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Abstract
Background Severe obstructive sleep apnea (OSA) is an in-
dependent risk factor for perioperative complications. Clinical
scores such as Snoring, Tiredness, Observed apnea, high
blood Pressure, Body Mass Index (BMI) higher than
35 kg m−2, Age older than 50 years, Neck circumference
larger than 40 cm, and male gender (STOP-Bang), periopera-
tive sleep apnea prediction (P-SAP), and OSA50 have been
proposed for detecting OSA. We recently proposed a new
score based on morphological metrics only, the DES-OSA
score. This study compared the DES-OSA score to the three
other ones with regard to their ability to detect OSA. Obese
patients are particularly at risk of OSA.

Methods Following informed consent and institutional review
board (IRB) approval, 1584 consecutive adults were. Should
the STOP-Bang be indicative of increased risk of severe OSA,
the patient was referred to complementary polysomnography
(PSG). Eventual already existing recent PSG data were also
collected. The abilities of the four scores to predict OSA se-
verity were compared using sensitivity, specificity, Cohen’s
kappa coefficient (CKC), and area under ROC curve
(AUROC) analysis.
Results PSG was performed in 150 patients. For detecting
severe OSA, OSA50 had the highest sensitivity [value
(95 % CI) 0.98 (0.90–1)]. STOP-Bang was significantly less
sensitive than P-SAP and OSA50. In that respect, DES-OSA
was significantly more specific than the three other ones [0.75
(0.65–0.83)]. The AUROC of DES-OSAwas significantly the
largest [0.9 (0.84–0.95)]. The highest CKC at detecting severe
OSAwas 0.62 (0.49–0.74) for DES-OSA. Similar results were
obtained for moderate to severe OSA prediction.
Conclusions DES-OSA, which is the only exclusively mor-
phological score available, appears to surpass the three other
scores in their ability to predict moderate to severe and severe
OSA, at least in our setting and in our screened population.
Clinical Trial Registration ClinicalTrial.gov NCT02051829

Keywords Sleep apnea . Obstructive . Postoperative
complications . Obesity . Perioperative period .Mass
screening

Introduction

The obstructive sleep apnea (OSA) syndrome represents an
independent risk factor for perioperative complications [1–9].
OSA affects at least 7 and 8 % of the surgical population [10,
11]. Singh et al. recently demonstrated that, during the pre-
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operative visit, anesthesiologists and surgeons fail to diagnose
more than 60 and 92 % of mild and severe OSA patients,
respectively [12]. Hence, there is a need for a systematic
screening of OSA during the pre-operative consultation [13].
This screening will have two goals. First, it will prompt prac-
titioners planning a precise postoperative management for
monitoring suspected (or confirmed) OSA patients that do
not routinely use a continuous positive airway pressure
(CPAP)machine during the night and planning a perioperative
opioid sparing strategy. Second, it will help refine criteria for
ambulatory procedure eligibility [14–16]. Since the work of
Mutter et al., it is widely accepted that practitioners should
focus their attention to detect undiagnosed severe OSA pa-
tients [1]. These patients are at a high risk of postoperative
complications. Obese patients are particularly at risk of
exhibiting an OSA.

Polysomnography (PSG) still represents the gold standard
of OSA diagnosis [17]. Evidently, submitting all surgical pa-
tients to PSG before their intervention is economically not
affordable. In order to facilitate OSA detection, several pre-
dictive clinical scores have been proposed. They aim at de-
tecting patients with increased risk of at least mild, moderate
to severe, or severe OSA. The ideal score should be easy to
use and performed within a reasonable amount of time. It
should also have a favorable sensitivity-specificity ratio at
detecting OSA. For example, the Sleep Disorders
Questionnaire (SDQ), developed by Douglass et al. in 1994
[18], is one of the most sensitive-specific score [18, 19].
However, the 175 items composing the SDQ do not make it
applicable during a routine pre-operative screening. In that
setting, three clinical scores are commonly proposed. The
STOP-Bang questionnaire, developed by Chung et al. [20,
21], is certainly the most frequently used. It includes the fol-
lowing eight criteria: Snoring, Tiredness, Observed apnea,
high blood Pressure, Body Mass Index (BMI) higher than
35 kg m−2, Age older than 50 years, Neck circumference
larger than 40 cm, and male gender. The perioperative sleep
apnea prediction (P-SAP) score, proposed by Ramachandran
et al. [10], takes account of snoring, reduced tyro-mental dis-
tance (<6 cm), presence of type 2 diabetes, presence of high
blood pressure, Mallampati class III or IV, BMI higher than
30 kg m−2, age equal to or over 43 years, neck circumference
larger than 40 cm, and male gender. The OSA50, developed
by Chai-Coetzer et al., has four weighted parameters, includ-
ing Obesity and waist circumference larger than 88 cm for
females and 102 cm for males, Snoring, observed Sleep
Apneas, and age over 50 years [22]. Currently, considering
the number of STOP-Bang-related publications, this score is
the gold standard of OSA screening scores [23].

The main drawback of clinical scores involving anamnestic
criteria relies in the need for trusting patient responses to
questioning regarding usual snoring, sensation of tiredness,
and witnessed apnea, for example. A language barrier, the

ignorance of the patient on his/her health status, and the need
for a daily life witness may impede the reliability of obtained
responses. To overcome those potential bias, we recently de-
veloped a new diagnostic score for OSA, the DES-OSA score
[24]. This score compiles morphological criteria only, includ-
ing the Mallampati score, the distance between thyroid and
chin, the BMI, the neck circumference, and gender. Each cri-
terion is weighted 1, 2, or 3 points, according to their observed
value (Table 5 of the Appendix). A cutoff value of 7 corre-
sponds to significantly increased probability of severe OSA
[24].

Ideally, the reliability of those scores to predict OSA and its
severity should be as high as possible. We here tested the
hypothesis that the DES-OSA score performs better in this
indication. Indeed, DES-OSA has been specifically designed
to detect severe OSA [24], and the exclusive morphological
nature of its criteria makes it probably less sensible to patients’
subjectivity. The aim of this study was to compare the DES-
OSA score to the three other ones, namely, the STOP-Bang
score considered as the gold standard and used as a pre-
screening tool, the P-SAP score, and the OSA50 score, in a
homogeneous sample drawn from a pre-surgical population.
We compared their ability to detect at least mild, moderate to
severe, and severe OSA in terms of sensibility, specificity,
Cohen’s kappa coefficient, and area under ROC curves.

Material and Methods

Institutional Review Board/Consent

The study was approved by our Institutional Ethics
Committee (Clinique Saint-Luc of Bouge, Dr. P. van der
Rest, 20 April 2013, Namur, Belgium) with the reference
number CE SLBO 2014/01. Due to the fact that this study is
limited to an analysis of data that are routinely collected dur-
ing the pre-anesthetic visit in our institution, the institutional
review board (IRB) waived the written informed consent.
However, oral informed consent was always obtained.

Clinical Trial Registration

This study was registered prior to patient enrolment at
ClinicalTrial.gov NCT02051829.

Consecutive consenting patients (n = 1584), aged
18 years old or more, were screened. Those patients were
initially admitted for a pre-anesthetic visit. In our institu-
tion, all patients undergo such a visit in the facilities of a
pre-anesthesia clinic. Patient’s height and weight were ob-
jectively measured, and age, gender, and ASA physical
status were recorded. In addition, all items needed to cal-
culate the four studied scores were compiled, including
the following morphological criteria [24]. The distance

OBES SURG (2017) 27:716–729 717



Fig. 1 Flowchart illustrating patient’s recruitment. PSG polysomnography, AHI apnea-hypopnea index
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Table 1 Demographic and other
characteristics of patients in the
screened population and in
patients who achieved PSG

Screened population PSG Statistics

Demographic data
Number 1583 150
Age (years)b 57.24 ± 17.05 59.66 ± 12.41 t(1731) = −1.697

P = 0.090
Male/female (%)a 49.10/50.90 70.00/30.00 χ2

(1) = 9.067

P = 0.003*

ASA physical statusa χ2
(2) = 6.092

P = 0.048*
ASA I (%) 11.37 2.67
ASA II (%) 81.13 90.00
ASA III (%) 5.5 7.33

Distribution of patients according to their apnea and hypopnea index (AHI) –
AHI >5 events h−1 (%) – 89.33
AHI >15 events h−1 (%) – 62.00
AHI >30 events h−1 (%) – 42.00
AHI (events h−1) – 22.00 (10.25 to 41.27)

Distribution of patients according to their Mallampati (MP) scorea χ2
(2) = 5.991

P < 0.001*
MP I (%) 34.36 18.00
MP II (%) 53.88 50.00
MP III and IV (%) 11.75 32.00

Distribution of patients according to their distance between thyroid and chin (DTC)a χ2
(4) = 1.010

P = 0.603
DTC >6 cm (%) 85.72 81.33
DTC <6 and >5 cm (%) 13.14 16.00
DTC <5 cm (%) 1.14 2.67

Distribution of patients according to their body mass index (BMI)a χ2
(4) = 1.925

P = 0.750
BMI >28 kg/m (%) 42.39 78.00
BMI >30 kg/m (%) 30.07 62.00
BMI >35 kg/m (%) 10.93 30.67
BMI >39 kg/m (%) 4.67 14.00
BMI >41 kg/m (%) 3.09 9.33
BMI (kg/m)b 27.79 ± 5.82 32.36 ± 2.26 t(1731) = −9.120

P < 0.001*
Distribution of patients according to their neck circumference (NC)a χ2

(4) = 9.847

P = 0.043*
NC >37 cm (%) 52.62 83.33
NC >40 cm (%) 26.47 63.67
NC >42 cm (%) 14.53 50.00
NC >45 cm (%) 4.80 22.67
NC >=48 cm (%) 1.39 8.67
NC (cm)b 37.82 ± 4.26 41.97 ± 4.64 t(1731) = −11.304

P < 0.001*

Distribution of patients according to other characteristics
Snoring (%)a 50.09 82.00 χ2

(1) = 22.703

P < 0.001*
Tired (%)a 33.73 64.67 χ2

(1) = 19.151

P < 0.001*
Observed apneas (%)a 14.34 54.67 χ2

(1) = 35.986

P < 0.001*
Hypertension (%)a 36.89 56.00 χ2

(1) = 7.341

P = 0.007*
Diabetes (%)a 10.30 22.67 χ2

(1) = 5.557

P = 0.018*

Degrees of freedom are indicated between brackets

*A two-tailed P value <0.05 was considered significant
a Frequency data, between-group statistical comparisons made using a χ2 test
b Normally distributed data presented as mean ± standard deviation, between-group comparisonsmade using two-
tailed independent Student’s t tests
c Non-normally distributed data presented as median (25th–75th percentile), between-group comparisons made
using a Mann-Whitney U test
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between thyroid and chin (DTC), neck circumference, and
modified Mallampati score were measured using the
methods described in our previous paper [24], also report-
ed by other authors [25, 26]. If the STOP-Bang, consid-
ered as the standard, was indicative of increased risk of
severe OSA according to previously reported thresholds
(≥5), the patient was referred by the anesthesiologist to a
pre-operative screening of OSA through PSG. Once PSG
had been performed, the apnea-hypopnea index (AHI)

was collected. AHI is defined as the number of apnea
and hypopnea per hour and corresponds to OSA syn-
drome severity. An AHI value higher than 5, 15, and
30 events h−1 reflects at least mild, moderate to severe,
and severe OSA, respectively [27].

Monitoring during PSG was achieved using the
DREAM® device (Medatec®, Brussels, Belgium), which
allows continuous recording at a 200-Hz sampling rate of
a five-channel electroencephalogram (EEG), left and

Table 2 Ability of the four scores to predict at least mild, moderate to
severe, and severe OSA (AHI >5, 15, and 30 events h−1, respectively) in
terms of sensitivity (Se), specificity (Sp), positive predictive value (PPV),

negative predictive value (NPV), positive likelihood ratio (+LR), and
negative likelihood ratio (−LR)

STOP-Bang P-SAP OSA50 DES-OSA

Value 95 % CI Value 95 % CI Value 95 % CI Value 95 % CI

AHI >5 Events h−1 Se 0.6792,3 0.596 to 0.572 0.8212,4,6 0.746 to 0.877 0.9333,5,6 0.875 to 0.965 0.5674,5 0.483 to 0.648

Sp 0.625 0.385 to 0.815 0.4384 0.232 to 0.668 0.3135 0.141 to 0.559 0.8754,5 0.625 to 0.975

PPV 0.938 0.899 to 0.977 0.924 0.882 to 0.966 0.919 0.875 to 0.963 0.974 0.949 to 0.999

NPV 0.189 0.126 to 0.252 0.226 0.159 to 0.293 0.357 0.280 to 0.434 0.194 0.131 to 0.257

+LR 1.811 1.617 to 2.005 1.459 1.328 to 1.590 1.357 1.246 to 1.468 4.537 3.896 to 5.178

−LR 0.513 0.433 to 0.593 0.409 0.330 to 0.488 0.215 0.149 to 0.281 0.495 0.415 to 0.575

AHI >15 Events h−1 Se 0.7532,3 0.655 to 0.829 0.8822,4 0.798 to 0.934 0.9463,5 0.876 to 0.979 0.7104,5 0.610 to 0.792

Sp 0.5261,2,3 0.399 to 0.650 0.3512,4,6 0.240 to 0.481 0.1583,5,6 0.084 to 0.277 0.7891,4,5 0.665 to 0.876

PPV 0.722 0.650 to 0.794 0.689 0.615 to 0.763 0.647 0.571 to 0.723 0.846 0.788 to 0.904

NPV 0.566 0.487 to 0.645 0.645 0.568 to 0.722 0.643 0.566 to 0.720 0.625 0.548 to 0.702

+LR 1.589 1.434 to 1.744 1.358 1.246 to 1.470 1.124 1.064 to 1.184 3.371 2.919 to 3.823

−LR 0.470 0.390 to 0.550 0.337 0.261 to 0.413 0.341 0.265 to 0.417 0.368 0.191 to 0.445

AHI >30 Events h−1 Se 0.8102,3 0.694 to 0.888 0.9682 0.884 to 0.997 0.9843 0.906 to 1.000 0.889 0.784 to 0.947

Sp 0.4711,2,3 0.370 to 0.575 0.3332,4,6 0.243 to 0.438 0.1493,5,6 0.089 to 0.241 0.7471,4,5 0.646 to 0.827

PPV 0.526 0.446 to 0.606 0.513 0.433 to 0.593 0.456 0.376 to 0.536 0.718 0.646 to 0.790

NPV 0.774 0.707 to 0.841 0.935 0.896 to 0.974 0.929 0.888 to 0.970 0.903 0.856 to 0.950

+LR 1.531 1.387 to 1.675 1.452 1.322 to 1.582 1.147 1.089 to 1.225 3.515 3.039 to 3.991

−LR 0.404 0.325 to 0.483 0.095 0.048 to 0.142 0.106 0.057 to 0.155 0.149 0.092 to 0.206

Results are givenwith threshold value as defined by their authors (5 for the STOP-Bang score, 4 for the P-SAP score, 5 for the OSA50 score, and 7 for the
DES-OSA score). Results are given with 95 % confidence interval (95 % CI). Mc Nemar test was applied to compare sensitivities and specificities. To
correct for multiple comparisons and to avoid type I errors, the level of statistical significance was set at P = 0.0083 (0.05/6). Significant results
(P < 0.0083) were indicated as follows: B1^ between STOP-Bang and DES-OSA, B2^ between STOP-Bang and P-SAP, B3^ between STOP-Bang
and OSA50, B4^ between DES-OSA and P-SAP, B5^ between DES-OSA and OSA50, and B6^ between OSA50 and P-SAP. The highest values for each
analysis (Se, Sp, PPV, NPV, and +LR) and the lowest values for −LR are indicated in hatched cells

Table 3 Comparison of area under ROC curves (95 % confidence intervals) between the four scores according to their ability to detect at least mild,
moderate to severe, or severe OSA (AHI >5, >15, and >30 events h−1, respectively)

AHI STOP-Bang P-SAP OSA50 DES-OSA

>5 events h−1 Areas under ROC curves (95 % CI) 0.712 (0.595 to 0.828) 0.739 (0.630 to 0.849) 0.626 (0.492 to 0.760) 0.809 (0.719 to 0.899)
>15 events h−1 Areas under ROC curves (95 % CI) 0.713 (0.631 to 0.794) 0.7192 (0.638 to 0.799) 0.6663 (0.580 to 0.753) 0.8272,3 (0.763 to 0.891)
>30 events h−1 Areas under ROC curves (95 % CI) 0.7321 (0.649 to 0.815) 0.7612 (0.681 to 0.841) 0.6593 (0.570 to 0.749) 0.8961,2,3 (0.841 to 0.952)

To correct for multiple comparisons and to avoid type I errors, the level of statistical significance was set at P = 0.0083 (0.05/6). Significant results
(P < 0.0083) are indicated as follows: B1^ between STOP-Bang and DES-OSA, B2^ between DES-OSA and P-SAP, and B3^ between DES-OSA and
OSA50
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right electrooculogram (EOG), electrocardiogram (ECG),
submental electromyogram (EMG), left and right tibial
EMG, thoracic-abdominal movements, nasal air flow,
plethysmographic pulse wave, peripheral blood oxygen
saturation, and snoring sound. Signals were recorded on
a dedicated computer using the Brainnet® for Windows
software (Medatec®, Brussels, Belgium).

The analysis of PSG-recorded data included the deter-
mination of sleep stages according to the Rechtschaffen
and Kales scoring rules [28] on 30-s adjacent epochs.
Periods of arousal were also considered, according to
the American Sleep Disorders Association (ASDA)
[29]. They were defined as longer than 3-s bursts of α
waves occurring in one of the EEG traces (C4-A1) dur-
ing non-rapid eye movement (NREM) sleep or occurring
concomitantly to increased muscle activity during rapid
eye movement (REM) sleep. Criteria for the definition of
apnea and hypopnea were in agreement with the
American Academy of Sleep Medicine (AASM) rules
[30].

Data of all 1584 patients were compiled into a Microsoft
Excel spreadsheet. As indicated above, patients with a STOP-
Bang score higher than 5 underwent a PSG pre-operative
screening, and the AHI recorded during that screening was
collected. If patients had undergone a PSG during the year
before the pre-anesthetic visit, the AHI derived from that
PSGwas collected and patients were not requested to undergo
a new PSG.We ensured that the patient’s BMI remained stable
between the time of PSG completion and the pre-anesthetic
visit. If this was not the case, those PSG data were excluded
from the analysis. The same was applied when patients had
modified their Bage^ criterion in between, changing from less
than to more than 43 years, which impacts on P-SAP calcula-
tion, or changing from less than to more than 50 years, which
impacts on STOP-BANG and OSA50 calculation. Figure 1
illustrates the patient recruitment.

The ability of the four scores to detect at least mild,
moderate to severe, or severe OSA was compared using
sensitivity (Se), specificity (Sp), positive predictive value
(PPV), negative predictive value (NPV), and area under
ROC curve (AUROC) analysis. We also used the
Cohen’s kappa coefficient to assess the degree of concor-
dance between clinical scores and AHI. The kappa value
can be interpreted as follows: <0.20 corresponds to poor
agreement, 0.21 to 0.40 to fair agreement, 0.41 to 0.60 to
moderate agreement, 0.61 to 0.80 to good agreement,
and 0.81 to 1.00 to very good agreement [31]. The Mc
Nemar test was applied to compare the sensitivities and
specificities derived from each OSA-screening score and
a z test to compare AUROC’s [32]. Comparisons of

Cohen’s kappa coefficients were performed using their
95 % CIs. A two-tailed P value <0.05 was considered
statistically significant. Statistics were performed using
XLSTAT for Mac® (version 2016.02) and MedCalc®
(version 15.6.1). Results of calculated statistics are always
presented as value (95 % CI), unless otherwise indicated.

Results

One patient was excluded from data analysis for the rea-
son that he had benefitted from an uvulo-palato-
pharyngoplasty a few years before and had therefore an
unreliable Mallampati score. PSG was performed in 150
patients. Out of these 150 PSGs, 78 had already been
performed shortly before the pre-anesthetic visit and in-
clusion into the study, and 72 were performed following
the visit, according to the results of the STOP-Bang.
Among the 78 patients who had already a PSG, 53 %
had a STOP-Bang <5. Demographic and other character-
istics of the whole sample are reported in Table 1.

Table 2 summarizes the sensitivity-specificity analysis
results. In our pre-surgical patients who underwent
PSG, the highest Se at detecting severe OSA (AHI
>30 events h−1) was obtained for the OSA50 [0.98 (0.9
to 1.00)], and the highest Sp for the same ability was
obtained for the DES-OSA [0.75 (0.65 to 0.83)]. Mc
Nemar testing revealed that DES-OSA was significantly
more specific than the three other scores at detecting an
AHI >30 events h−1 (Table Table 3) and that STOP-Bang
was significantly more specific but less sensitive than P-
SAP and OSA50 in that respect. For the same ability,
DES-OSA had the highest PPV [0.72 (0.65 to 0.79)],
and P-SAP had the highest NPV [0.93 (0.87 to 0.97) and
0.90 (0.71 to 1.00), respectively]. Corresponding highest pos-
itive likelihood ratio was obtained for the DES-OSA [3.51
(3.04 to 3.99)], and lowest negative likelihood ratio was ob-
tained for P-SAP [0.09 (0.05 to 0.14].

The area under ROC curves (AUROC) for the four
scores are summarized in Table Table 3 and displayed in
Fig. 2. The largest AUROC at detecting severe OSA was
the one of DES-OSA [0.9 (0.84 to 0.95)]. z tests revealed
that DES-OSA had a significantly larger AUROC than the
three other scores.

The results of the Cohen’s kappa coefficient to assess
the degree of concordance between clinical scores and
AHI are provided in Table 4. Concordance was signi-
ficantly better between DES-OSA and an AHI value
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indicating moderate to severe or severe OSA (AHI >15
and >30 events h−1, respectively) than the other scores.

STOP-Bang, P-SAP, OSA50, and/or DES-OSA scores
were indicating increased risk of OSA in 16.6, 35.9,
62.7, and 12.6 % of screened patients (n = 1583),
respectively.

Complete results are presented in the digital Appendix.

Discussion and Conclusion

This study compared DES-OSA, STOP-Bang, P-SAP, and
OSA50 scores with regard to their ability to detect OSA
during a pre-operative anesthetic visit in patients with an a
priori increased risk of OSA according to a classically used
clinical score, the main objective being the detection of
severe OSA patients. Our results demonstrate superiority

of DES-OSA at detecting moderate to severe and severe
OSA patients.

The fact that DES-OSA performs best at detecting se-
vere OSA is not surprising, insofar as its development
was intended to detect such [24]. In that respect, DES-
OSA may be considered as a useful tool for detecting
severe OSA patients, that is those with the highest peri-
operative risk of respiratory complications and those
where ambulatory surgery is particularly questionable [1,
14, 33]. Our study presents the advantage of having been
performed in patients originating from a general popula-
tion and presenting for a pre-anesthetic visit. It was not a
selected population with a history of sleep disorders [34]
and is therefore representative of the population anesthe-
siologists encounter most.

Our results indicate that the four studied score (STOP-
Bang, P-SAP, OSA50, and DES-OSA) are efficient at

Table 4 Comparison of Cohen’s kappa coefficients (95 % confidence
intervals) to assess the degree of agreement in their ability to detect at least
mild, moderate to severe, or severe OSA (AHI >5, >15, and

>30 events h−1, respectively). Red cells poor agreement, orange cells
fair agreement, blue cells moderate agreement, green cells good
agreement

AHI STOP-Bang P-SAP OSA50 DES-OSA

> 5 events h
-1

Cohen Kappa 

Coefficient

(95% CI)

0.151

(0.015 to 0.286)

0.183

(0.001 to 0.365)

0.260

(0.034 to 0.598)

0.174

(0.071 to 0.277)

> 15 events h
-1

Cohen Kappa 

Coefficient

(95% CI)

0.283

(0.125 to 0.440)

0.255

(0.104 to 0.406)

0.122

(-0.001 to 0.244)

0.475

(0.336 to 0.614)

> 30 events h
-1

Cohen Kappa 

Coefficient

(95% CI)

0.261

(0.125 to 0.398)

0.269

(0.163 to 0.374)

0.115

(0.042 to 0.189)

0.616

(0.493 to 0.739)

a b c

Fig. 2 Illustrations of ROC curves for the four scores (red lines STOP-Bang, blue lines P-SAP, orange lines OSA50, green lines DES-OSA). Results
concern the ability of the scores to detect at least mild (a), moderate to severe (b), and severe (c) OSA. AHI apnea-hypopnea index (events h−1)
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detecting OSA. However, there are significant between-
score differences. All of them have the advantage of
being fast to perform and easy to implement for the
practitioner. The DES-OSA score has the added benefit
of using morphological characteristics only; most of
which are routinely collected during the pre-operative
visit in some centers. DES-OSA has the best predictive
ability for severe OSA because it has the highest speci-
ficity combined with a good sensitivity. DES-OSA has
also the highest positive predictive value and positive
likelihood ratio in that respect, while P-SAP and
OSA50 have the highest negative predictive value and
the lowest negative likelihood ratio. The AUROC was
significantly larger for DES-OSA than the three other
scores at detecting severe OSA. The Cohen’s kappa co-
efficient analyses demonstrate that DES-OSA has moder-
ate agreement at detecting at least moderate OSA and
good agreement at detecting severe OSA, while the other
scores have poor to fair agreement.

Our study corroborates our initial hypothesis that
DES-OSA performs better than the three other scores
in the detection of severe OSA. The reasons for better
performance may reside in the fact that DES-OSA was
initially designed to detect such and that it does not
depend on patients’ response to questioning. This is in
accordance with the findings of Nunes et al., who re-
ported that the clinical characteristics of OSA and the
responses given to items of screening questionnaires can
be affected by the underlying cause of hospitalization
(coronary artery bypass grafting or abdominal surgery)
[35]. Although this has not been specifically studied in
this study, such bias is probably not a concern when
using an exclusively morphological score.

This study also validates the DES-OSA score in a
different population than the one from which it was
built. Despite populations of different origin, sensitivi-
ties and specificities of the DES-OSA reveal similarities
in both [24]. It could be used for mass screening, in
particular in susceptible population such as obese
patients.

Our study has a few limitations. The first lies in the fact
that our morphological DES-OSA score was developed in a
European population and is here validated again in a
European population. Ethnic factors may influence apnea
mechanisms and incidence [36]. A validation of DES-OSA
in another ethnic population could be necessary before
employing it worldwide. The second corresponds to the
low proportion of patients having completed the PSG
(30.2 %). However, this percentage is in accordance with
previous studies dealing with pre-operative OSA screening

[21]. Finally, except for patients with previously available
PSG data, PSG was performed only in patients with a pos-
itive STOP-Bang score, omitting the information given by
the other scores. This may have biased our results in favor
of the STOP-Bang score. Indeed, according to recommended
thresholds, P-SAP, OSA50, and/or DES-OSA scores were
indicating increased risk of OSA in 35.9, 62.7, and 12.6 %
of screened patients, respectively. Sending all those patients
to a PSG screening would have overloaded our sleep center
and was not affordable. The only way of overcoming this
limitation would be to perform a prospective screening in an
entire sample of consecutive patients admitted for a pre-
anesthesia evaluation, irrespective of their calculated predic-
tive scores. However, this would limit possible recruitment,
for evident practical reasons. Other authors had the same
limitations in their study [37].

In conclusion, this study allowed comparing the
ability of four OSA screening scores in a surgical pop-
ulation and validate a new score against a largely used
one. Although the ideal score does not exist, DES-
OSA, which is the only morphological and multiple
level-weighted score, appears to be highly reproducible
and to surpass the three other scores in their ability to
predict moderate to severe and severe OSA.
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Table 5 The DES-OSA score

1 point 2 points 3 points
Value

MC II III et IV

DTC (cm) > 6 5 6 < 5

BMI (kg/m) > 28 > 39 > 41

NC (cm) > 37 > 42 > 48

Gender Male

SUM OF THE ABOVE 5 PARAMETERS = DES-OSA SCORE:

MC Mallampati class, DTC distance between thyroid and chin, BMI body mass index, NC neck circumference

Table 6 Statistics observed for multiple threshold values of the STOP-
Bang score in terms of number of true positives (TPs), true negatives
(TNs), false positives (FPs), false negatives (FNs), sensitivity (Se),

specificity (Sp), positive predictive value (PPV), negative predictive val-
ue (NPV), positive likelihood ratio (+LR), and negative likelihood ratio
(−LR) at detecting an AHI >5, >15, and >30 events/h

Th TP
(n)

TN
(n)

FP
(n)

FN
(n)

Sensitivity Specificity PPV NPV +LR −LR

Values 95 % CI Values 95 % CI

Inf Sup Sup Inf

PSG (n = 150) AHI >5 events h−1 0 134 0 16 0 1.000 0.966 1.000 0.000 0.000 0.231 0.893 1.000

1 133 1 15 1 0.993 0.954 1.000 0.063 0.000 0.306 0.899 0.500 1.059 0.119

2 129 4 12 5 0.963 0.913 0.986 0.250 0.099 0.501 0.915 0.444 1.284 0.149

3 122 4 12 12 0.910 0.848 0.949 0.250 0.099 0.501 0.910 0.250 1.214 0.358

4 116 7 9 18 0.866 0.796 0.914 0.438 0.232 0.668 0.928 0.280 1.539 0.307

5 91 10 6 43 0.679 0.596 0.752 0.625 0.385 0.815 0.938 0.189 1.811 0.513

6 61 12 4 73 0.455 0.373 0.540 0.750 0.499 0.901 0.938 0.141 1.821 0.726

7 29 16 0 105 0.216 0.155 0.294 1.000 0.769 1.000 1.000 0.132 +Inf 0.784

8 7 16 0 127 0.052 0.024 0.106 1.000 0.769 1.000 1.000 0.112 +Inf 0.948

AHI
>15 events h−1

0 93 0 57 0 1.000 0.951 1.000 0.000 0.000 0.077 0.620 1.000

1 93 2 55 0 1.000 0.951 1.000 0.035 0.003 0.128 0.628 1.000 1.036 0.000

2 92 8 49 1 0.989 0.935 1.000 0.140 0.071 0.257 0.652 0.889 1.151 0.077

Appendix 1
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Table 6 (continued)

Th TP
(n)

TN
(n)

FP
(n)

FN
(n)

Sensitivity Specificity PPV NPV +LR −LR

Values 95 % CI Values 95 % CI

Inf Sup Sup Inf

3 88 11 46 5 0.946 0.876 0.979 0.193 0.110 0.316 0.657 0.688 1.173 0.279

4 85 17 40 8 0.914 0.836 0.957 0.298 0.195 0.428 0.680 0.680 1.302 0.288

5 70 30 27 23 0.753 0.655 0.829 0.526 0.399 0.650 0.722 0.566 1.589 0.470

6 50 42 15 43 0.538 0.437 0.635 0.737 0.609 0.834 0.769 0.494 2.043 0.627

7 27 55 2 66 0.290 0.208 0.390 0.965 0.872 0.997 0.931 0.455 8.274 0.735

8 6 56 1 87 0.065 0.028 0.137 0.982 0.897 1.000 0.857 0.392 3.677 0.952

AHI
>30 events h−1

0 63 0 87 0 1.000 0.929 1.000 0.000 0.000 0.052 0.420 1.000

1 63 2 85 0 1.000 0.929 1.000 0.023 0.002 0.086 0.426 1.000 1.024 0.000

2 63 9 78 0 1.000 0.929 1.000 0.103 0.054 0.188 0.447 1.000 1.115 0.000

3 61 14 73 2 0.968 0.884 0.997 0.161 0.098 0.254 0.455 0.875 1.154 0.197

4 59 21 66 4 0.937 0.842 0.979 0.241 0.163 0.342 0.472 0.840 1.234 0.263

5 51 41 46 12 0.810 0.694 0.888 0.471 0.370 0.575 0.526 0.774 1.531 0.404

6 40 62 25 23 0.635 0.511 0.743 0.713 0.609 0.797 0.615 0.729 2.210 0.512

7 23 81 6 40 0.365 0.257 0.489 0.931 0.854 0.970 0.793 0.669 5.294 0.682

8 5 85 2 58 0.079 0.031 0.178 0.977 0.914 0.998 0.714 0.594 3.452 0.942

Table 7 Statistics observed for multiple threshold values of the P-SAP
score in terms of number of true positives (TPs), true negatives (TNs),
false positives (FPs), false negatives (FNs), sensitivity (Se), specificity

(Sp), positive predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (+LR), and negative likelihood ratio (−LR) at
detecting an AHI >5, >15, and >30 events/h

Th TP (n) TN (n) FP (n) FN (n) Sensitivity Specificity PPV NPV +LR −LR

Values 95 % CI Values 95 % CI

Inf Sup Sup Inf

PSG (n = 150) AHI >5 events h−1 0 134 0 16 0 1.000 0.966 1.000 0.000 0.000 0.231 0.893 1.000
1 134 2 14 0 1.000 0.966 1.000 0.125 0.025 0.375 0.905 1.000 1.143 0.000
2 129 4 12 5 0.963 0.913 0.986 0.250 0.099 0.501 0.915 0.444 1.284 0.149
3 124 6 10 10 0.925 0.866 0.960 0.375 0.185 0.615 0.925 0.375 1.481 0.199
4 110 7 9 24 0.821 0.746 0.877 0.438 0.232 0.668 0.924 0.226 1.459 0.409
5 93 11 5 41 0.694 0.611 0.766 0.688 0.441 0.859 0.949 0.212 2.221 0.445
6 62 13 3 72 0.463 0.381 0.547 0.813 0.560 0.940 0.954 0.153 2.468 0.661
7 20 16 0 114 0.149 0.098 0.220 1.000 0.769 1.000 1.000 0.123 +Inf 0.851
8 6 16 0 128 0.045 0.019 0.097 1.000 0.769 1.000 1.000 0.111 +Inf 0.955
9 1 16 0 133 0.007 0.000 0.046 1.000 0.769 1.000 1.000 0.107 +Inf 0.993

AHI >15 events h−1 0 93 0 57 0 1.000 0.951 1.000 0.000 0.000 0.077 0.620 1.000
1 93 2 55 0 1.000 0.951 1.000 0.035 0.003 0.128 0.628 1.000 1.036 0.000
2 93 9 48 0 1.000 0.951 1.000 0.158 0.084 0.277 0.660 1.000 1.188 0.000
3 91 14 43 2 0.978 0.919 0.998 0.246 0.152 0.373 0.679 0.875 1.297 0.088
4 82 20 37 11 0.882 0.798 0.934 0.351 0.240 0.481 0.689 0.645 1.358 0.337
5 72 31 26 21 0.774 0.678 0.848 0.544 0.416 0.666 0.735 0.596 1.697 0.415
6 51 43 14 42 0.548 0.447 0.645 0.754 0.627 0.848 0.785 0.506 2.233 0.599
7 17 54 3 76 0.183 0.117 0.275 0.947 0.849 0.987 0.850 0.415 3.473 0.863
8 6 57 0 87 0.065 0.028 0.137 1.000 0.923 1.000 1.000 0.396 +Inf 0.935
9 1 57 0 92 0.011 0.000 0.065 1.000 0.923 1.000 1.000 0.383 +Inf 0.989

AHI >30 events h−1 0 63 0 87 0 1.000 0.929 1.000 0.000 0.000 0.052 0.420 1.000
1 63 2 85 0 1.000 0.929 1.000 0.023 0.002 0.086 0.426 1.000 1.024 0.000
2 63 9 78 0 1.000 0.929 1.000 0.103 0.054 0.188 0.447 1.000 1.115 0.000
3 63 16 71 0 1.000 0.929 1.000 0.184 0.116 0.280 0.470 1.000 1.225 0.000
4 61 29 58 2 0.968 0.884 0.997 0.333 0.243 0.438 0.513 0.935 1.452 0.095
5 55 44 43 8 0.873 0.765 0.936 0.506 0.403 0.608 0.561 0.846 1.766 0.251
6 41 63 24 22 0.651 0.527 0.757 0.724 0.621 0.807 0.631 0.741 2.359 0.482
7 15 82 5 48 0.238 0.150 0.358 0.943 0.868 0.978 0.750 0.631 4.143 0.808
8 5 86 1 58 0.079 0.031 0.178 0.989 0.930 1.000 0.833 0.597 6.905 0.931
9 1 87 0 62 0.016 0.000 0.094 1.000 0.948 1.000 1.000 0.584 +Inf 0.984
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Table 8 Statistics observed for multiple threshold values of the OSA50
score in terms of number of true positives (TPs), true negatives (TNs),
false positives (FPs), false negatives (FNs), sensitivity (Se), specificity

(Sp), positive predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (+LR), and negative likelihood ratio (−LR) at
detecting an AHI >5, >15, and >30 events/h

Th TP
(n)

TN
(n)

FP
(n)

FN
(n)

Sensitivity Specificity PPV NPV +LR −LR

Values 95 % CI Values 95 % CI

Inf Sup Sup Inf

PSG (n = 150) AHI >5 events h−1 0 134 0 16 0 1.000 0.966 1.000 0.000 0.000 0.231 0.893 1.000

2 134 1 15 0 1.000 0.966 1.000 0.063 0.000 0.306 0.899 1.000 1.067 0.000

3 132 2 14 2 0.985 0.943 0.999 0.125 0.025 0.375 0.904 0.500 1.126 0.119

5 125 5 11 9 0.933 0.875 0.965 0.313 0.141 0.559 0.919 0.357 1.357 0.215

6 106 6 10 28 0.791 0.714 0.851 0.375 0.185 0.615 0.914 0.176 1.266 0.557

7 101 6 10 33 0.754 0.674 0.819 0.375 0.185 0.615 0.910 0.154 1.206 0.657

8 86 8 8 48 0.642 0.557 0.718 0.500 0.281 0.719 0.915 0.143 1.284 0.716

10 43 13 3 91 0.321 0.248 0.404 0.813 0.560 0.940 0.935 0.125 1.711 0.836

AHI
>15 events h−1

0 93 0 57 0 1.000 0.951 1.000 0.000 0.000 0.077 0.620 1.000

2 93 1 56 0 1.000 0.951 1.000 0.018 0.000 0.103 0.624 1.000 1.018 0.000

3 92 3 54 1 0.989 0.935 1.000 0.053 0.013 0.151 0.630 0.750 1.044 0.204

5 88 9 48 5 0.946 0.876 0.979 0.158 0.084 0.277 0.647 0.643 1.124 0.341

6 78 19 38 15 0.839 0.749 0.900 0.333 0.225 0.463 0.672 0.559 1.258 0.484

7 77 23 34 16 0.828 0.737 0.892 0.404 0.286 0.533 0.694 0.590 1.388 0.426

8 66 29 28 27 0.710 0.610 0.792 0.509 0.383 0.634 0.702 0.518 1.445 0.571

10 37 48 9 56 0.398 0.304 0.500 0.842 0.723 0.916 0.804 0.462 2.520 0.715

AHI
>30 events h−1

0 63 0 87 0 1.000 0.929 1.000 0.000 0.000 0.052 0.420 1.000

2 63 1 86 0 1.000 0.929 1.000 0.011 0.000 0.070 0.423 1.000 1.012 0.000

3 63 4 83 0 1.000 0.929 1.000 0.046 0.015 0.117 0.432 1.000 1.048 0.000

5 62 13 74 1 0.984 0.906 1.000 0.149 0.089 0.241 0.456 0.929 1.157 0.106

6 56 27 60 7 0.889 0.784 0.947 0.310 0.223 0.414 0.483 0.794 1.289 0.358

7 55 31 56 8 0.873 0.765 0.936 0.356 0.264 0.461 0.495 0.795 1.356 0.356

8 47 40 47 16 0.746 0.625 0.837 0.460 0.359 0.564 0.500 0.714 1.381 0.552

10 27 68 19 36 0.429 0.314 0.551 0.782 0.683 0.856 0.587 0.654 1.962 0.731

Table 9 Statistics observed for multiple threshold values of the DES-
OSA score in terms of number of true positives (TPs), true negatives
(TNs), false positives (FPs), false negatives (FNs), sensitivity (Se),

specificity (Sp), positive predictive value (PPV), negative predictive val-
ue (NPV), positive likelihood ratio (+LR), and negative likelihood ratio
(−LR) at detecting an AHI >5, >15, and >30 events/h

Th TP
(n)

TN
(n)

FP
(n)

FN
(n)

Sensitivity Specificity PPV NPV +LR −LR

Values 95 % CI Values 95 % CI

Inf Sup Sup Inf

PSG
(n = 150)

AHI >5 events h−1 1 134 0 16 0 1.000 0.966 1.000 0.000 0.000 0.231 0.893 1.000

2 130 2 14 4 0.970 0.922 0.991 0.125 0.025 0.375 0.903 0.333 1.109 0.239

3 129 3 13 5 0.963 0.913 0.986 0.188 0.060 0.440 0.908 0.375 1.185 0.199

4 126 5 11 8 0.940 0.884 0.971 0.313 0.141 0.559 0.920 0.385 1.368 0.191

5 115 8 8 19 0.858 0.788 0.908 0.500 0.281 0.719 0.935 0.296 1.716 0.284

6 94 13 3 40 0.701 0.619 0.772 0.813 0.560 0.940 0.969 0.245 3.741 0.367

7 76 14 2 58 0.567 0.483 0.648 0.875 0.625 0.975 0.974 0.194 4.537 0.495

8 41 16 0 93 0.306 0.234 0.389 1.000 0.769 1.000 1.000 0.147 +Inf 0.694

9 17 16 0 117 0.127 0.080 0.195 1.000 0.769 1.000 1.000 0.120 +Inf 0.873

10 8 16 0 126 0.060 0.029 0.116 1.000 0.769 1.000 1.000 0.113 +Inf 0.940
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Table 9 (continued)

Th TP
(n)

TN
(n)

FP
(n)

FN
(n)

Sensitivity Specificity PPV NPV +LR −LR

Values 95 % CI Values 95 % CI

Inf Sup Sup Inf

11 7 16 0 127 0.052 0.024 0.106 1.000 0.769 1.000 1.000 0.112 +Inf 0.948

12 2 16 0 132 0.015 0.001 0.057 1.000 0.769 1.000 1.000 0.108 +Inf 0.985

AHI
>15 events h−1

1 93 0 57 0 1.000 0.951 1.000 0.000 0.000 0.077 0.620 1.000

2 92 5 52 1 0.989 0.935 1.000 0.088 0.035 0.195 0.639 0.833 1.084 0.123

3 92 7 50 1 0.989 0.935 1.000 0.123 0.059 0.237 0.648 0.875 1.128 0.088

4 92 12 45 1 0.989 0.935 1.000 0.211 0.124 0.335 0.672 0.923 1.253 0.051

5 87 21 36 6 0.935 0.863 0.972 0.368 0.255 0.499 0.707 0.778 1.481 0.175

6 76 36 21 17 0.817 0.725 0.883 0.632 0.501 0.745 0.784 0.679 2.218 0.289

7 66 45 12 27 0.710 0.610 0.792 0.789 0.665 0.876 0.846 0.625 3.371 0.368

8 40 56 1 53 0.430 0.334 0.532 0.982 0.897 1.000 0.976 0.514 24.516 0.580

9 17 57 0 76 0.183 0.117 0.275 1.000 0.923 1.000 1.000 0.429 +Inf 0.817

10 8 57 0 85 0.086 0.043 0.164 1.000 0.923 1.000 1.000 0.401 +Inf 0.914

11 7 57 0 86 0.075 0.035 0.151 1.000 0.923 1.000 1.000 0.399 +Inf 0.925

12 2 57 0 91 0.022 0.002 0.081 1.000 0.923 1.000 1.000 0.385 +Inf 0.978

AHI
>30 events h−1

1 63 0 87 0 1.000 0.929 1.000 0.000 0.000 0.052 0.420 1.000

2 63 6 81 0 1.000 0.929 1.000 0.069 0.030 0.146 0.438 1.000 1.074 0.000

3 63 8 79 0 1.000 0.929 1.000 0.092 0.046 0.174 0.444 1.000 1.101 0.000

4 63 13 74 0 1.000 0.929 1.000 0.149 0.089 0.241 0.460 1.000 1.176 0.000

5 63 27 60 0 1.000 0.929 1.000 0.310 0.223 0.414 0.512 1.000 1.450 0.000

6 61 51 36 2 0.968 0.884 0.997 0.586 0.481 0.684 0.629 0.962 2.340 0.054

7 56 65 22 7 0.889 0.784 0.947 0.747 0.646 0.827 0.718 0.903 3.515 0.149

8 37 83 4 26 0.587 0.464 0.700 0.954 0.883 0.985 0.902 0.761 12.774 0.433

9 15 85 2 48 0.238 0.150 0.358 0.977 0.914 0.998 0.882 0.639 10.357 0.780

10 7 86 1 56 0.111 0.053 0.216 0.989 0.930 1.000 0.875 0.606 9.667 0.899

11 6 86 1 57 0.095 0.042 0.197 0.989 0.930 1.000 0.857 0.601 8.286 0.915

12 2 87 0 61 0.032 0.003 0.116 1.000 0.948 1.000 1.000 0.588 +Inf 0.968

Table 10 Comparison of sensibilities and specificities of the four scores at predicting an AHI value >5, >15, and >30 events/h (at least mild, moderate
to severe, and severe OSA, respectively) using the Mc Nemar test

STOP-Bang P-SAP OSA50 DES-OSA

PSG (n = 150) Sensitivity (%) AHI >5 events/h STOP-Bang – <0.001* <0.001* 0.022

P-SAP – – 0.001* <0.001*

OSA50 – – – <0.001*

DES-OSA – – – –

AHI >15 events/h STOP-Bang – 0.001* <0.001* 0.433

P-SAP – – 0.058 0.001*

OSA50 – – – <0.001*

DES-OSA – – – –

AHI >30 events/h STOP-Bang – 0.002* 0.001* 0.166

P-SAP – – 0.564 0.059

OSA50 – – – 0.034

DES-OSA – – – –

Specificity (%) AHI >5 events/h STOP-Bang – 0.180 0.025 0.102
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Table 10 (continued)

STOP-Bang P-SAP OSA50 DES-OSA

P-SAP – – 0.317 0.008*

OSA50 – – – 0.003*

DES-OSA – – – –

AHI >15 events/h STOP-Bang – 0.007* <0.001* 0.002*

P-SAP – – 0.002* <0.001*

OSA50 – – – <0.001*

DES-OSA – – – –

AHI >30 events/h STOP-Bang – 0.005* <0.001* <0.001*

P-SAP – – <0.001* <0.001*

OSA50 – – – <0.001*

DES-OSA – – – –

*To correct for multiple comparisons and avoid type I errors, the level of statistical significance was set at P = 0.0083 (0.05/6)

Table 11 Comparison of the areas under ROC curves describing the ability of the four scores at detecting an AHI value >5, >15, and >30 events/h (at
least mild, moderate to severe, and severe OSA, respectively) using a z test

STOP-Bang P-SAP OSA50 DES-OSA

PSG (n = 150) AHI >5 events/h STOP-Bang – 0.587 0.096 0.172

P-SAP – – 0.074 0.294

OSA50 – – – 0.017

DES-OSA – – – –

AHI >15 events/h STOP-Bang – 0.844 0.186 0.009

P-SAP – – 0.262 0.005*

OSA50 – – – 0.002*

DES-OSA – – – –

AHI >30 events/h STOP-Bang – 0.397 0.050 <0.001*

P-SAP – – 0.031 <0.001*

OSA50 – – – <0.001*

DES-OSA – – – –

*To correct for multiple comparisons and to avoid type I errors, the level of statistical significance was set at P = 0.0083 (0.05/6)

Table 12 Percentage of patients with a positive result in each of the four analyzed score

STOP-Bang ≥5 P-SAP ≥4 OSA50 ≥5 DES-OSA ≥7

Among whole population (n = 1583) 16.60 35.92 62.69 12.63

Among patients with a STOP-Bang ≥5 (n = 263) – 94.68 98.10 53.23

Among patients with a P-SAP ≥4 (n = 569) 43.76 – 89.81 31.81

Among patients with a P-SAP ≥5 (n = 993) 25.98 51.46 – 18.73

Among patients with a DES-OSA ≥7 (n = 200) 70.00 90.50 93.00 –
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