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Background: Diagnosis of sleep-disordered breathing (SDB) requires overnight polysomnography (PSG).
Because of the cost and low availability of these procedures, the NoSAS score was developed to identify
subjects at high risk of SDB. To evaluate the clinical udility of the NoSAS score for screening patients with
SDB in China and to compare the predictive value of the NoSAS score with the Epworth Sleepiness Scale
(ESS), we used the STOP-Bang questionnaire and the Berlin questionnaire.

Methods: In our study, we retrospectively reviewed the existing clinical data of patients who underwent
an overnight PSG for suspected SDB from June 2014 to September 2017 at the sleep medical center of
Guangdong Medical University Affiliated Second Hospital. The information we collected included all
parts of the NoSAS score, the ESS, the STOP-Bang questionnaire and the Berlin questionnaire. Based on
the severity of SDB determined by the apnea-hypopnea index (AHI), the patients were classified into four
groups of primary snoring (<5 events/h), mild SBD (AHI >5 and <15 events/h), moderate SBD (AHI >15
and <30 events/h) and severe SBD (>30 events/h). We calculated the sensitivity, specificity, positive predictive
value, negative predictive value and area under the receiver operating characteristic curve of the five
questionnaires to compare their relative efficacy for screening SDB.

Results: A total of 479 consecutive patients (374 males and 105 females) ranging in age from 18 to 80 years
old (mean = SD, 48.9x14.4 years old) were recruited into this study. When using the standard of AHI >5
for diagnosing SDB, the NoSAS score had the largest area under the curve (AUC) (AUC =0.734), and the
Berlin questionnaire (AUC =0.732) came second. Both exhibited a better predictive value than the ESS score
and the STOP-Bang questionnaire. Using NoSAS >8 to predict AHI >5 events/h, AHI >15 events/h and
AHI >30 events/h, the sensitivity and specificity were 0.590 and 0.707, 0.649 and 0.626, and 0.644 and 0.562,
respectively; for the STOP-Bang questionnaire, the values were 0.721 and 0.512, 0.752 and 0.440, and 0.763
and 0.399, respectively; and for the Berlin questionnaire, the values were 0.721 and 0.512, 0.752 and 0.440,
and 0.763 and 0.399, respectively.

Conclusions: The NoSAS score and the Berlin questionnaire both exhibited good predictive value for
SDB patients. NoSAS is a more suitable questionnaire to use in clinic for the conveniences but the similar

performance with another questionnaire.
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Introduction

Sleep-disordered breathing (SDB) is a systemic disease with
many causes. SDB is characterized by repeated disruptions
of breathing during sleep, which can cause intermittent
hypoxia, hypercapnia, and sleep fragmentation and thus has
many potential consequences, including cardiopulmonary
and cerebrovascular diseases and metabolic effects (1). It
has been suggested that 2% of women and 4% of adult men
have SDB (2), but in recent years, the prevalence rates of
overweight and obesity experienced epidemic trajectories in
the United States (3-5), which is likely to have resulted in
increased occurrence of obesity-related outcomes, including
SDB. Some studies have found that the incidence of SDB is
far greater than that. Peppard et 4/. found that approximately
34% of men and 17% of women are, to different extents,
affected by SDB (6). Currently, polysomnography (PSG)
is the gold standard for diagnosing SDB, but it is limited
in wide application, especially in primary hospitals
with limited economic conditions, because it is time-
consuming, complex, expensive and requires professional
sleep monitoring sites and professional and technical
personnel. Therefore, it is necessary to apply a simple and
effective screening tool for patients at high risk for SDB.
Currently, the scales used for screening SDB are the Berlin
questionnaire (7), the STOP-Bang questionnaire (8),
and the Epworth Sleepiness Scale (9), which can
subjectively evaluate the severity of daytime sleepiness in
SDB patients (10). The NoSAS score is a new screening
tool first used by Marti-Soler et 4/. in a study to screen for
SDB in a cohort study of 2,121 subjects based on the Swiss
population. The tool was proven effective by a cohort study
in Brazil (EPISONO) that included 1,042 subjects. The two
cohorts of this study proved that the NoSAS score can be
used as a simple and effective screening tool for screening
patients suspected of sleep apnea (11), but the research
was based on a population-based sample without relevant
clinical research. Prof. Guichard ez . (12), Tan et al. (13)
and Qing et al. (14) found that NoSAS has good application
value both in the research based on the population-based
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sample and hospital-based sample. The NoSAS score,
which ranges from 0 to 17, includes 5 questions, allocating
4 points for having a neck circumference of more than
40 cm, 3 points for having a body mass index (BMI) of
25 kg/m’ to less than 30 kg/m’ or 5 points for having a
body mass index of 30 kg/m’ or more, 2 points for snoring,
4 points for being older than 55 years of age, and 2 points
for being male. The NoSAS score identifies individuals
at risk of clinically significant SDB using a threshold of
8 points. The ESS score, which includes 8 questions,
asks respondents to rate their sleepiness in eight daily
situations from 0 to 3, resulting in a total score of 0 (no
daytime sleepiness) to 24 (the most excessive daytime
sleepiness), with a threshold of 9 or more for daytime
sleepiness. The STOP-Bang questionnaire, based on the
STOP questionnaire, has four additional indexes called
“Bang”: B (BMI >35 kg/m’), A (>50 years old), N (neck
circumference >40 cm), G (male). It adds 1 point when the
answer is “yes” and 0 points when “no”. The STOP-Bang
questionnaire indicates that the patients are at high risk for
obstructive sleep apnea (OSA) when the total points are
greater than 3. The Berlin questionnaire has been widely
used as an SDB screening tool worldwide, and it includes
11 questions on three topics: (I) the severity of snoring;
(I) daytime sleepiness; and (III) high blood pressure or
obesity. The assessment of each topic is negative or positive.
If the assessment of 2 or more topics is positive, then the
patient is considered to have a high risk for SDB (high-
risk group). Our study retrospectively analyzed the existing
data of patients suspected of SDB in the Second Affiliated
Hospital of Guangdong Medical University, comparing the
effectiveness of the NoSAS score, the ESS, the STOP-Bang
questionnaire, and the Berlin questionnaire in screening for
SDB to evaluate the application value of NoSAS scores in
patients with SDB.

Methods

This study was a retrospective analysis of patients who had
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already had a PSG examination between October 2012
and October 2017 at the Second Hospital Sleep Medicine
Center Affiliated with the Guangdong Medical University.
The inclusion criteria were age greater than 18 years old,
independent behavioral and cognitive abilities, the ability
to answer the questionnaires completely and complete
anthropometric data. Exclusion criteria included a history of
brain tumors or epilepsy, benzodiazepine use, and treatment
for SDB.

In our study, we collected basic data retrospectively from
existing data, including age, sex, occupation, education,
and measurement indicators such as height, weight, neck
circumference, and waist circumference from all the patients
with a diagnosis of sleep apnea. Data recorded during the
patients’ sleep included snoring and apnea and their severity
and duration.

PSG monitoring

We monitored the patients with Alice 5 PSG (Philips) for
at least 7 h. Alcohol, coffee, sedatives and hypnotics were
prohibited on the day of the test. The monitoring indicators
included peripheral blood oxygen saturation, electro-
oculogram, electro-encephalogram, electromyography,
electrocardiogram, snoring, nasal airflow, chest breathing,
and body position. Data were analyzed according to the
2012 American Academy of Sleep Medicine (AASM) (15)
guidelines for the scoring of sleep and associated events
by sleep professionals and technical personnel to evaluate
sleep stages and sleep-related breathing events and finally
corrected by the same doctor. Referring to the American
College of Physicians (ACP) guidelines for the diagnosis
and treatment of obstructive sleep apnea syndrome (16),
the patients were defined as having SDB when the apnea-
hypopnea index (AHI) was not fewer than 5 events/h. The
patients were classified into four groups based on the AHI:
the pure snoring group (AHI< 5 events/h), the mild SDB
group (AHI >5 and <15 events/h), the moderate SDB group
(AHI >15 and <30 events/h), and the severe SDB group
(AHI >30 events/h).

Statistical analysis

Statistical analyses were performed using the SPSS v16.0.
The normally distributed data are presented as the mean
+ SD, and mean values were compared by single factor
variance analysis. The comparison between the two
groups was analyzed by post hoc analysis. The count data
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are expressed as rates. The y’ test was used to compare
categorical variables. Tests were considered significant at
P<0.05. Receiver operating characteristic (ROC) curve
was used to analyze the diagnostic performance of the four
scales.

Results

A total of 479 consecutive patients (374 males and
105 females) ranging in age from 18 to 80 years old
(mean = SD, 48.9x14.4 years old; Table 1) were recruited
into this study (Figure I). The baseline characteristics
of the 479 patients suspected of having SDB who were
enrolled in our study, including 374 male cases (78.1%),
are presented in 7able 1. The mean age of the subjects was
48.9+14.4 years old, the mean BMI was 25.9£4.3 kg/rnz,
and the mean neck and waistline circumferences were
36.9+4.1 and 91.8+11.5 cm, respectively. The mean ESS,
NoSAS, Berlin, and STOP-Bang scores were 7.8+5.4,
7.9+3.7, 1.5£0.9, and 3.2+1.3 points, respectively. The
prevalence rates of the pure snoring group, mild SDB
group, moderate SDB group and severe SDB group were
164 cases (34.2%), 113 cases (23.6%), 84 cases (17.5%), and
118 cases (24.6%), respectively. There were no statistically
significant differences in age (P=0.089) among the groups,
whereas the differences among BMI, neck circumference,
waist circumference, ESS score, NoSAS score, STOP-Bang
score and Berlin score were statistically significant (P<0.001)
among the groups. The differences in the NoSAS score
between the pure snoring group and mild, moderate, and
severe SDB groups exhibited statistical significance (P<0.05);
the differences between the mild SDB and moderate or
severe SDB groups were statistically significant, whereas
the difference between the medium and heavy SDB groups
exhibited no statistical significance.

The effectiveness of screening with each scale was
determined. Using AHI cutoffs of 5, 10, 15, 20, 25 and
30 events/h to compare the area under the curve (AUC)
among the NoSAS score, the ESS score, the STOP-Bang
score, and the Berlin score, we found (7#ble 2) that the
AUC for the NoSAS score was highest when using the
AHI cutoffs of 5, 10, 15 and 25 events/h. Meanwhile, the
AUC for the ESS score was the lowest. Additionally, the
predictive value of the NoSAS score (AUC =0.734) was
better than that of the ESS score (AUC =0.615), the STOP-
Bang score (AUC =0.702) or the Berlin score (AUC =0.732,
Figure 2) when using AHI>S events/h.

Using the cutoff point of AHI >5 events/h (Tuble 3),
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Table 1 Baseline characteristics of the study subjects

Index Total AHI <5 5< AHI <15 15< AHI <30 AHI >30 P
Number (%) 479 164 (34.2) 113 (23.6) 84 (17.5) 118 (24.6) -

Male, n (%) 374 (78.1) 112 (30.0) 88 (23.5)° 67 (17.9)™ 107 (28.6)™ <0.001
Age (years) 48.9+14.4 48.6+16.1 50.2+12.4 51.1+13.9 46.4+13.7 0.089
BMI (kg/m?) 25.9+4.3 24.0+4.0 25.6+4.0° 26.8+3.4° 28.1+3.2% <0.001
Height (cm) 165.6+7.9 163.8+8.1 165.0+8.0 166.2+8.5 168.3+6.2° <0.001
Weight (kg) 71.2+14.1 61.6+13.1 70.0+13.0° 74.0+11.8° 79.7£12.9%° <0.001
AHI (time/h) 20.3+23.1 1.8+1.5 9.1x2.7° 21.4+3.9® 55.9+16.7°° <0.001
SBP (mmHg) 128.5+16.3 126.4+17.9 126.7+16.0 131.2417.2 131.0+13.0 0.027
DBP (mmHg) 76.4212.1 74.0£12.5 74.5£11.3 78.2+12.6 80.1£11.0° <0.001
HR (beats/min) 81.0£13.2 80.2+14.0 80.7+12.8 80.3+14.6 82.6+11.4 0.457
NC (cm) 36.9+4.1 35.0+3.8 36.9+3.6° 37.8+4.2° 39.1+4.1% <0.001
WC (cm) 91.8+11.5 85.9+10.6 91.0+10.5° 95.8+9.9% 97.7+10.5® <0.001
ESS 7.85.4 6.4%5.0 7.3x4.9 7.5%5.1 10.4+5.8™° <0.001
NoSAS 7.9+3.7 5.9+3.4 7.7+3.3° 9.4+3.1% 9.9+3.6™ <0.001
Berlin 1.5+0.9 0.9+0.8 1.5+0.9° 1.8+0.8° 2.0+0.8%® <0.001
STOP-Bang 3.2+1.3 2.6+1.2 3.2+1.2° 3.8+1.4%® 3.8+1.3% <0.001
LNSpO, (%) 79.6+13.6 88.66.7 84.2+6.1° 76.8+9.5% 85.0+15.6™ <0.001
MNSpO, (%) 94.4+3.5 95.7+2.2 95.3+1.9 94.5+2.3° 91.5+4.7%° <0.001

Data are presented as the mean + SD or number (percentage). ?, compared with the group of AHI <5, P<0.05; ® compared with the group
of 5 < AHI <15, P<0.05; ¢, compared with the group of 15 < AHI < 30, P<0.05. BMI, body mass index; AHI, apnea-hypopnea index; SBP,
systolic pressure; DBP, diastolic blood pressure; NC, neck circumference; WC, waist circumference; LNSpO,, minimum nighttime oxygen
saturation; MNSpO,, mean nighttime oxygen saturation.

586 subjects who had a PSG examination
from October 2012 to October 2017

> 31 subjects <18 years old

\4
555 subjects

19 subjects review PSG after treatment
23 subjects with other disease

\4
513 subjects

18 subjects without questionnaires
16 subjects incompleted questionnaires

\4
479 subjects included

Figure 1 Flow diagram. PSG, polysomnography.
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Table 2 AUC (AHI >5, 10, 15, 20, 25, 30 events/h as the diagnostic criteria for SDB)

Questionnaire AHI =5 AHI =10 AHI =15 AHI =20 AHI =25 AHI >30
NoSAS 0.734 0.733 0.731 0.707 0.706 0.688
ESS 0.615 0.614 0.623 0.640 0.662 0.670
Berlin 0.732 0.722 0.710 0.709 0.702 0.694
STOP-Bang 0.702 0.688 0.686 0.683 0.674 0.649

Data are presented as values. AUC, area under the curve; AHI, apnea-hypopnea index; SDB, sleep-disordered breathing.

1.0
0.8
_2.06-
=
:’ﬁ
o
o]
@ 0.4
—— NoSAS
—ESS
0.2+ Berlin
—— STOP-Bang
Reference line
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity
Figure 2 ROC curve (AHI >5 events/h as the diagnostic criteria

for SDB). ROC, receiver operating characteristic; AHI, apnea-
hypopnea index; ESS, Epworth Sleepiness Scale.

the sensitivity of the STOP-Bang questionnaire in
predicting SDB was the best (0.721), followed by the Berlin
questionnaire and the NoSAS score (0.590). In addition,
the specificity of the Berlin questionnaire was the highest
(0.738), followed by the NoSAS score (0.707) and then the
ESS. Using the cutoff points of AHI >15 or 30 events/h
(Tubles 4,5), the results were similar.

Discussion

SDB can involve multiple systems to cause intermittent
hypoxia, which harms the human body through oxidative
stress and inflammatory reactions. Therefore, there is
an urgent need to identify a more accurate, rapid way to
screen patients for SDB. To our knowledge, there are many
kinds of predictive scales to screen for SDB, including
the Epworth scale, the Berlin questionnaire, the STOP-
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Bang questionnaire, the ASA checklist and the sleep apnea
questionnaire (17), but most of them are complex and not
completely consistent with the actual situation in China,
such as the question regarding falling asleep while waiting
for the traffic light while driving in the Berlin questionnaire
and the Epworth scale. Many Chinese patients cannot
answer the questionnaire without driving experience, leading
to the low feasibility of completion and poor accuracy in such
scales. Abrishami ez /. (18) showed that the STOP-Bang
questionnaire not only has a high prediction efficiency but
is also easy to use. However, its deficiencies include three
subjective variables, including snoring, fatigue and observed
apnea and BMI >35 kg/m”. In this study, we found that the
BMI of the severe SDB group (28.1 kg/m’) was still lower
than that of the STOP-Bang questionnaire and standard
Berlin questionnaire, which has a cutoff value of 30 kg/m’.
BMI >30 kg/m’ is an important scoring item of Berlin
questionnaire, which means patient with BMI>30 kg/m’
is more likely to be SDB. Compared with these scales, the
thresholds for BMI in the NoSAS score were modified
by adjusting the score for the different BMI values, with
25< BMI <30 kg/m’ assigned three points and >30 kg/m’
assigned five points. Therefore, it is important to have
appropriate scoring for BMI thresholds, which can influence
the accuracy of the questionnaire. Additionally, there is only
one subjective variable in the NoSAS score, snoring, which
means that the NoSAS score has the minimum number of
variables out of these five questionnaires, making it more
convenient for clinicians to use.

The NoSAS score is a new screening tool that is a more
credible scale developed by a large sample size cohort
based on a community population in a foreign study by
Marti-Soler et 4l. (11) and verified by a cohort study in a
community in Brazil. In their study, using an AHI cutoff
of >20 events/h as the standard for diagnosing SDB, the
authors found that the AUC of NoSAS was the largest and
that the cutoff point of the highest predictive value was 8.
Comparing the capability of the NoSAS, Berlin, and STOP-
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Specificity

PPV

NPV

Questionnaire Sensitivity

NoSAS 0.590 (0.536-0.645)
ESS 0.508 (0.453-0.563)
Berlin 0.590 (0.536-0.645)
STOP-Bang 0.721 (0.671-0.770)

0.707 (0.637-0.777)
0.677 (0.605-0.748)
0.738 (0.670-0.805)
0.512 (0.436-0.589)

0.795 (0.743-0.847)
0.751 (0.694-0.809)
0.812 (0.761-0.862)
0.739 (0.690-0.788)

0.473 (0.411-0.536)
0.417 (0.358-0.477)
0.484 (0.422-0.546)
0.488 (0.414-0.563)

Data are presented as values (range). AHI, apnea-hypopnea index; SDB, sleep-disordered breathing; PPV, positive predictive value; NPV,

negative predictive value.

Table 4 AHI >15 events/h as the diagnostic criteria for SDB

PPV

NPV

Questionnaire Sensitivity Specificity

NoSAS 0.649 (0.583-0.714) 0.626 (0.571-0.685)
ESS 0.559 (0.491-0.628) 0.639 (0.582-0.696)
Berlin 0.644 (0.578-0.710) 0.643 (0.586-0.699)
STOP-Bang 0.752 (0.693-0.812) 0.440 (0.382-0.499)

0.560 (0.496-0.623)
0.531 (0.463-0.598)
0.568 (0.504-0.632)
0.493 (0.439-0.551)

0.710 (0.653-0.767)
0.665 (0.463-0.598)
0.712 (0.656-0.768)
0.709 (0.641-0.777)

Data are presented as values (range). AHI, apnea-hypopnea index; SDB, sleep-disordered breathing; PPV, positive predictive value; NPV,

negative predictive value.

Table 5 AHI >30 events/h as the diagnostic criteria for SDB

PPV

NPV

Questionnaire Sensitivity Specificity

NoSAS 0.644 (0.558-0.730) 0.562 (0.511-0.614)
ESS 0.634 (0.545-0.723) 0.613 (0.563-0.663)
Berlin 0.686 (0.603-0.770) 0.590 (0.539-0.641)
STOP-Bang 0.763 (0.686-0.839) 0.399 (0.348-0.449)

0.325 (0.265-0.385)
0.333 (0.270-0.397)
0.354 (0.292-0.416)
0.293 (0.242-0.295)

0.829 (0.781-0.876)
0.846 (0.802-0.889)
0.852 (0.808-0.896)
0.837 (0.782-0.892)

Data are presented as values (range). AHI, apnea-hypopnea index; SDB, sleep-disordered breathing; PPV, positive predictive value; NPV,

negative predictive value.

Bang scores, the NoSAS score performed significantly
better than the other scores, suggesting that the NoSAS
questionnaire can be used as a simple and effective screening
tool for patients with suspected SDB. It is important to
screen for SDB in a community and to evaluate the severity
of SDB. In an Asian cohort study produced by Tan ez al. (13),
the application efficiency of the NoSAS score was also
high in screening the Asian population. There was no
difference in the specificity among these three studies, but
the sensitivity of the Tan ez 4l’s study was lower than those
in the other two cohorts. Two studies (19,20) previously
reported that Chinese subjects have high rates of SDB
despite relatively low BMIs. The authors suggested that
the pathogenesis of SDB in the Chinese population may
be related to some special factors, such as craniofacial
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restriction, neuromuscular control of the upper airway, or
arousal threshold rather than obesity. SDB subjects who fail
to be identified as high risk by the NoSAS score tend to have low
BMIs and neck circumferences. As a result, some SDB subjects
might not score 8 points on the NoSAS score if they have slim
bodies. This may have an impact on our results. Therefore,
using the cutoft point of AHI >5 events/h, the sensitivity of the
NoSAS score in predicting SDB was not the highest (0.590),
followed by the STOP-Bang questionnaire (0.721), despite
the fact that the NoSAS score has a high specificity (0.707).

We found that the morbidity of SDB in our 479 subjects
was 65.8% (315 cases). The proportion of males (262/374,
70.1%) in the SDB patients was significantly higher than
that of women (53/105, 50.5%), which is consistent with
the results of previous studies (21).
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The ideal screening scale should not only have a large
AUC (22), but also should be highly sensitive to avoid false
negative results and highly specific to avoid false positives.
We used an AHI cutoff of >5 events/h as the standard to
diagnose SDB, making the AUC of the NoSAS score the
largest (0.734), followed by the Berlin scale (0.732). All of
the scales had AUC values above 0.7, which means they
have moderate predictive values for SDB. However, the
AUC of the ESS score and the STOP-Bang score were
slightly worse (0.702 and 0.615, respectively). This is the
first time that using the ROC curve resulted in a larger
AUC, which confirms that the NoSAS score had a good
degree of differentiation for SDB patients. A previous
study found that suspected SDB patients in the Caucasus
region were ages 48 to 57 years old, and those in eastern
Asian regions were 42 to 50 years old, suggesting that the
age of SDB patients in eastern Asian regions is lower than
that of SDB patients in the Caucasus region (23). SDB
subjects who fail to be identified as low risk due to low
BMI and neck circumference are identified by the NoSAS
score. In our study, the age of the severe SDB group was
lower than the threshold of the NoSAS score (55 years old).
Compared with the Caucasian population, SDB patients in
the domestic population have lower BMIs, a higher degree
of severity, and earlier onset age.

"This study had several advantages. Our study verified the
application value of the NoSAS questionnaire in the clinical
diagnosis of SDB patients. This study had some limitations.
The patients in this study represented Chinese urban residents,
and this study was a single-center retrospective study based
on the Chinese population, which means that it was not
representative of the general global population. Furthermore,
the NoSAS score was gathered retrospectively from existing
data, which may have an impact on the performance of the
tool. Male patients made up a larger proportion of our study
population, which may affect the results.

Conclusions

The NoSAS score and the Berlin questionnaire both
exhibited good predictive value for SDB patients.
Additionally, the NoSAS score is a simple, effective and
practical SDB screening tool that can be widely used in
screening in primary hospitals.
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