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The NoSAS score for screening of sleep-disordered 
breathing: a derivation and validation study
Helena Marti-Soler, Camila Hirotsu, Pedro Marques-Vidal, Peter Vollenweider, Gérard Waeber, Martin Preisig, Mehdi Tafti, Sergio Brasil Tufi k, 
Lia Bittencourt, Sergio Tufi k, José Haba-Rubio*, Raphael Heinzer*

Summary
Background Diagnosis of sleep-disordered breathing requires overnight recordings, such as polygraphy or poly somno-
graphy. Considering the cost and low availability of these procedures, preselection of patients at high risk is recommended. 
We aimed to develop a screening tool allowing identifi cation of individuals at risk of sleep-disordered breathing. 

Methods We used the participants from the population-based HypnoLaus cohort in Lausanne, Switzerland, who had 
a clinical assessment and polysomnography at home, to build a clinical score (the NoSAS score) using multiple factor 
analysis and logistic regression to identify people likely to have clinically signifi cant sleep-disordered breathing. The 
NoSAS score was externally validated in an independent sleep cohort (EPISONO). We compared its performance to 
existing screening scores (STOP-Bang and Berlin scores). 

Findings We used the 2121 participants from the HypnoLaus cohort who were assessed between Sept 1, 2009, and June 30, 
2013. The NoSAS score, which ranges from 0 to 17, allocates 4 points for having a neck circumference of more than 
40 cm, 3 points for having a body-mass index of 25 kg/m² to less than 30 kg/m² or 5 points for having a body-mass index 
of 30 kg/m² or more, 2 points for snoring, 4 points for being older than 55 years of age, and 2 points for being male. 
Using a threshold of 8 points or more, the NoSAS score identifi ed individuals at risk of clinically signifi cant sleep-
disordered breathing, with an area under the curve (AUC) of 0·74 (95% CI 0·72–0·76). It showed an even higher 
performance in the EPISONO cohort, with an AUC of 0·81 (0·77–0·85). The NoSAS score performed signifi cantly better 
than did the STOP-Bang (AUC 0·67 [95% CI 0·65–0·69]; p<0·0001) and Berlin (0·63 [0·61–0·66]; p<0·0001) scores.

Interpretation The NoSAS score is a simple, effi  cient, and easy to implement score enabling identifi cation of individuals 
at risk of sleep-disordered breathing. Because of its high discrimination power, the NoSAS score can help clinicians to 
decide which patients to further investigate with a nocturnal recording.

Funding Faculty of Biology and Medicine of the University of Lausanne, Lausanne University Hospital, Swiss National 
Science Foundation, Leenaards Foundation, GlaxoSmithKline, and Vaud Pulmonary League.

Introduction
Sleep-disordered breathing is a highly prevalent disease, 
characterised by repetitive collapse of the upper airway 
during sleep. Moderate-to-severe sleep-disordered breath-
ing has been shown to aff ect half of men and almost a 
quarter of women in the general middle-to-old-age 
population (40–85 years old).1 The disorder aff ects quality 
of life and diff erent aspects of health domains;2,3 is 
associated with an increased incidence of cardiovascular 
events,4,5 hyper tension,6 diabetes,7 metabolic syndrome,8 
and car accidents;9 and represents an important public 
health issue. Diagnosis requires overnight recordings with 
portable limited-channel recorders (respiratory poly-
graphy) or full poly somnography (PSG), either at home or 
in a sleep laboratory. These investigations are time-
consuming and expensive and cannot be used as routine 
screening.

Diff erent clinical scores, such as the Berlin10 or STOP-
Bang11 scores, have therefore been previously proposed 
as screening tools. The Berlin Questionnaire10 includes 
information about snoring, daytime sleepiness or 
fatigue, obesity, and hypertension. It was created with 
use of a general clinical practice sample of 744 individuals, 

of whom 100 (13%) had a polygraphic recording at home 
to confi rm the diagnosis. The STOP-Bang score11 com-
bines information from a self-administered question-
naire about complaints of snoring, tiredness, observed 
apnoea, and high blood pressure with clinical 
characteristics such as body-mass index (BMI), age, neck 
circumference, and sex. It was created based on a large 
group of patients assessed before a surgical procedure 
(2477 patients), of whom 211 (9%) had a full PSG to 
confi rm the diagnosis.

These instruments are used in current clinical practice, 
although they were developed with use of less sensitive 
recording technology (the Berlin score was developed 
with thermistors) or older respiratory event scoring 
criteria (STOP-Bang) than those used nowadays, which 
therefore do not match current standards. Considering 
that these technical diff erences have been shown to have 
a substantial impact on sleep-disordered breathing 
diagnosis and perceived prevalence,1 we aimed to develop 
a new screening tool for sleep-disordered breathing 
using current recording standards as a reference and 
external validation to ensure its reliability in diff erent 
populations.
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Methods 
Study design and participants
The HypnoLaus Sleep Cohort study1 included a random 
subset of the population-based CoLaus/PsyCoLaus 
cohort12,13 who had a full PSG at home in Lausanne, 
Switzerland. Sleep-related complaints and habits were 
investigated with use of the Pittsburgh Sleep Quality 
Index14 and Epworth Sleepiness Scale,15 and the probability 
of sleep-disordered breathing was investigated using the 
Berlin Questionnaire10 and STOP-Bang11 score. Clinical 
and demographic data were also collected (appendix). The 
ethics committee of the University of Lausanne approved 
the CoLaus/PsyCoLaus cohort study and the HypnoLaus 
Sleep Cohort study. Written informed consent was 
obtained from all participants. 

Procedures
In the HypnoLaus Sleep Cohort study, certifi ed 
technicians equipped participants with a PSG recorder 
(Titanium; Embla, Flaga, Reykjavik, Iceland) between 
1700 h and 2000 h at the Center for Investigation and 
Research in Sleep, University Hospital of Lausanne 
(Lausanne, Switzerland). All sleep recordings took place 
in patients’ home environments and in accordance with 
the American Academy of Sleep Medicine’s 2007 
recommended setup specifi cations.16 Breathing was 
recorded with nasal pressure sensors. Participants being 
treated for sleep-disordered breathing were asked to 
discontinue their treatment 1 week before the sleep 
recording. Two trained sleep technicians masked to 
questionnaire results manually scored PSG recordings 
using Somnologica (Embla) software (version 5.1.1). Each 
recording was reviewed by an expert sleep physician, and 
a second sleep expert did random quality checks. Quality 
control for concordance between the two PSG scorers 
was imple mented periodically to ensure that both scorers 
achieved at least a 90% level of agreement for sleep 

stages and respiratory events and an 85% level of 
agreement for arousals.17 Apnoea was defi ned as a 
decrease of at least 90% of airfl ow from baseline, lasting 
10 s or longer. Hypopnoeas were scored with use of the 
latest 2012 American Academy of Sleep Medicine 
criteria18 (≥30% decrease of airfl ow lasting at least 10 s, 
associated with either an arousal or a ≥3% O2 saturation 
decrease). The mean number of apnoeas and hypopnoeas 
per h of sleep (apnoea-hypopnoea index [AHI]) was 
calculated. We defi ned clinically signifi cant sleep-
disordered breathing as an AHI of more than 20 events 
per h according to the initial analysis of the HypnoLaus 
Sleep Cohort.1 

We used the EPISONO population-based cohort,19 
studied in São Paulo, Brazil, in 2007, to externally validate 
the NoSAS score. The details of the study design and 
methods have been previously published.20 Briefl y, the 
EPISONO survey used a probabilistic three-stage cluster 
sample of São Paulo inhabitants to represent the 
population according to sex, age, and socioeconomic 
status. Face-to-face interviews and in-lab full-night PSG 
with a nasal cannula and thermistor were done. An initial 
sample of 1101 participants was included from the four 
homogeneous socioeconomic macroregions of São Paulo, 
as classifi ed by the National Institute of Demographics 
and Statistics census. 59 (5%) refused to undergo the 
PSG examination, leading to a fi nal sample size of 
1042 (95%) participants. Apnoeas were defi ned as a 
decrease of at least 90% of airfl ow from baseline, lasting 
10 s or longer. Hypopnoeas were defi ned as a 50% or 
higher decrease of airfl ow lasting at least 10 s, associated 
with either an arousal or a 3% or higher O2 saturation 
decrease.

Statistical analysis
To develop the screening score, we used multiple factor 
analysis based on demographic data and clinical charac-

Research in context

Evidence before this study 
Sleep-disordered breathing is a highly prevalent condition 
associated with neurocognitive defi cits and increased 
cardiovascular risk. Diagnostic procedures, such as respiratory 
polygraphy or polysomnography, are time-consuming and 
expensive, so they cannot be used as routine screening for 
sleep-disordered breathing. We searched PubMed with the 
terms “sleep apnea”, “sleep apnoea”, and “screening score” up 
to Nov 30, 2015 (in English). We found that the most 
commonly used scores for sleep apnoea screening in clinical 
settings  were the Berlin and the STOP-Bang scores. However, 
clinicians often complain about the complexity of the Berlin 
score and the high positive rate and lack of discrimination of 
the STOP BANG score. We thus aimed to develop a new 
screening score for sleep apnoea based on HypnoLaus, a large 
population-based sleep cohort.

Added value of this study
We propose a new simple clinical score (the NoSAS score) to 
screen for sleep-disordered breathing on the basis of clinical 
and polysomnographic data from a large population-based 
cohort. Using variables easily available in primary care practice, 
the NoSAS score allows identifi cation of individuals at risk and 
ruling out of clinically signifi cant sleep-disordered breathing, 
with an NPV of 90% and 98% in two ethnically diff erent 
population-based cohorts.

Implications of all the available evidence 
Compared with existing screening scores, the NoSAS score 
helps clinicians decide with a higher accuracy than at present 
which individuals should be referred for further testing, thereby 
reducing the number of missed sleep-disordered breathing 
diagnoses and unnecessary nocturnal recordings.

See Online for appendix
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teristics to visually explore the simultaneous relationships 
between continuous and categorical variables and 
identify sleep-disordered breathing-related features. For 
each selected continuous variable, we selected the 
threshold with the highest area under the curve (AUC) 
using an AHI of more than 20 or less than or equal to 
20 as the response variable. We estimated the probability 
of clinically signifi cant sleep-disordered breathing (an 
AHI of >20 events per h) using logistic regression for 
participants with complete data and created a score 
taking into account the contribution of each variable 
included in the logistic model. We built the score as the 
sum of assigned points, defi ned as the exponential of the 
estimated coeffi  cient, rounded to the nearest integer. We 
subsequently dichotomised it into positive or negative.

We assessed the performance of the score in terms of 
discrimination using the AUC and DeLong method21 to 
calculate 95% CIs, positive predictive value (PPV; the 
probability that participants with a positive screening 
test truly have the disease), and negative predictive value 
(NPV; the probability that participants with a negative 
screening test truly do not have the disease). To avoid 
overfi tting due to use of the same data for estimation 
and evaluation, we used the k-fold cross validation 
technique,22 with k equal to 10. Briefl y, this technique 
randomly splits data into k equal size subsamples. It 
uses k–1 subsamples for estimation and the remaining 
one for validation. The process is then repeated k times, 
with each of the k subsamples used once as the validation 
data. The k results are then combined to produce a 
single estimation. We calculated the percentage of 
unnecessary sleep recordings (false positives) and 
missed sleep-disordered breathing diagnoses (false 
negatives) by comparing the results of our score with 
whether their polysomnography showed an AHI of 
more or less than or equal to 20 events per h. We did 
statistical analyses using R software (version 3.1.0). We 
did an independent external validation using data from 
the EPISONO population-based cohort.19 The 
performance of our score, as well as the Berlin and 
STOP-Bang scores, were assessed and compared with 
one another in the EPISONO sample. 

Role of the funding source 
The Faculty of Biology and Medicine of the University of 
Lausanne, Lausanne University Hospital, the Leenaards 
Foundation, and the Vaud Pulmonary League funded the 
salary of the technicians who did the sleep recordings. 
The Swiss National Science Foundation funded the 
statisticians and supported the initial CoLaus cohort. 
GlaxoSmithKline supported the initial CoLaus cohort 
and funded the PSG recorders. The funders of the study 
had no role in study design, data collection, data analysis, 
data interpretation, or writing of the report. The 
corresponding authors had full access to all of the data in 
the study and had fi nal responsibility for the decision to 
submit for publication. 

Results
Of the 3043 participants contacted from the CoLaus/
PsyCoLaus study, 2168 (71%) agreed to have a PSG at 
home in the HypnoLaus study, assessed between Sept 1, 
2009, and June 30, 2013. Among the 2168 participants who 
had a full PSG at home, 2121 (98%) were included in the 
HypnoLaus study and 47 (2%) were excluded (41 because 
of a total sleep time of <4 h and six because of technical 
problems). Compared with the whole CoLaus/PsyCoLaus 
cohort, individuals who had PSG in the HypnoLaus study 
were similar in terms of age, sex, BMI, and ethnic origin, 

HypnoLaus cohort (n=2121)

Age (years) 59 (11)

Male 1024 (48%)

Overweight (body-mass index 
>25 kg/m²)

1210 (57%)

Body-mass index (kg/m²) 25·6 (4·1)

Neck circumference (cm)* 36·9 (3·9)

Waist-to-hip ratio† 0·9 (<0·1) 

Use alcohol‡ 560 (26%) 

Current smoker 395 (19%)

Snore§ 1164/1759 (66%)

Hypertension¶ 877 (41%)

Diabetes|| 212 (10%)

Metabolic syndrome** 641 (30%)

Apnoea-hypopnoea index >20/h 551 (26%)

Epworth score 6 (3–9)

Epworth score >10 258 (12%)

PSQI score 4 (3–7)

Berlin score ≥2 525 (25%)

STOP-Bang score ≥3 1076/1559 (69%)

Data are mean (SD), n (%), or median (IQR). PSQI=Pittsburgh Sleep Quality 
Index.*Measured between mid-cervical spine and mid-anterior neck, just below the 
laryngeal prominence. †Calculated as the ratio of the circumference of the waist to 
that of the hip. ‡Self-reported use of alcohol (at least one drink) in the evening 
preceding the polysomnography. §Some data missing. ¶Defi ned as a systolic blood 
pressure of 140 mm Hg or higher or a diastolic blood pressure of 90 mm Hg or 
higher, or current use of antihypertensive medication. ||Defined as a fasting blood 
glucose concentration of 7 mmol/L or higher or current use of antidiabetic 
medication. **Defi ned according to the Adult Treatment Panel III report.23 

Table 1: Demographic data and characteristics of the HypnoLaus cohort

Points

Neck circumference >40 cm 4

Obesity

BMI 25 kg/m² to <30 kg/m² 3

BMI ≥30 kg/m² 5

Snoring 2

Age >55 years 4

Sex: male 2

The patient has a high probability of sleep-disordered breathing if they have a 
NoSAS score of 8 or higher. BMI=body-mass index.

Table 2: NoSAS score 
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and were considered re presentative of Lausanne’s general 
population.12 Demographic data and characteristics of the 
2121 HypnoLaus participants are shown in table 1.

38 (2%) participants were being treated for sleep-
disordered breathing. Initially, we analysed all available 
demo graphic and clinical variables classically related to 
sleep-disordered breathing, such as age, sex, BMI, height, 
weight, neck circumference, waist-to-hip ratio, alcohol 
use, smoking, snoring, hypertension, diabetes, metabolic 
syndrome, and Epworth score, with multiple factor 

analysis to identify blocks of variables. Using a graphical 
tool provided by this approach and logistic regression 
models, we have identifi ed the most relevant variables: 
neck circumference, obesity, snoring, age, and sex 
(NoSAS score). This score, which ranges from 0 to 17, 
allocates 4 points for having a neck circumference of 
more than 40 cm, 3 points for having a BMI of 25 kg/m² 
to less than 30 kg/m² or 5 points for having a BMI of 
30 kg/m² or more, 2 points for snoring, 4 points for being 
older than 55 years of age, and 2 points for being male 
(table 2).

We chose 8 as a threshold, so the score was defi ned 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 sig-
nifi cant sleep-disordered breathing (ie, an AHI of 
>20 events per h), its PPV, and its NPV (fi gure 1). The 
score had an AUC of 0·74 (95% CI 0·72–0·76), a PPV of 
0·47 (0·44–0·51), and an NPV of 0·90 (0·88–0·92; 
table 3). We also compared the performance of the NoSAS 
score with that of the STOP-Bang and Berlin scores using 
AHI cutoff s of fi ve, 10, 15, 20, 25, and 30 events per h 
(fi gure 2, appendix). Overall, the NoSAS score was able to 
detect 1666 (98%) of 1703 participants with severe sleep-
disordered breathing (an AHI of >30 events per h), with 
37 (2%) of 1703 having a false-negative diagnosis. STOP-
Bang correctly classifi ed 839 (54%) of 1559 participants 
for a cutoff  of 20 events per h and 683 (44%) of 
1559 participants for severe sleep-disordered breathing.

In addition to the internal cross-validation, the 
NoSAS score was also validated in the independent 
population-based EPISONO cohort19 (466 [45%] of 
1042 were men; mean age 42 years (SD 14); 621 [60%] of 
1042 were overweight). The NoSAS score had an AUC of 
0·81 (95% CI 0·77–0·85), a PPV of 0·33 (0·28–0·38), and 
an NPV of 0·98 (0·96–0·99). Com paring the classifi cation 
capability of the NoSAS, STOP-Bang, and Berlin scores, 
the NoSAS score performed signifi cantly better than did 
the other scores in both cohorts. In HypnoLaus, the AUC 
was 0·74 (0·72–0·76) for the NoSAS score, 0·67 
(0·65–0·69; p<0·0001) for the STOP-Bang score, and 

Estimated prevalence of 
sleep-disordered breathing 
(n/N [%])

AUC Sensitivity Specifi city PPV NPV

HypnoLaus

NoSAS 737/1703 (43%) 0·74 (0·72–0·76) 0·79 (0·75–0·82) 0·69 (0·67–0·72) 0·47 (0·44–0·51) 0·90 (0·88–0·92)

STOP-Bang 1076/1559 (69%) 0·67 (0·65–0·69) 0·94 (0·91–0·96) 0·40 (0·37–0·43) 0·35 (0·33–0·39) 0·95 (0·93–0·97)

Berlin 525/2115 (25%) 0·63 (0·61–0·66) 0·41 (0·37–0·45) 0·81 (0·79–0·83) 0·43 (0·39–0·47) 0·79 (0·77–0·81)

EPISONO

NoSAS 310/1042 (30%) 0·81 (0·77–0·85) 0·85 (0·77–0·91) 0·77 (0·75–0·80) 0·33 (0·28–0·38) 0·98 (0·96–0·99)

STOP-Bang 411/1016 (40%) 0·68 (0·63–0·73) 0·72 (0·63–0·80) 0·64 (0·61–0·67) 0·21 (0·17–0·25) 0·95 (0·92–0·96)

Berlin 362/1036 (35%) 0·65 (0·59–0·70) 0·61 (0·52–0·70) 0·68 (0·65–0·71) 0·20 (0·16–0·24) 0·93 (0·91–0·95)

Data in parentheses are 95% CIs. AUC=area under the curve. PPV=positive predictive value. NPV=negative predictive value.

Table 3: Performance of diff erent scores in the HypnoLaus and EPISONO cohorts
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Figure 1: Performance of the NoSAS score for each possible threshold
The multiple data points represent the ten-fold cross-validation method. AUC=area under the curve. 
NPV=negative predictive value. PPV=positive predictive value. The dotted line shows the threshold of 8. Values of 
1, 14, and 16 do not appear as no NoSAS scores are possible for these values, and values of 0 and 17 do not appear 
because they represent 0 and 1 by defi nition.
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0·63 (0·61–0·66; p<0·0001) for the Berlin score. In 
EPISONO, the AUC was 0·81 (0·77–0·85) for the NoSAS 
score, 0·68 (0·63–0·73; p<0·0001) for the STOP-Bang 
score, and 0·65 (0·59–0·70; p<0·0001) for the Berlin 
score (table 3). The proportion of correct sleep-disordered 
breathing classifi cations—ie, positive NoSAS score when 
the participant has an AHI of more than 20 events per h 
and negative NoSAS score when they have an AHI of 
20 events per h or fewer, in the HypnoLaus and EPISONO 
cohorts, is shown in table 4. All participants who had a 
false-negative result with the NoSAS score had a neck 
circumference of 40 cm or lower, 33 (35%) of 95 had a 
BMI between 25 kg/m² and 30 kg/m², and only four (4%) 
of 95 had a BMI of 30 kg/m² or higher.

Discussion
Using a large population-based cohort, we propose a new 
simple and easy-to-interpret clinical score to screen for 
clinically signifi cant sleep-disordered breathing. Our 
results show that—using variables easily available in 
primary care practice—the NoSAS score allows clinically 
signifi cant sleep-disordered breathing to be reliably ruled 
out, with an NPV of 90% and 98% in two ethnically 
diff erent population-based cohorts. Compared with 
existing screening scores, the NoSAS score allows a 
reduc tion in the number of unnecessary nocturnal 
record ings as well as the number of missed diagnoses of 
sleep-disordered breathing. 

An ideal sleep-disordered breathing screening score 
should have a high sensitivity to avoid false-negative 
results, but also be specifi c enough to avoid referral of 
low-risk patients for costly and time-consuming sleep 
recordings. Although the proportion of correct classi-
fi cations of the Berlin Questionnaire was only mildly 
lower than that of the NoSAS score, its sensitivity was 
quite low in both cohorts, yielding the highest proportion 
of missed diagnoses, which is unfortunate for a screening 
score. As suggested by the higher AUC and correct 
classifi cation proportion than the other scores, the 
NoSAS score seems to represent the best sensitivity 
specifi city compromise, allowing clinically signifi cant 
sleep-disordered breathing to be reliably ruled out with-
out yielding too many unnecessary sleep investi gations. 

Overall, the NoSAS score had a false-negative proportion 
of 2% for participants with severe sleep-disordered 
breathing. Although the proportion of missed diagnoses 
with the NoSAS score with use of diff erent thresholds is 
much lower than with the Berlin score, it is higher than 
with the STOP-Bang score in the HypnoLaus cohort (but 
not in the EPISONO cohort). This very low false-negative 
proportion of the STOP-Bang score in the HypnoLaus 
cohort is, however, obtained at the cost of a very high false-
positive proportion (45%). Moreover, the ability of STOP-
Bang to correctly classify participants for a cutoff  of 
20 events per h is close to a random classifi cation and 
worse than random for severe sleep-disordered breathing, 
which questions its use in these sleep-disordered 

breathing categories. Participants with a false-negative 
result with the NoSAS score tended to have a low neck 
circumference and BMI. The cause of their sleep-
disordered breathing is therefore more likely to be related 
to maxillofacial deformities, a high loop gain, or upper 
airway muscle control dysfunction than to obesity. 

The fact that the NoSAS score performed consistently 
well in two unrelated samples with diff erent age ranges, 
ethnic backgrounds, and habits is an asset and strongly 
emphasises its consistency and generalisability to 
diff erent populations. Conversely, STOP-Bang seems to 
be less consistent24 since it showed a very low specifi city 
to predict moderate-to-severe and severe sleep-disordered 
breathing in some population samples.25,26 We also 
observed variations in STOP-Bang and Berlin per for-
mances between the HypnoLaus and EPISONO cohorts, 
whereas the performance of the NoSAS score appeared 
to be more stable than were the other scores. This higher 
stability could be due to the lower number of subjective 
variables included in the NoSAS score.

To be time effi  cient, a screening score should include a 
small number of items related to easily available and 
objective variables. The NoSAS score uses biometric 
items, such as age, sex, and BMI, which are part of any 
standard clinical assessment, and neck circumference, 
which can be easily measured. As the aim of this analysis 
was to develop a reliable and easily applicable score, we 
tried to limit the number of subjective variables, such as 
witnessed sleep apnoeas, which require the observation 
of a bed partner, and subjective sleepiness, which was 
not associated with sleep-disordered breathing severity 
in our cohort.1 This absence of association could be due 
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to the multiple factors that infl uence reported sleepiness, 
such as sleep duration, medications, mood disorders, or 
other sleep disorders. We did not include hypertension 
as it did not appear to be a major independent predictor 
of sleep-disordered breathing in our cluster analysis. 
This absence could also be due to the multiple factors 
that can infl uence blood pressure. The presence of 
snoring is the only subjective item we included in the 
NoSAS score because of its strong statistical association 
with clinically signifi cant sleep-disordered breathing. 
However, we did not include snoring severity and 
frequency since these variables are more subjective and 
diffi  cult to quantify than is presence of snoring. 

Compared with the eight items of STOP-Bang and the 
nine to eleven questions (depending on the snore question) 
and three separate calculations required for the Berlin 
Questionnaire, we believe that the NoSAS score, which 
includes only fi ve items, is easier to use in clinical practice 
than are the other two scores. Additionally, a free 
smartphone application is available (NoSAS Score; BeFine, 
Geneva, Switzerland). An online NoSAS calculator will 
also be available. We can therefore hope that this easy-to-
use score could encourage general practitioners to screen 
for sleep-disordered breathing and decrease the proportion 
of undiagnosed and un treated people with sleep-disordered 
breathing. 

One of the strengths of our analysis is that it relies on a 
large population-based sample, with more than 
2000 poly  somnographic recordings, whereas a much 
lower number of polysomnographies than used in this 
study was used as a reference to develop the Berlin10 and 
STOP-Bang11 scores. Moreover, we used up-to-date 
recording techniques and scoring criteria currently used 
in sleep laboratories, which probably increases the 
relevance of the NoSAS score for current clinical practice. 
Furthermore, the external validation in an unrelated 
cohort from another continent showing high repro-
ducibility of the NoSAS score is an asset. Limitations to 
our analysis also exist that need to be taken into account. 
First, we chose an AHI of more than 20 events per h as a 
cutoff  to build the score on the basis of the results of the 
fi rst analysis of the HypnoLaus cohort showing signifi cant 
associations between sleep-disordered breathing and 

hypertension, diabetes, metabolic syndrome, and 
depression, almost exclusively in the upper quartile (an 
AHI of >20·6 events per h).1 This decision was clearly 
arbitrary, but the NoSAS score seems to also perform well 
with other AHI cutoff s. When thresholds of fi ve, 10, 15, 
20, 25, and 30 events per h were used, we saw that the per-
formance of the NoSAS score remained higher than with 
the other scores for AHI thresholds of ten events per h or 
more. Since the currently recommended recording 
techniques and scoring criteria for respiratory events are 
highly sensitive, yielding high sleep-disordered breathing 
prevalence fi gures,27 we believe that use of an AHI 
threshold of less than 10 events per h would not be 
clinically relevant. Second, some data were missing for the 
calculation of each of the scores because some participants 
did not fi ll in the questionnaires properly. This proportion 
was, however, rather low in general, and we do not believe 
that it had a substantial impact on the results because we 
are not in the framework of a point estimate like a 
treatment or an exposure eff ect, for instance. Finally, the 
NoSAS score was built and validated in population-based 
cohorts, which might diff er from clinical populations. 
This score will therefore have to be further validated in 
specifi c clinical samples.
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