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Study Objectives: This study was conducted to validate the NoSAS score in clinical populations and to compare it with the Berlin, STOP, and STOP-Bang
questionnaires, as well as the Epworth Sleepiness Scale (ESS), in screening for sleep-disordered breathing (SDB).

Methods: A retrospective analysis was conducted of all patients aged 18 to 80 years who had completed a full-night polysomnography (PSG) at the sleep
center of the First Affiliated Hospital of Guangzhou Medical University from October 2012 to November 2016. Patients who had incomplete or unanswered
questionnaires were excluded. The data for the NoSAS score, ESS, STOP, STOP-Bang, and Berlin questionnaires were collected, after which the NoSAS

score was compared against the other questionnaires for SDB screening.

Results: A total of 2,208 participants were enrolled in this study. The NoSAS scores, which ranged from 0 to 17 and allocated a threshold of 8 points,
identified individuals at risk of clinically significant SDB (defined as an apnea-hypopnea index [AHI] cutoff of = 20 events/h), with an area under the curve
(AUC) of 0.707. The NoSAS score performed significantly better than the STOP (AUC 0.655) and STOP-Bang (AUC 0.704) questionnaires and the ESS
(AUC 0.642), and it was at par with the Berlin (AUC 0.697) scores for SDB screening. A significant correlation was found between the AHI and NoSAS score

(r=.386, P <.001).

Conclusions: The NoSAS score is a simple, efficient, and easy method for screening SDB in the clinical setting, especially in moderate to severe SDB.

It demonstrates a moderately high level of sensitivity for SDB.
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BRIEF SUMMARY

SDB, making it appropriate for widespread use.

Current Knowledge/Study Rationale: The NoSAS score has been shown to be a reliable screening score for sleep-disordered breathing (SDB) in
two population-based cohorts in Switzerland and Brazil. In this study, we aimed to validate the value of NoSAS scores in clinical populations and to
compare it with the STOP-Bang, STOP, and Berlin questionnaires, as well as the Epworth Sleepiness Scale for SDB screening.

Study Impact: The NoSAS score is a simple, efficient, and easy method for screening SDB in the clinical setting, especially in moderate to severe

INTRODUCTION

Sleep-disordered breathing (SDB) is a highly prevalent disease
that is characterized by excessive daytime sleepiness and re-
peated episodes of upper airway occlusion during sleep. It is a
disorder that affects at least 2% of adult women and 4% of adult
men worldwide.! SDB has been identified as having a causal
association with cardiovascular diseases, including coronary
artery disease, hypertension, diabetes,” metabolic syndrome,’
and cerebrovascular accidents.* The gold standard of diagnos-
ing SDB is a full-night polysomnography (PSG), either in a
sleep laboratory or at home. Considering it is time consum-
ing and expensive, this investigation is not recommended to be
a routine screening method. It has been estimated that in ap-
proximately 80% of individuals who are suffering from SDB,
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varying in degree from moderate to severe, the condition may
remain undiagnosed.’

As such, in recent years, different clinical scores, such as
the STOP, STOP-Bang,® Epworth Sleepiness Scale (ESS),” and
Berlin® scores have been proposed as screening tools. Although
the ESS was designed to evaluate the severity of subjective
sleepiness, some authors use it for obstructive sleep apnea. The
ESS questionnaire is a very subjective questionnaire that re-
quires the subject to rate, on a scale from 0 to 3, their chances
of dozing in eight different situations. These scenarios were
chosen to differ in their soporific nature” The STOP-Bang
score combines information on a patient’s complaints and
clinical characteristics by a self-administered questionnaire.
The complaints include snoring, tiredness, observed apnea and
high blood pressure,® and the clinical characteristics taken into
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consideration include body mass index (BMI), age, neck cir-
cumference, and sex. The STOP-Bang questionnaire was cre-
ated based on a large group of patients (2,477 patients), and
211 of them (9%) had a confirmed diagnosis by a full-channel
PSG. The Berlin Questionnaire® questions patients about snor-
ing, daytime sleepiness, obesity, fatigue, and hypertension. It
was based on a general clinical practice sample of 744 indi-
viduals, of which 100 patients (13%) received a diagnosis with
a polygraphic recording in the living place. Although these in-
struments are currently used in clinical practice, they do not
match current standards, as the Berlin Questionnaire was de-
veloped with thermistors with less sensibility, and the respira-
tory event scoring criteria used in the STOP-Bang is older than
those in use currently. Considering that SDB diagnosis and its
perceived prevalence may be influenced by these technical dif-
ferences,” Marti-Soler et al."’ developed a new screening tool
for SDB using current recording standards as a reference. She
used data from the HypnoLaus Sleep Cohort study 1, which
included a random subset of the population-based CoLaus/Psy-
CoLaus cohort,'"'? who all had a full-night PSG at their homes
in Switzerland. The NoSAS score is a new screening tool that
was developed in a population-based cohort of 2,121 subjects
in Switzerland (HypnoLaus) and, subsequently, validated in a
Brazilian cohort of 1,042 subjects (EPISONO).”® The NoSAS
score ranges from 0 to 17, with a score of 8 or higher defined as
having a high risk for SDB. The NoSAS score performed better
than the STOP-Bang and Berlin questionnaires, as evidenced
by higher area under the curve values; however, because the
NoSAS score was built and validated in population-based co-
horts, it may differ from one clinical population to the next.
Therefore, in this study, we aimed to validate the value of
NoSAS scores in clinical populations and to compare it with
the STOP-Bang, STOP, and Berlin questionnaires, as well as
the ESS for SDB screening.

METHODS

Study Subjects

A retrospective review of all patients at the First Affiliated
Hospital of Guangzhou Medical University who underwent
a full-night PSG from October 2012 to November 2016 was
conducted. All patients were suspected of having and were
screened for SDB. The inclusion criteria were (1) older than
18 years, (2) a total sleep time of > 4 hours and (3) completed
anthropometric data and ESS, STOP, STOP-Bang, or Berlin
questionnaires in the sleep laboratory. Subjects who met the
following criteria were excluded from this study: (1) without or
incomplete questionnaire, (2) younger than 18 years, (3) a total
sleep time of < 4 hours, and (4) previous treatment or repeated
examinations.

Data Collection

In our study, we collected basic demographics (eg, sex, age),
BMI, neck circumference, waist circumference, blood pres-
sure, ESS, Berlin, STOP, and STOP-Bang questionnaires, as
well as the severity of SDB. Symptoms of daytime somnolence
and sleepiness were measured using the ESS.” Berlin, STOP,
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STOP-Bang, and ESS questionnaires were completed by all
subjects, and they also underwent a full-night PSG in our sleep
center. All the questionnaires were conducted at night by a
physician certified in sleep medicine prior to the performance
of the PSG (Alice 5 Diagnostic Device, Respironics, United
States) with a standard 16-channel overnight test in our sleep
laboratory. To increase robustness and hinder bias, the reports
were read by another sleep medicine-certified physician, while
a second sleep expert did random quality checks.

Sleep Studies

PSG included recordings of the electro-encephalogram, elec-
tromyogram, electrocardiogram, electro-occulogram, oro-
nasal flow, thoracoabdominal movements, arterial oxygen
saturation, body position, and snoring sounds. Breathing was
recorded with nasal pressure sensors. Page-by-page analyses
and scoring of the electronic raw data were performed manu-
ally. Data according to the standard criteria were analyzed
manually by skilled staff. Apnea was defined as a > 90%
decrease in airflow amplitude for > 10 seconds. Hypopneas
were scored with use of the 2012 American Academy of Sleep
Medicine Criteria" (> 30% decrease of air flow lasting at least
10 seconds, associated with either an arousal or a > 3% oxygen
saturation decrease). The AHI was also calculated. We defined
clinically significant SDB as an AHI of more than 10 events/h,
according to the NoSAS score study.” The severity of SDB
was categorized as follows: mild (5 < AHI < 15 events/h),
moderate (15 < AHI < 30 events/h), and severe (AHI > 30
events/h), according to the 2012 American Academy of Sleep
Medicine criteria.

Statistical Analysis

The results are presented as the mean + standard deviation.
Mean differences within and between the groups were tested
with paired and unpaired ¢ tests, respectively. The > test was
used to compare categorical variables; tests were considered
significant at P < .05. All statistical analyses were performed
using the Statistical Package for Social Sciences (SPSS version
16.0, IBM Corp, Armonk, New York, United States).

RESULTS

Baseline Characteristics

We collected data on 2,668 participants from our sleep labora-
tory, of which 2,208 (83%) met our inclusion criteria and were
enrolled in our study. We excluded 460 patients (17%) because
they had a total sleep time of < 4 hours (51, 11%), were an age
younger than 18 years (154, 33%), were under treatment for
SDB before the PSG (128, 28%), had no (66, 14%) or incom-
plete (31, 7%) questionnaires, or refused to conduct the PSG
after the questionnaire (30, 7%) (Figure 1).

The demographic data and characteristics of the 2,208 par-
ticipants in our study are shown in Table 1. We analyzed all
available demographic and clinical variables classically related
to SDB, such as age, sex, BMI, height, weight, neck circum-
ference, waist circumference, systolic blood pressure, diastolic
blood pressure, and ESS.
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Diagnostic Value

Similar to the study by Marti-Soler and colleagues,'® the NoSAS
score was defined as positive if it was greater than or equal to
8 points and negative if it was fewer than 8 points, on the basis
of its ability to discriminate participants with clinically signifi-
cant SDB (ie, an AHI of > 20 events/h), its positive predictive
value (PPV), and negative predictive value (NPV) (Table 2).
We also compared the performance of the NoSAS score with
that of the ESS, STOP, STOP-Bang, and Berlin scores using
AHI cutoffs of 5, 10, 15, 20, 25, and 30 events/h (Figure 2).
We found that the AUC for the NoSAS score was lower than
that of the Berlin score when using the AHI cutoff of > 5 or 10
events/h, whereas it was higher than that of the Berlin score
when using the AHI cutoffs > 15, 20, 25, or 30 events/h. The di-
agnostic value of the NoSAS score was better than the three re-
maining questionnaires. The correlations between AHI and the
NoSAS, ESS, Berlin, STOP, and STOP-Bang questionnaires
demonstrate that a significant correlation was found between
AHI and the NoSAS score (r = 0.386, P <.001).

Overall, the NoSAS score correctly classified 678 of 906
participants (74.8%) at an AHI cutoff of > 20 events/h and
detected 546 of 711 participants (76.8%) with severe SDB (an
AHI cutoff of > 30 events/h), with 165 of 1,497 (11.0%) having
a false-negative diagnosis. The AUC curve of the five question-
naires for SDB screening of the participants with AHI of > 20
events/h is shown in Figure 3. From the receiver operating
characteristic curve, it appears that when the cutoff point of
AHI 20 > events/h in the Chinese population is used, the diag-
nostic performance of the NoSAS score is better than the other
four questionnaires. In this study, the higher the AHI of the
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Figure 1—Flow diagram.

Subjects N=26682

282 Excluded
154 less than 18 years old
128 review P3G after treatment

2386 included

97 Excluded
66 without questionnaire
31 incompleted questionnaires

2289 included

21 Excluded
51 total sleep time of<4 h
30 refuse to conduct PSG after
the gquestionnaire

2208 included

NoSAS ESS
N=2203 N=2196

Berlin
N=2208

STOP
N=2203

STOP-Bang
N=2208

ESS = Epworth Sleepiness Scale, PSG = polysomnography.

Table 1—Baseline characteristics of study subjects.

All AHI < 5 events/h 5<AHI<15events/h 15<AHI<30events/h AHI= 30 events/h
n=2,208 n=677,30.7% n =466, 21.1% n =352, 15.9% n=713,32.3%
NoSAS 8.6+39 6.5+38 83134 9.2+33 105+£3.3
ESS 7958 6.2+5.1 71+£52 7.3+£52 10.3+£6.2
Berlin 15+£09 1.0+£0.8 15+£0.8 1708 2008
STOP 19+£1.1 14+£09 1.8+£09 21+12 23+11
STOP-Bang 3515 27+13 34+£13 38+15 42+14
LSpO; (%) 78.1+13.8 88.1+6.3 82.3+9.1 780+ 8.6 65.8 £14.3
NC (cm) 384139 36.4+38.5 379136 386+3.3 404+35
AHI (eventsih)  24.4 +25.6 19+14 941128 21.2+41 57.3+174
WC (cm) 952+134 89.7+£11.0 93.7+£10.8 95.9+£10.2 101.2+15.9
SBP (mmHg)  129.7 £17.0 127.7 £ 174 1274 +£16.1 130.6 £ 16.3 1328 +17.2
DBP (mmHg) 79.0£12.2 76.5+11.9 76.9+£10.9 79.3+11.9 82.6 £12.6
HR (times/min) ~ 80.0 £ 13.7 79.3+£14.8 782+125 78.7+£129 825+£13.3
Age (years) 47.7+£13.9 472+14.8 49.7 £13.2 49.6 +14.1 458 +13.2
Height (cm) 166.5+7.7 164.8+7.9 165.6 £ 7.7 166.8 £ 8.0 168.7+£6.9
Weight (kg) 73.7+£13.9 67.5+£13.1 716+£11.8 741+£123 80.6 £13.6
MSpO; (%) 942+3.6 95.7+22 955+2.0 95.0+2.1 916+4.6
BMI (kg/m?) 26.5+4.1 248140 26.0+35 26.6+3.7 28341
Male, n (%) 1722 (77.9) 447 (66.0) 347 (74.5) 281 (79.8) 647 (90.7)

F P
1518 <.001
69.3  <.001
1924 <.001
80.5 <.001
1513 <.001
5721 <.001
1447 < .001
40 <.001
99.2  <.001
140 <.001
3.7 <.001
126  <.001
102 <.001
337 <.001
1254 <.001
2419 <.001
957  <.001
<.001

Data are presented as mean + standard deviation unless otherwise noted. AHI = apnea hypopnea index, BMI = body mass index, DBP = diastolic blood
pressure, HR = heart rate, LSpO, = lowest oxygen saturation, MSpO, = mean oxygen saturation, NC = neck circumference, SBP = systolic blood pressure,

WC = waist circumference.
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Table 2—Performance of NoSAS and ESS, Berlin, STOP, and STOP-Bang questionnaires at an AHI cutoff of = 20 events/h.

AUC (95%Cl) Sensitivity (95%CI)  Specificity (95%Cl) PPV (95%Cl) NPV (95%Cl) DOR
NoSAS 0.707 (0.686-0.729)  0.748(0.720-0.777)  0.541(0.513-0568)  0.531(0.504-0.559)  0.755(0.728-0.783)  3.503
ESS 0.642 (0.519-0.666)  0.504 (0.472-0.537)  0.712 (0.687-0.736)  0.550 (0.516-0.583)  0.673 (0.648-0.698)  2.514
Berlin 0.697 (0.625-0.718)  0.659 (0.628-0.690)  0.608 (0.581-0.634)  0.539 (0.510-0.568)  0.719 (0.693-0.746)  2.990
STOP 0.655 (0.631-0.678)  0.763(0.735-0.790)  0.459 (0.432-0.486)  0.495 (0.469-0.521)  0.735(0.705-0.766)  2.720
STOP-Bang 0704 (0.682-0.726)  0.844 (0.819-0.870)  0.359 (0.334-0.384)  0.420 (0.396-0.445)  0.807 (0.777-0.838)  3.030

AHI = apnea-hypopnea index, AUC = area under the curve, Cl = confidence interval, DOR = diagnostic odds ratio, ESS = Epworth Sleepiness Scale,

NPV = negative predictive value, PPV = positive predictive value.

Figure 2—Performance of the NoSAS score compared
with STOP-Bang, ESS, STOP, and Berlin scores.
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The AUC of NoSAS score was lower than that of Berlin score when
using the AHI cutoff of 2 5 or 10 events/h, whereas it was higher than
that of Berlin score when using the AHI cutoff = 15, 20, 25, or 30
events/h. The diagnostic value of NoSAS score was better than the other
questionnaires. AHI = apnea-hypopnea index, AUC = area under the
curve, ESS = Epworth Sleepiness Scale.

Table 3—The Chinese translation of the NoSAS score.
fabr
#iFEl > 40 cm
25 kg/m? < BMI < 30 kg/m?
BMI = 30 kg/m?
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The NoSAS score allocates 4 points for having a neck circumference =
40 cm, 3 points for having a BMI of 25-30 kg/m?, 5 points for having a
BMI of 30 kg/m? or more, 2 points for snoring, 4 points for being older
than 55 years, and 2 points for being male, and it uses a threshold of 8
points or more to indicate the presence of sleep-disordered breathing.
BMI = body mass index.

patient, the greater the receiver operating characteristic value
of the NoSAS score, indicating that the Chinese population
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Figure 3—ROC curve of the five screening tools at
AHI cutoff of =20 events/h.
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At an AHI cutoff of = 20 events/h, the diagnostic performance of the
NoSAS score is better than the other four questionnaires. AHI = apnea-
hypopnea index, ESS = Epworth Sleepiness Scale, ROC = receiver
operating characteristic.

shows consistency with the findings of foreign scholars. In ad-
dition, this finding suggests the value of screening for SDB in
patients in clinical settings.

DISCUSSION

The NoSAS score (Table 3) is a simple, efficient, and easy
method that can help clinicians quickly screen high-risk pa-
tients for SDB that demonstrates a moderately high level of
sensitivity. A previous validation confirmed that the NoSAS
score performed similarly to the STOP-Bang and Berlin ques-
tionnaires in an Asian population-based cohort." The NoSAS
score allocates 4 points for having a neck circumference > 40
cm, 3 points for having a BMI of 25-30 kg/m?, 5 points for hav-
ing a BMI of 30 kg/m? or more, 2 points for snoring, 4 points
for being older than 55 years, and 2 points for being male, and
it uses a threshold of 8 points or more to indicate the presence
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of SDB."” Based on a large hospital-based retrospective cohort,
our study confirmed the clinical utility of the NoSAS score as
a screening tool for SDB. Following a high-prevalence popula-
tion of patients undergoing overnight PSG at the sleep center
in our hospital, we propose a new and simple clinical score
to screen for clinically significant SDB. The screening tool is
also easy to remember and to score, such that no computers or
calculators are needed to risk-stratify a patient. Because of the
simplicity of the NoSAS score and the availability of relevant
data, a high proportion of our patients were able to complete
the test without any help. Compared with existing screening
scores, a cutoff of AHI > 5 and > 10 events/h resulted in an
AUC of the NoSAS score that was slightly lower than the Ber-
lin questionnaire but higher than the other screening scores. It
also had high sensitivity and specificity, with higher predic-
tive values than the other scales that can lead misdiagnoses,"
whereas the AUC of the NoSAS score was higher than that of
the Berlin score when using the AHI cutoff of > 15, 20, 25, and
30 events/h. The diagnostic value of the NoSAS score was bet-
ter than the remaining three questionnaires. Simultaneously,
the NoSAS score allowed reductions in the number of unnec-
essary nocturnal recordings and the number of missed diagno-
ses of SDB. An ideal screening tool for SDB must have high
sensitivity and negative predictive values, both of which have
been confirmed for the NoSAS score. With this screening tool,
practitioners would be able to quickly make a reasonable deci-
sion about how likely a particular patient is to have sleep apnea
and the need for a referral to a sleep physician. In other words,
it is important for this tool to be able to determine patients
with SDB severe enough to require treatment, so that they can
be referred to specialists (high sensitivity). At the same time,
it is also important that low-risk patients can be identified with
this tool, so that the practitioner can be reasonably sure that
the patient is unlikely to have significant SDB (high negative
predictive value).

As suggested by the higher AUC and proper classification
than the other scores, the NoSAS score seemed to represent
the best compromise between sensitivity and specificity and
the significant correlation between AHI and NoSAS score
(P < .001), allowing clinically significant SDB to be reliably
ruled out without yielding too many unnecessary sleep inves-
tigations, especially in moderate to severe SDB. Overall, the
NoSAS score had a false-negative rate of 11.0% for participants
with severe SDB. The fact that the NoSAS score performed
consistently well in two unrelated samples with different eth-
nic backgrounds, age ranges, and habits clearly supports and
emphasizes its consistency and generalizability to different
populations. Conversely, the STOP-Bang questionnaire has
showed low specificities in predicting moderate-to-severe and
severe SDB in some population samples.'>!¢

For ease and efficiency, a screening method should only in-
clude a small number of items that are related to easily avail-
able and objective variables. The NoSAS score uses biometric
items, such as sex, age, and BMI, which are part of any stan-
dard clinical assessment, and neck circumference, which can
be easily measured. Therefore, if this scale has the increased
ability to predicted SDB objectivity, it is foreseeable to re-
place other questionnaires for the screening of SDB and to be
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welcomed by a wide range of clinicians. This is important be-
cause most SDB patients in all population-based studies do not
receive this diagnosis from physicians."””' Meanwhile, the cur-
rent prevalence of moderate to severe SDB (AHI > 15 events/h)
is approximately 10% to 20%.%° Furthermore, the prevalence of
SDB is 7.2% among patients undergoing a variety of surgeries,*
8.4% in orthopedic patients, and 70% in patients undergoing
bariatric surgery,” suggesting a large public burden of SDB
sufferers who remain to receive a diagnosis and be treated. The
sensitivity, specificity, and NPV (74.8%, 54.1%, 75.5%) were
slightly lower than those of HypnoLaus (79.0%, 69.0%, 90%)
and EPISONO (85%, 77%, 98%). The pathogenesis of SDB in
the Chinese may be related to various factors other than obe-
sity, such as craniofacial restriction, neuromuscular control of
the upper airway, or arousal threshold, and warrants further
investigation.”*** In recent years, a meta-analysis used a diag-
nostic odds ratio (DOR) to compare the accuracy of SDB pre-
dictive models and questionnaires.”® The results of this study
showed that NoSAS scores have the highest accuracy in diag-
nosing SDB in screening questionnaires, with a DOR of 3.503.
The NoSAS score is simple, efficient, and easy to implement,
and it limits the number of subjective variables to only snoring
and has the fewest number of variables out of the five question-
naires. Therefore, it should be recommended for the screening
of SDB patients opposed to other questionnaires, such as the
Berlin and STOP-Bang.

As the aim of this analysis was to validate the NoSAS score
in specific clinical samples, we retrospectively analyzed the
value of the NoSAS score in patients with suspected SDB and
conducted PSG monitoring in our sleep center. To the best
of our knowledge, this was the first study to use the NoSAS
score in clinical populations. We believe that the NoSAS score,
which includes only five items, is easier to use in clinical prac-
tice than the other four questionnaires. We, therefore, hope that
the easy-to-use NoSAS score can encourage general practitio-
ners to screen for SDB and decrease the proportion of undi-
agnosed and untreated patients. One of the strengths of our
analysis is that it relies on a large hospital-based population,
with 2,208 PSG recordings, and the use of up-to-date record-
ing techniques and scoring criteria, which increases the rel-
evance of the NoSAS score for clinical practice. The collection
of anthropometric data and the Berlin, STOP, STOP-Bang, and
ESS questionnaires were performed prior to PSG, resulting in
our complete and unbiased gathering of information. Because
there was a false-negative rate of 11.0% with the NoSAS score
in our study, the clinical impression should obviously prevail
over the results of the score, especially for sleepy patients who
should require further investigations regardless.

Like most studies, ours also contains a set number of limita-
tions. The use of a retrospective analysis to validate the predic-
tive value of this scale is less ideal than a prospective study;
however, this study was an observational study in which our
center had done basic data collection before PSG monitoring,
such as the Berlin, STOP, STOP-Bang, and ESS question-
naires. The NoSAS score projections could also be obtained,
maintaining a high credibility for this retrospective study. In
addition, this was a single-center retrospective analysis. Al-
though the patients were just from one sleep center, the huge
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number of subjects may represent the Chinese population to
some extent.

CONCLUSIONS

The NoSAS score is a simple, efficient, and easy method for the
screening of SDB that demonstrates a moderately high level of
sensitivity, especially in moderate to severe SDB. As its current
clinical application is not yet mature, it is expected that future
national or worldwide multicenter research will verify the No-
SAS scoring method for its adoption into the clinical setting.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index

AUC, area under the curve

BMI, body mass index

ESS, Epworth Sleepiness Scale

NPV, negative predictive value

PPV, positive predictive value

PSG, polysomnography

SDB, sleep-disordered breathing

SpO,, oxygen saturation
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