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Abstract
Background: The aim of this study was to validate the predictive value of the questionnaire "STOP BANG" in the detection of obstructive sleep apnea syndrome syndrome (OSAS) and to identify patients at high risk of OSASS in anesthesia
consultation in North African population.
Methods: Prospective clinical study, consecutive, about 759 patients proposed for elective surgery and enjoying a remote
anesthesia consultation in H. Bourguiba hospital in Sfax, Tunisia. Included patients answered the questionnaire "STOP
BANG". Patients with a score below 3 are considered low risk and represent the group (1). Patients with a score greater
than or equal to 3 are considered high risk and represented the group (2). All patients were investigated by ventilator polygraphy to confirm the diagnosis of obstructive apnea syndrome. The apnea hypopnea index (AHI) greater than or equal to
5 confirmed the diagnosis of OSAS.
Results: One hundred and fifty patients were included in the study. 41 patients had low risk of OSAS and represented the
group (1) and 27.33% of included patients. 109 patients had high risk of OSAS and represented the group (2) and 72.66%
of included patients. The diagnosis of OSAS was confirmed among 127 patients including 99 in the group (1) and 28 in
the group (2). In our study results showed that the sensitivity of the score STOP BANG questionnaire was to the order
of 87.1%, specificity was 47.8%, with positive and negative predictive values 90% and 40.74 respectively. The sensitivity of
the questionnaire increased significantly with increasing AHI, it was 91.3% for IAH ≥ 15/H and 93.9% for AHI ≥ 30/H.
Similarly, the predictive negative value of the questionnaire increased parallel with the increase in the AHI, it was 70.37%
for AHI ≥ 15/H and 88.9% for AHI ≥ 30/H.
Conclusion: The sensitivity, specificity, positive and negative predictive value vary by IAH and score STOP BANG. These
results show that the STOP BANG questionnaire is a good simple screening tool, easy, particularly suitable for anesthesia
consultation. The questionnaire has excellent sensitivity and specificity to identify patients at high risk of OSAS.
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Background
Obstructive sleep apnea syndrome (OSAS) is a disorder a disorder
characterized by repetitive periods of apnea and hypopnea during
sleep [1]. It’s a common disorder as it affects 3-7% of adult
male and 2-5% of adult female population [2]. OSAS increases
mortality compared with general population [3] and raises the
cardiovascular, respiratory, cerebrovascular and metabolic risk
[4]. In addition, OSAS exposed to anesthetic complications,
such as, difficulty of management of upper airway, difficult
mask ventilation and intubation, postoperative obstruction of

airway and prolongation of hospital stay [5, 6]. The diagnosis
of OSAS remains imperative in patients at risk before general
anesthesia. Polysomnography is the gold standard for confirming
the diagnosis of OSAS [7]. This test is expensive, time consuming
and requires a significant waiting period which may delay surgery.
Faced with these constraints, OSAS screening tool is essential
to limit exploration and screen patients at risk requiring the use
of polysomnography. "STOP BANG" questionnaire, created
in 2008 by the American Society of Anesthesiology (ASA), has
proven effective for screening high-risk patients to develop OSAS
[8]. The predictive performance of the questionnaire clearly
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demonstrated in Western populations, deserves to be validated by
contribution to our own population [9]. It is with this objective
that we are offered a prospective study in anesthesia department
of H. Bourguiba hospital in Sfax, Tunisia.

(apnea hypopnea index); NDI (nocturnal desaturation index);
the average duration of apnea and hypopnea; the average oxygen
saturation; the minimum oxygen saturation; snoring and heart
rate.

Methods

OSA is defined using the criteria of the AASM (American
Academy of Sleep Medicine) by the presence of the criteria A or
B and Criterion C: (A) Excessive daytime sleepiness not explained
by other factors; (B) At least two of the following criteria is
not explained by other factors: severe snoring and daily, feeling
of suffocation or choking during sleep, non-restorative sleep,
daytime fatigue, difficulty concentrating, nycturia (more than
urination by night); (C) polysomnographic criterion or polygraph
AHI ≥ 5 / hour of sleep. The severity of OSAS is based on
two components: (1) The IAH: light if AHI between 5 and 15;
moderate if AHI between 15 and 29 and if severe AHI greater
than 30. (2) Daytime sleepiness (Appendix 1).

This is a clinical study, prospective, consecutive, conducted after
approval of the local ethics committee and informed consent of
all patients. This study included 759 patients proposed for elective
surgery and anesthetic consultation in H. Bourguiba hospital in
Sfax in collaboration with the hospital's pulmonology department
Hedi Chaker on a 6-month period from 1 November 2011 to 1
May 2012 after informed consent.
The objective of this study was to validate the predictive value
of "STOP BANG" questionnaire in screening for obstructive
sleep apnea syndrome and identify patients at high risk of OSAS
in consultation in a Tunisian hospital. The inclusion criteria for
patients: age greater than 18 years; proposed for programmed
urologic surgery, general surgery, cardiovascular and thoracic
surgery, maxillofacial surgery, otorhinolaryngology surgery,
ophthalmology and orthopedic. The exclusion criteria for
patients: age less than 18 years; refusal to participate in the study;
patient already known suffering from OSAS; severe chronic
renal failure, stroke, dementia or Parkinson's syndrome; patients
hospitalized for emergency surgery. Exclusion criteria of patients:
non-compliance with the study protocol; uncooperative patients
and patients lost.
Our study was conducted in two phases: a screening phase to
the anesthesia consultation and the registration phase nocturnal
ventilation during sleep in pulmonology department.
The first OSA screening phase by the questionnaire "STOP
BANG" was held at the anesthesia consultation. During this
phase, 759 patients included were informed of the study protocol.
For each patient we collected the following data including: age,
sex, weight (kg), height (cm) and body mass index (BMI), neck
circumference (cm), the main medical and surgical history and
habits of patients, the criteria for intubation of patients, ASA
classification of patients. In addition, each patient was asked
to respond to an information document containing the STOP
BANG translated questionnaire by the anesthetist. In this
consultation, patients were informed of medical, social and
professional consequences of OSAS, and their informed consent
to participation in the study was taken. These patients were
referred to the pulmonology department at H.Chaker hospital for
ventilatory polygraphy whatever the estimated clinical probability
was.

Statistical analysis was performed with the software: Statistical
Package for Social Sciences (SPSS) for Windows (Version 20.0).
Quantitative variables were expressed as mean ± standard
deviation or median depending on the nature of the distribution.
Categorical variables were expressed as frequencies. For the
comparison of averages, we used the Student's t test or the U
Mann-Whitney test when the normality of distributions is not
respected (non Gaussian distribution) or the size of one of the
groups is low (<10). Categorical variables were analysed by the
Chi 2 test or the Fisher exact test whenever a workforce is low
(<5). Differences between results were considered significant
for P <0.05. For multiple comparisons we used the Bonferroni
correction. The connection between two continuous variables
was tested by Pearson correlation in case of Gaussian distribution
and the Spearman correlation whenever the normality of
distributions is not respected. To determine the various threshold
values, we used the ROC (Receiver Operating Characteristic).
The best threshold value is the value having the best sensitivity
/ specificity ratio. For the multivariate analysis we used binary
logistic regression.

Results
The questionnaire was distributed to 759 consultants. Demographic
characteristics, history and habits were summarized in Table 1.
The screened population was composed of 150 patients divided
according to clinical probability of OSAS estimated through the
"STOP BANG" questionnaire in two groups (Figure 1): a group
(1) consisting of 41 patients (27.33%) in which the likelihood of
OSAS is estimated low and group (2) consisting of 109 patients
(72.66%) in whom the clinical probability of OSAS is estimated
high.

The second phase of the study took place at the pneumology
service H.Chaker in Sfax. The patient is then presented in the
service where it is equipped with a polygraph device recording
his usual bedtime and spends the night in a single room
dedicated exclusively to this type recording. The connection and
disconnection of the device was made by the doctor.

In our study using AHI which qualifies OSAS as light if it is
between 5 and 15 events per hour, moderate if between 15 and 30
events per hour and severe if it is more than 30 events per hour:
23 patients (15%) had a negative screening while 127 patients
(84.6%) had OSAS distributed as follows: 35 (27.5%) Light, 43
(33.8%) moderate and 49 (38.5 %) severe.

Each polygraphy has been automatically analysed and must be
followed by a manual screening conducted by the sleep specialist.
The final interpretation report provides the following data: AHI

Using an AHI greater than 5 as a threshold for the diagnosis of
OSAS, statistical analysis of the results showed that the majority
of diagnosed OSAS were male with a clear predominance of
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Table 1. Characteristics of the Overall Study Population.

Number
Sex (M/F)
Middle age (years)
Middle BMI (kg/m²)
BMI ≥35 (kg/m²)
Hypertension
Diabetes
Tobacco

Total
Screened
759
150
453/306
85/65
49 (18-87) 51 (18-87)
29.47
32.09
42
34
204
64
71
31
162
54

AHI<5/H
23
8/15
54.5 (18-52)
29.80
2
7
10
4

5 ≤ AHI < 15/H 15 ≤ AHI < 30/H
35
43
20/15
27/16
56.4 (18-87)
55.05 (18-81)
32.10
32.95
7
6
13
15
9
7
11
10

AHI ≥ 30/H
49
30/19
67 (33-87)
34.75
19
29
4
29

Figure 1. Distribution of Patients Diagnosed According to Clinical Probability of OSAS Through the Questionnaire "STOP
BANG".
759 patients in anesthesia
consultation

557 patients not included

150 patients included :
screened population

41 patients at low risk of
OSAS: group (1)
hypertensive patients.
Factors significantly associated with OSA are represented by age
over 58 years, body mass index greater than 32 kg/m² and a neck
circumference of greater than 40 cm (Table 2).
Statistical analysis of the screened population showed that the
average score for men was 5.2 while that for women was 3.4. The
maximum score for men was 8 against 7 for women. Snoring and
observed apnea were reported more frequently by men, but the
answers to drowsiness, BMI, age and systemic blood pressure
were similar. The neck circumference was higher in men and AHI
was more severe (Table 3). Taking into account the results of the
polygraph records and according to the distribution of patients
according to their score "STOP BANG", most severe OSAS were
observed with the score 5 (14 cases).
Statistical analysis results showed that the odds of having OSA
were higher when the STOP-Bang score increased. This trend
was not the same in different stages of OSAS. The likelihood of
having severe OSA continues to increase with increasing score
of the questionnaire "STOP BANG", while for the other stages
it decreased.
The results showed that the sensitivity of the score STOP BANG
questionnaire of the order of 87.1%, the specificity was 47.8%,
with positive and negative predictive values 90% and 40.74%
respectively. The sensitivity and the score of the VPN increased

32 patients excluded

109 patients at high risk of
OSAS : group (2)
significantly with increasing AHI, are respectively 91.3% and
70.37% for AHI ≥ 15 / H, 93.9% and 88.9% for AHI ≥ 30 / M
(Table 4).
Statistical analysis of the results showed that the sensitivity,
specificity, PPV and NPV vary by IAH and score STOP BANG
questionnaire. For one score increase to 8 sensitivity decreased
while specificity increased. This trend was the same in the different
stages of OSAS (Table 5).
At the end of the study 49 patients of the population screened
with a positive result of the polygraph recording; 38.5%
were paired before surgery. While the surgical treatment in
otorhinolaryngology department before the procedure was
proposed for 43 patients (33.85%). The lifestyle changes were
suggested for all OSAS severity degrees.

Discussion
The validity of the questionnaire "STOP BANG" in the Western
population prompted to seek the same results in our population.
OSA screening is primarily based on clinical suspicion often
associated with predisposing factors. These elements have been
included in several screening questionnaires. Of these, the
questionnaire "STOP BANG" used in our study [10, 8]. For a
surgical population, ease of use is very important for a screening
tool. "STOP BANG" questionnaire is simple and easy to use
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Table 2. Patient characteristics according to AHI.

Sex (M/F)
Age (years)
BMI (kh/m²)
Hypertension (n)
Neck circumference (cm)
Minimal Sp O2 (%)

AHI < 5/H AHI ≥ 5/H
P
8/15
77/50
0.002
47 ± 12
55 ± 14
0.04
29 ± 6
33 ± 6
0.037
7
57
0.0001
36 ± 3
40 ± 5
0.023
88 ± 8
81 ± 10
0.001

Table 3. Descriptive Statistics of the Population According to the Questionnaire "STOP BANG" and AHI.

Snoring (n)
Dowsiness (n)
Observed respiratory pauses (n)
Hypertension (n)
BMI (kg/m²)
Age (years)
Neck circumference (cm)
Sex (%)
STOP BANG score
AHI (/H)

Total (n=150) Male (n=85)
93
59
133
74
72
51
63
35
32.09
33.4
51
50.1
39 ± 6
42 ± 8
100
56.6
4.3
5.2
33 ± 30
38 ± 30

Female (n=65)
33
59
21
27
35
52
38 ± 4
43.4
3.4
26.5 ± 28

Table 4. Sensitivity, Specificity, PPV and NPV of the Questionnaire "STOP BANG" According to AHI.
IAH
Values (%)
AHI > 5/H
Sensibility
87.1
Specificity
47.8
PPV
90
NPV
40.74
AHI > 15/H
91.3
Sensibility
32.7
Specificity
68.3
PPV
NPV
70.37
AHI > 30/H
Sensibility
93.9
Specificity
24
PPV
37.7
NPV
88.9
features eight questions, filled at least 2 minutes, which makes this
form particularly suitable for anesthesia consultation [8].
Polysomnography considered the "gold standard" for diagnosis
of OSAS is an expensive examination, complex and requires
significant time for recording [11]. Ventilatory polygraphy has
shown its reliability for the positive diagnosis of OSAS with less
cost, shorter time and easier use [12]. In our study, we used the
ventilator polygraphy for the diagnosis of OSAS.
In most previous studies, polygraphy recordings were used to
validate the questionnaires. However, the collection of data was
generally not blinded to the score of the questionnaire [13-16]. In

our study, polygraphy in pulmonology department was used to
evaluate our questionnaire. The staff of this review was blinded
score of the questionnaire "STOP BANG". This practice avoids
the bias rating of the polygraph. Chung et al., have shown, in a
population of 746 patients, sensitivity of the questionnaire which
was around 93% for detection of OSAS and 100% for detecting
moderate and severe OSA [17]. The questionnaire "STOP
BANG" has excellent sensitivity when at least three criteria are
positive: 84% sensitivity for detecting OSA with an AHI greater
than 5 and 93% for OSAS with an AHI greater than 15. However,
this questionnaire has poor specificity (50%) [8]. In our study the
sensitivity of the score STOP BANG questionnaire was to the
order of 87.1%, specificity was 47.8%, with positive and negative
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Table 5. Sensitivity, Specificity, PPV and NPV According to AHI and the Score of the Questionnaire "STOP BANG".

AHI ≥ 5/H
1
2
3
4
5
6
7
8
AHI ≥ 15/H
1
2
3
4
5
6
7
8
AHI ≥ 30/H
1
2
3
4
5
6
7
8

Sensibility (%)

Specificity (%)

83
62
54
44
32.2
16.22
9.7
3.5

40
45
73
83
90
90.9
95.6
100

62
62.5
82
90
93.7
90
92
100

66
45
40
30
22.12
17.7
16.5
15.7

100
62.5
60
50
39.4
20
11.2
3.26

37.7
42
63
73
83.6
90.7
94.7
98.3

37.5
31.2
52
64.5
76.5
75
76.9
75

100
72.7
70.3
60
50.6
43.36
40.6
39.04

100
66.6
57.1
56
48
24.3
12.7
4

30
41.6
55.8
66.1
79.27
89.13
92.9
98.02

12.5
12.5
17.4
29
46.8
50
46.15
50

100
90.9
88.9
86
80.25
72.57
69.17
67.8

predictive value (NPV) 90% and 40.74% respectively. The
sensitivity and the score of the NPV increased significantly with
increasing AHI, are respectively 91.3% and 70.37% for AHI ≥ 15
/ H, 93.9% and 88.9% for AHI ≥ 30 / H. While the specificity
decreased significantly with increasing AHI, it is 32.7% for AHI
≥ 15 / M and 24% for AHI ≥ 30 / H.
Recent studies have shown that, along with the increase of the
score "STOP BANG", there was a corresponding increase in
the likelihood of having OSA and this for different stages [17].
"STOP BANG" questionnaire was validated in two studies in
patients referred to sleep centers [18, 19]. Farney showed that
this questionnaire can be used to estimate the probabilities of the
various stages of OSAS, mostly in severe cases [18]. In our study
the probabilities of having a OSAS were higher when the score
of the questionnaire "STOP BANG" has increased. This trend
was not the same in different stages of OSAS. With a score ≥
4, the probability of having severe OSAS increases continuously,
whereas for the other stages it decreased. In the same study, the
probability of severe OSA was 84% with a score of 8 [18]. In
our study results also showed similar associations between the
odds of having severe stages and score “STOP BANG”. For a
score of 8, the probability was 74%. This lower value may be
due to the difference in the population studied, our patients were
preoperative patients. Patients in the study of Faney were referred
to sleep centers that have a high prevalence of severe OSA. A
score of "STOP BANG" greater than or equal to 3 showed a high
sensitivity and good NPV to detect OSAS to moderate and severe
stages, this threshold may be useful in a surgical population with a

PPV (%) NPV (%)

high prevalence of severe OSAS such as bariatric surgery patients
[17]. This eliminates the possibility of severe or moderate OSA
with a score of "STOP BANG" 0 to 2. Our results were consistent
with the literature. With a score ≥ 3 the sensitivity and NPV were
respectively in the moderate stages of 91.3% and 70.37% for
severe stages they were 93.9% and 88.9%. On the other hand,
the scores of 5 to 8 have a high specificity to detect moderate
and severe OSAS [17]. In our study the specificity increases with
increasing the score with high specificity for scores of 5 to 8 and
this for different stages of OSAS.
STOP BANG questionnaire was presented as a preoperative
evaluation model [8]. The results of this study validate advantage
of the value of this questionnaire as a screening tool in surgical
patients of North African population.

Conclusion
In our study, the results showed that the sensitivity of the
questionnaire was approximately 87.1%, specificity was 47.8%,
with positive and negative predictive values 90% and 40.74%
respectively. The score of the sensitivity increased significantly
with increasing AHI, it was 91.3% for AHI ≥ 15 / H and 93.9%
for AHI ≥ 30 / M. Similarly, the score of the VPN has increased
in parallel with the increase in AHI, it was 70.37% for AHI ≥ 15
/ M and 88.9% for AHI ≥ 30 / H. The sensitivity, specificity,
PPV and NPV vary according to the AHI and the score of the
questionnaire "STOP BANG". This study supports the validity of
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the “STOP BANG” questionnaire and requires a larger number
of patients to better validate this questionnaire in our population.
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