracy of the NoSAS was validated by the Brazil study
group involving 1,042 subjects (EPISONO) and other
scholars (10). Both research teams proved that the NoSAS
score can be used as an efficient and effective detection tool
to evaluate the risk of patients suspected of OSAHS. Both
studies were based on the local community population,
not the clinical cerebral infarction population, and none
of correlative research specifically evaluated the predictive
value of the NoSAS score in the clinical cerebral infarction
population. However, the NoSAS includes overweight and
age among its variables, which are also common significant
factors in cerebral infarction disease. The No-apnea and
NoSAS scores may aid in the identification of OSAHS in
cerebral infarction patients. Therefore, this study reviewed
and analyzed 221 cerebral infarction patients at the Second
affiliated hospital of Guangdong Medical University by
simultaneously applying the No-apnea, NoSAS, ESS
score, STOP, SBQ), and BQ), statistically analyzed the data
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using PSG, evaluated the efficacy of the NoSAS score in
diagnosing cerebral patients, and compared the diagnostic
effectiveness of the different methods.

Methods
Subjects

Data from 221 cerebral infarction patients who were
monitored by overnight PSG at the Institute of Sleep
Disease of the Second Affiliated Hospital of the Guangdong
Medical University were retrospectively analyzed. Patient
inclusion criteria were as follows: patients who were
diagnosed with cerebral infarction, patients who were
18 years of age or older, patients who exhibit independent
behavioral and cognitive abilities, and patients who are
able to complete data about the correlative questionnaire
and anthropometric measures. Patient exclusion criteria
were as follows: patients on home oxygen therapy or
patients with a history of arterial hypertension, active/
unstable cardiovascular diseases, brain tumor, epilepsy, sleep
disorders other than OSAHS, neuromuscular disease or
other lung diseases that can affect the blood oxygenation,
patients taking benzodiazepines, patients undergoing
treatment for OSAHS, and patients with incomplete data.

Study methods

Demographic data from cerebral infarction patients
admitted for PSG were collected. Demographic data
collection included age, gender, occupation, and education.
The data collection also included anthropometric measures,
including height, weight, neck circumference, and wrist
circumference. In addition, records of the overnight sleep
status, such as the severity or time of patients’ snoring (S)
and apnea were collected. After data collection, various
questionnaires were applied and analyzed. The No-apnea
score ranges from 0 to 9 points and includes two variables:
neck circumference and age. Patients who have a neck
circumference less than 37.0 cm are given 0 points; patients
who have neck circumference between 37.0 to 39.9 cm,
1 point; patients who have neck circumference between
40.0 to 42.9 cm, 3 points; and patients who have neck
circumference greater than or equal to 43.0 cm, 6 points.
Patients less than 35 years old are scored 0 points; patients
who are between age 35 to 44 years, 1 point; patients who
are between 45 to 54 years, 2 points; patients who are
greater than or equal to 55 years, 3 points. If the patient
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scores higher than 3 points, the patient is identified as
having a high risk OSAHS. The NoSAS scores range from
0 to 17 points and include 5 factors: neck circumference
(N), BMI, snoring (S), age (A), and gender. Patients with
N greater than 40 cm score 4 points; patients with BMI
between 25 to 30 kg/m’ score 3 points; patients with BMI
greater than or equal to 30 kg/m’ score 5 points. Patients
score 2 points for snoring. Patients who are older than
55 years score 4 points. Male patients score 2 points.
Patients with more than 8 points are at higher risk of
OSAHS (11). The SBQ was established by adding the
Bang to the STOP (including 4 factors, snoring, fatigue
apnea and hypertension): B (BMI more than 35 kg/m’), A
(age more than 50 years old), N (neck circumference more
than 40 cm), and G (male). If any of the answers to the
factors above is yes, then the patient scores 1 point; if the
answer is no, then the patient scores 0 points. When the
total score is greater than 3 points, the patient is at high-
risk for OSAHS (12). The BQ (13) has been widely applied
as a diagnostic tool for OSAHS worldwide and includes
11 questions in 3 groups: severity of snoring, daytime
sleepiness and hypertension or obesity. If two groups or
more are positive, then the person is at high risk of OSAHS.
The ESS consists of 8 questions, allowing the subjects to
assess their degree of dozing in a particular scene during
the day, 0 for no dozing, and 1, 2, and 3 for light, moderate,
and severe dozing, patients with more than 8 points are
in higher risk of diagnosing OSAHS. After performing
different questionnaire, all patients underwent a standard
PSG (14), by Alice5 PSG (Philips), requires monitoring
the patients for at least 7 h. The participants were asked to
refrain from drinking alcohol, coffee, sedatives or hypnotics
on the day of the examination. The monitor index
includes blood oxygen saturation, electroencephalography
(EEQG), electromyography (EMG), electrocardiography
(ECG), snoring noise, oronasal airflow as evaluated with
a thermistor sensor, thoracoabdominal breathing, and
posture. According to the interpretation guidelines about
sleep and correlative events of 2017 edition of American
academy of sleep medicine (AASM) (15). Apnea was defined
as a decrease of at least 90% of airflow from baseline,
lasting 10 second or longer. Hypopnea was defined as a
decrease of at least 30% of airflow from baseline, lasting
10 seconds and associated with either an arousal or a >3%
O, saturation decrease. The data were interpreted by
the professional sleep technicians to determine the sleep
stages and the sleep breathing events, then rectified by the
same doctor at the end. Both the diagnosis and severity
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Table 1 The general data of 221 cerebral infraction patients
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Index ALL (N=221) AHI <5 (N=56) 5< AHI <15 (N=49) 15 < AHI <30 (N=43) AHI =30 (N=73) P
Male (%) 176 (79.6) 36 (64.3) 38 (77.6) 33 (76.7) 69 (94.5)

Age (years old) 54.0 (12.7) 53.8 (13.8) 54.7 (13.1) 56.3 (9.1) 52.4 (13.4) 0.293
BMI (kg/m?) 27.2 (4.2) 26.6 (4.5) 26.3 (3.6) 27.4 (4.1) 28.0 4.2) 0.573
AHI (events/h) 25.5(24.9) 1.9 (1.5) 9.5 (2.7) 22.2 (4.3) 56.2 (17.5) <0.001
SP (mmHg) 132.9 (17.9) 132.0 (19.6) 128.5 (15.1) 135.3 (17.9) 134.9 (18.1) 0.256
DP (mmHg) 77.8 (11.5) 75.9 (10.9) 74.3 (10.4) 79.9 (13.3) 80.2 (11.3) 0.185
HR (events/min) 80.5 (11.1) 81.6 (10.2) 79.6 (9.2) 78.1 (10.7) 81.6 (12.8) 0.162
NC (cm) 39.0 (3.8) 37.7 (3.9) 38.4 (3.8) 38.8 (3.1) 40.4 (3.8) 0.534
WC (cm) 98.8 (11.7) 95.5 (13.7) 95.4 (9.8) 98.6 (10.9) 103.6 (10.1) 0.244
NoSAS (points) 9.5 (3.6) 6.4 (3.1) 9.6 (3.1) 10.5 (3.0) 11.33.2) 0.013
No-apnea (points) 4.3 (2.1) 3.6 (2.0) 4.0 (2.1) 4.5 (2.0 5.0 (2.0 0.043
ESS (points) 8.6 (5.6) 6.4 (5.2) 7.1 (5.3) 8.9 (5.1) 11.1 (5.4) 0.592
STOP (points) 22(1.1) 1.5(0.9) 2.1(0.9) 24(1.1) 26(1.0 0.397
Berlin (points) 1.9(0.9) 1.4(0.9) 1.7 (0.9) 2.1(0.7) 2.3(0.8) 0.778
STOP-Bang (points) 4.1 (1.4) 3.3(1.3) 3.8(1.2) 4.3 (1.4) 4.9(1.3) 0.994
Min-NOX (%) 77.2 (13.1) 87.8 (4.8) 82.1(7.1) 77.0 (9.3) 66.1 (13.9) 0.095
Mean-NOX (%) 94.1 (3.6) 92.4 (5.1) 93.6 (3.5) 94.8 (2.7) 95.3(1.9) 0.697

BMI, body mass index; AHI, apnea hypopnea index; SP, systolic pressure; DP, diastolic pressure; HR, heart rate; NC, neck circumference;
WC, wrist circumference; ESS, Epworth Sleepiness Scale; Min-NOX, minimum nocturnal oxygen saturation; Mean-NOX, mean nocturnal

oxygen saturation; P, P value.

of OSAHS were classified based upon the AHI: >5-15/h
mild, >15-30/h moderate, and >30/h severe (15), OSAHS
was diagnosed when the apnea-hypopnea index (AHI) was
greater than or equal to 5 times/h. In addition, the grade
of illness was used to classified the patients into a snore
group (AHI <5 times/h), the mild OSAHS group (AHI 5
to 15 times/h), the moderate OSAHS group (AHI 15 to
30 times/h) and the severe OSAHS group (AHI
>30 times/h). Additional diagnoses obtained throughout the
sleep study were defined accordingly to the International
Classification of Sleep disorders-third edition (16). The
study was approved by the Institutional Review Board
(IRB number: 2018091) and written informed consent was
obtained from all patients.

Statistical analysis

All data were analyzed by SPSS 16.0 statistical software.
The data for normally distributed data were calculated as
the mean + standard deviation, and one-way ANOVA was
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used for mean value comparison. A post hoc analysis was
used to compare the two groups. Count data were expressed
as rate, and the x° test was used for comparisons between
groups. P<0.05 was defined as statistically significant.
The sensitivity, specificity, positive predictive value and
negative predictive value of each scale were calculated in
a four-grid table. The diagnostic efficacy of each scale to
diagnose OSAHS was analyzed and evaluated by operating
characteristic curves.

Results

Finally, we collected 221 patients with cerebral infarction
and 51 were excluded according to the exclusion criteria.
Tt had 71.1%, 85.5%, 79.8%, 69.7%, 74.7% and 86.0%
of individuals classified as high-risk for NoSAS, No-
apnea, ESS, Berlin, STOP and STOP-Bang, respectively.
General data (Table 1): among 221 cerebral infarction
patients with suspected OSAHS, 176 (79.6%) were male.
The mean patient age was 54.0£12.7 years old; the mean
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Figure 1 ROC curve of the six screening tools at AHI cutoff
of >5 events/h. ROC, receiver operating curve; AHI, apnea-
hypopnea index; ESS, Epworth Sleepiness Scale; STOP, STOP

questionnaire.
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Figure 2 ROC curve of the six screening tools at AHI cutoff
of 215 events/h. ROC, receiver operating curve; AHI, apnea-
hypopnea index; ESS, Epworth Sleepiness Scale; STOP, STOP

questionnaire.

BMI was 27.2:4.2 kg/m’; the mean neck circumference was
39.0+3.8 cm; and the mean waist circumference was

98.8+11.7 cm. The mean scores of the NoSAS, SBQ, ESS,
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Figure 3 ROC curve of the five screening tools at AHI cutoff
of > 30 events/h. ROC, receiver operating curve; AHI, apnea-
hypopnea index; ESS, Epworth Sleepiness Scale; STOP, STOP

questionnaire.

STOP, and Berlin tests were 9.5+3.6, 4.1+1.4, 8.6+5.6,
2.2+1.1, and 1.9£0.9, respectively. There were 56 (25.3%)
cases in the pure snoring group, 49 (22.2%) cases in the
mild OSAHS group, 43 (19.5%) cased in the moderate
OSAHS group, and 73 (33.0%) cases in the severe OSAHS
group. There were statistically significant differences
(P<0.001) in the NoSAS scores between the four groups,
but there were not statistically significant differences (all
P>0.05) in the ESS scores, STOP, STOP-Bang and BQs
among the groups. However, we identified an increasing
trend in the scores of those questionnaires when the AHI
was increased.

The screening effectiveness of each scale (Figures 1-3):
With the cutoff value of AHI 5, 15 and 30 times/hour, the
research team compared the area under the curve (AUC)
and generated ROC curves for the four scales, including
the No-apnea, NoSAS score, SBQ, ESS score, STOP and
BQ. The results revealed that the NoSAS had the largest
AUC at the cutoff point of AHI >5, 15/h. At the cutoff
point of AHI >5/h, the AUCs of NoSAS obtained was
better than others (P<0.05). At the cutoff point of AHI >15,
30/h, the differences of the AUCs found between the
various instruments had no significance (P>0.05). STOP-
Bang had the largest AUC at the cutoff point of AHI >30.

The sensitivity and specificity of the NoSAS scores
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Table 2 With cut-off point of AHI of 5 as the diagnose of OSAHS disease

Specificity (95% Cl)

PPV (95% Cl)

NPV (95% Cl)

Questionnaire AUC (95% Cl) Sensitivity (95% ClI)
NoSAS 0.831 (0.768-0.894) 0.867 (0.815-0.919)
No-apnea 0.626 (0.539-0.714) 0.897 (0.851-0.943)
ESS 0.650 (0.568-0.775) 0.552 (0.476-0.627)
Berlin 0.698 (0.620-0.808) 0.758 (0.692-0.823)
STOP 0.735 (0.662-0.808) 0.830 (0.773-0.888)
STOP-Bang 0.730 (0.652-0.807) 0.903 (0.858-0.948)

0.732 (0.537-0.785)
0.268 (0.152-0.384)
0.661 (0.351-0.613)
0.482 (0.369-0.631)
0.500 (0.369-0.631)
0.268 (0.152-0.384)

0.905 (0.859-0.951)
0.783 (0.724-0.842)
0.827 (0.759-0.898)
0.812 (0.750-0.873)
0.830 (0.773-0.888)
0.784 (0.726-0.842)

0.651 (0.833-0.769)
0.469 (0.296-0.642)
0.333 (0.246-0.421)
0.403 (0.286-0.520)
0.500 (0.369-0.631)
0.484 (0.308-0.660)

AHI, apnea hypopnea index; OSAHS, obstructive sleep apnea-hypopnea syndrome; AUC, the area under the ROC curve; Cl, confident
interval; PPV, positive predictive value; NPV, negative predictive value; ESS, Epworth Sleepiness Scale; STOP, STOP questionnaire.

Table 3 With cut-off point of AHI of 15 as the diagnose of OSAHS disease

Specificity (95% CI)

PPV (95% Cl)

NPV (95% Cl)

Questionnaire AUC (95% Cl) Sensitivity (95% CI)
NoSAS 0.746 (0.681-0.811) 0.888 (0.831-0.945)
No-apnea 0.633 (0.560-0.706) 0.930 (0.872-0.989)
ESS 0.685 (0.614-0.755) 0.629 (0.541-0.717)
Berlin 0.709 (0.654-0.776) 0.810 (0.739-0.882)
STOP 0.707 (0.639-0.775) 0.871 (0.739-0.882)
STOP-Bang 0.726 (0.659-0.793) 0.914 (0.862-0.965)

0.476 (0.381-0.571)
0.238 (0.157-0.320)
0.648 (0.556-0.738)
0.429 (0.334-0.523)
0.390 (0.297-0.484)
0.200 (0.123-0.277)

0.652 (0.558-0.726)
0.354 (0.286-0.423)
0.664 (0.575-0.752)
0.610 (0.533-0687)
0.612 (0.538-0.686)
0.558 (0.487-0.629)

0.794 (0.694-0.894)
0.844 (0.718-0.970)
0.613 (0.522-0.703)
0.672 (0.559-0.784)
0.732 (0.616-0.848)
0.677 (0.513-0.842)

AHI, apnea hypopnea index; OSAHS, obstructive sleep apnea-hypopnea syndrome; AUC, the area under the ROC curve; Cl, confident

interval; PPV, positive predictive value; NPV, negative predictive value; ESS, Epworth Sleepiness Scale; STOP, STOP questionnaire.

were 0.867 and 0.731, 0.888 and 0.476, 0.889 and 0.369
for AHI >5 times/h, AHI >15 times/h, and AHI >30 times/
h, respectively; the sensitivity and specificity of the No-
apnea scores were 0.897 and 0.268, 0.931 and 0.238, 0.940
and 0.181, for AHI >5 times/h, AHI >15 times/h, and AHI
>30 times/h, respectively; the sensitivity and specificity
of the SBQ were 0.903 and 0.268, 0.914 and 0.200, 0.903
and 0.268, for AHI >5 times/h, AHI >15 times/h, and AHI
>30 times/h, respectively; the sensitivity and specificity of
the STOP were 0.830 and 0.500, 0.871 and 0.390, 0.875
and 0.302, respectively; and the sensitivity and specificity of
the BQs were 0.758 and 0.482, 0.810 and 0.429, 0.819 and
0.362, respectively (Tables 2-4).

Discussion

OSAHS is a systemic disease that involves many systems
of the human body. OSAHS causes intermittent hypoxia,
oxidative stress, and inflammation, and can have make
significant negative impacts on the human body. OSAHS
is a risk factor for cerebral infarction, and treatment of
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OSAHS may reduce new first-time cerebrovascular events
and recurrences (17). PSG examination, the current
gold standard in the diagnosis of OSAHS, is not used
widely, especially in small local hospitals, due to its many
limitations; PSG is time-consuming, difficult to operate,
expensive, and requires a professional examination room
and specialized technicians. Therefore, some accessible and
accurate methods are urgently needed to diagnose patients
suspected of having OSAHS, especially among cerebral
infarction patients, because OSAHS can significantly
affect the development and complications of the disease.
Currently, there are a variety of predictive scales for
OSAHS diagnosis, including the Epworth scale, BQ, SBQ,
ASA checklist, and sleep apnea questionnaire (18). The
SBQ’s name abbreviates the content of the questionnaire
which allows medical workers to memorize the name easily.
The questionnaire can not only predict the risk of patients’
with OSAHS disease but also determine the severity of the
disease. At the same time, the questionnaire has gradually
been recognized and promoted due to its accessibility and
simple question content, which is accepted easily by the
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Table 4 With cut-off point of AHI of 30 as the diagnose of OSAHS disease
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Specificity (95% ClI)

PPV (95% Cl)

NPV (95% Cl)

Questionnaire AUC (95% Cl) Sensitivity (95% ClI)
NoSAS 0.705 (0.637-0.776) 0.889 (0.816-0.961)
No-apnea 0.634 (0.558-0.710) 0.940 (0.896-0.983)
ESS 0.693 (0.619-0.767) 0.708 (0.603-0.813)
Berlin 0.688 (0.613-0.764) 0.819 (0.731-0.908)
STOP 0.677 (0.602-0.752) 0.875 (0.799-0.951)
STOP-Bang 0.714 (0.642-0.785) 0.931 (0.872-0.989)

0.369 (0.292-0.447)
0.181 (0.119-0.243)
0.604 (0.526-0.683)
0.362 (0.285-0.440)
0.302 (0.228-0.376)
0.175 (0.114-0.235)

0.405 (0.329-0.482)
0.577 (0.506-0.647)
0.464 (0.370-0.557)
0.383 (0.306-0.460)
0.377 (0.304-0.451)
0.353 (0.285-0.421)

0.873 (0.791-0.955)
0.781 (0.638-0.924)
0.811 (0.738-0.884)
0.806 (0.711-0.901)
0.833 (0.734-0.932)
0.839 (0.709-0.968)

AHI, apnea hypopnea index; OSAHS, obstructive sleep apnea-hypopnea syndrome; AUC, the area under the ROC curve; Cl, confident
interval; PPV, positive predictive value; NPV, negative predictive value; ESS, Epworth Sleepiness Scale; STOP, STOP questionnaire.

patients. Abrishami (19) demonstrated that SBQ had great
predictive efficiency and was easy to use. However, the
study was performed in the general population without
cerebral infarction; therefore, the SBQ content exhibits
low sensitivity for diagnosing cerebral infarction. On the
other hand, common characteristics among patients with
cerebral infarction or OSAHS, including obesity and large
neck circumference, are included in both the NoSAS score
and the SBQ. In this study, the research team determined
that although the SBQ questionnaire exhibits higher
methodology validity and is easier to apply, the average BMI
values in all SDB groups were lower than the value limit
of the SBQ, which was 35 kg/m’. Due to the adjustment
of BMI in the NoSAS score system, this study determined
that the NoSAS exhibits better diagnostic value for OSAHS
in cerebral patients. Unlike the NoSAS, the No-apnea
score emphasizes the neck circumference and the age of the
patients. Associating different scores with different ranges
of neck circumference and age has some scientific value, but
directly assigning 3 points to patients older than 55 years
old, thereby automatically including them in the high-risk
OSAHS group, reduces the efficiency. As a result, this study
demonstrates that the AUC of the No-apnea is less than 0.7,
which is not as efficient as the NoSAS.

This study determined that 165 of 221 (74.7%) cerebral
infarction patients were diagnosed with OSAHS disease
which indicates that OSAHS is commonly diagnosed in
cerebral infarction patients. However, this result might
include some selection bias only cerebral infarction patients
suspected of having OSAHS disease were recruited for
PSG. This study also determined that the proportion of the
male OSAHS patients (140/176, 79.5%) was much higher
than the proportion of female patients (25/45, 55.6%),
and this result is consistent with the results reported in the
literature (20). The ideal screening scale should have both

© Journal of Thoracic Disease. All rights reserved.

a large AUC (21) and high sensitivity to avoid false negative
results. In this study, AHI >5 was used as the diagnostic
criterion for OSAHS. The AUC of the NoSAS score was
0.831 which exceeds 0.7, and indicates that the NoSAS
possesses good predictive value. In addition, the AUC values
of the STOP, No-apnea score and SBQ were 0.735, 0.730
and 0.730, respectively, which were also above 0.7; thus,
these methods also have good predictive values. On the
other hand, the AUC values of the BQ and ESS score were
0.698 and 0.650, respectively which means that they have
slightly lower predictive values compared with the methods
mentioned before. In addition, this study confirmed that
the NoSAS score exhibits good discrimination value for
identifying OSAHS patients by using the ROC curve to
calculate the AUC. The sensitivities of all questionnaires
were compared. When taking the cut-off of 5 times/h as
the OSAHS diagnostic standard, the NoSAS score, No-
apnea score, SBQ, STOP and BQ exhibited sensitivities
of 0.867, 0.903, 0.903, 0.830 and 0.758, respectively.
When taking AHI >15 times/h as the OSAHS diagnostic
standard, the sensitivities of the No-apnea score, NoSAS
score, SBQs, STOPs and BQs were 0.930, 0.888, 0.914,
0.871 and 0.810, respectively. Using the cut-oft of 30 as the
OSAHS diagnostic standard, the sensitivities of the No-
apnea score, NoSAS score, SBQs, STOPs and BQs were
0.940, 0.889, 0.931, 0.875 and 0.819, respectively. When
it came to the cutoff point of AHI of 5,15 times/h, the
sensitivity of the No-apnea score was the highest among
all diagnostic questionnaires, followed by the SBQ whose
specificity was lower than the NoSAS. The study by Chung
et al used the SBQ to predict the degree of obesity, and the
SBQ’s sensitivity to diagnose OSAHS disease was 90.5%
with a specificity of 28.1%. However, in this study, when
comparing the different cutoff points of AHI of 5, 15 and
30, the sensitivity of the SBQ was higher but the specificity
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was lower. Furthermore, this study demonstrates that the
SBQ exhibits high accuracy due to the relatively large AUC.
Although NoSAS exhibits slightly lower sensitivity, its
specificity is significantly higher. Thus, the NoSAS exhibits
higher adaptability among the Chinese cerebral infarction
population compared with other questionnaires, likes other
studies (22-24), so it deserved to be applied widely among
cerebral infarction patients who are suspected of having
OSAHS. The subsequent treatment of OSAHS can then be
applied to reduce new first-time cerebrovascular events and
recurrences.

The advantage of this study is that it represents one
of the latest studies in the clinical study to analyze the
applied value of the No-apnea score, NoSAS score and
other four questionnaires in diagnosing cerebral infarction
patients with the suspected of OSAHS. Also, No-apnea,
NoSAS score and SBQ were targeted towards the main
characteristics, obesity and large neck circumference, in
cerebra infarction patients. The subjects in our study were
local urban local residents which suggests the sample has
the great representative characteristic.

Limitations

This study is a retrospective single-center study with a
relatively small sample consisted mainly of obese men with
an average age of over 50 years, it may have conditioned
our results .More studies are needed to evaluate the efficacy
of this score in younger populations, with a predominance
of female and non-obese individuals with the cerebral
infarction.

Conclusions

The study concludes that the NoSAS score and the SBQ
had a better predictive value for cerebral infarction patients
suspected with OSAHS disease. These questionnaires can
also effectively help clinicians quickly address nocturnal
hypoxia in patients with cerebral infarction to control
subsequent complications in patients with cerebral
infarction. More studies are needed to evaluate the efficacy
of the NoSAS score in screening for OSAHS in patients
with cerebral infarction.
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