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Abstract
Objectives: The main aim has been to examine psychometric properties of STOP-Bang (snoring, tiredness, observed
apnea, high blood pressure, body mass index (BMI), age, neck circumference, male gender) scoring model (Serbian
translation), an obstructive sleep apnea (OSA) screening tool, in a sample of commercial drivers. Material and Methods:
After formal translation, validation was performed on a sample of bus and truck drivers evaluating test-retest reliability,
construct and criterion validity. Overnight polysomnography or cardiorespiratory polygraphy were used for OSA diagnosis purposes. Results: One hundred male participants, 24–62 years old, were included. STOP-Bang classified 69% as
potential OSA patients. Polysomnography identified OSA in 57% of the sample. Test-retest reliability (Cohen’s κ = 0.89)
was adequate. STOP-Bang score was significantly correlated to apnea-hypopnea index (AHI) and OSA severity. Sensitivity was 100% for AHI ≥ 15, highest specificity was 53.5% (AHI ≥ 5). Conclusions: STOP-Bang showed good measurement properties, supporting its further use in OSA screening of commercial drivers. Int J Occup Med Environ
Health 2016;30(5):751–761
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INTRODUCTION
Obstructive sleep apnea (OSA) is a common chronic disorder defined by characteristic signs and symptoms (daytime sleepiness, loud snoring, witnessed breathing pauses
or awakenings) in the presence of at least 5 obstructive
respiratory events per hour of sleep [1].
Estimated prevalence of moderate to severe OSA in
the adult population is 13% in men and 6% in women [2],
but it is believed to be significantly higher (25–50%) in
the population of commercial drivers [3–5]. If not diagnosed or treated, OSA may cause or aggravate cardiovascular, metabolic and psychiatric disorders [6–9], as well
as all cause mortality and mortality from coronary artery
disease [10,11]. There is strong evidence linking OSA and
permanent impairment of cognitive functions, including
attention, executive functions and psychomotor speed and
coordination [12].
Drivers of motor vehicles, especially commercial drivers
are considered to be a population in high risk of OSA, with
a 2- to 5‑fold greater risk of traffic accidents and a 3–5 time
stronger chance of personal injury [1,3,4,13,14]. The gravity
of this problem has been recently recognized by regulatory
authorities in the European Union (EU), so a new direc
tive 2014/85/EU [15] regulating OSA and fitness to drive
for amateur and commercial drivers has been adopted. Major implication of this directive is that all drivers must be
screened for OSA risk, drivers in high risk of moderate and
severe OSA must be examined, and drivers with diagnosed
OSA must receive regular treatment and follow-up [15].
The gold standard for OSA diagnosis is an overnight attended complete polysomnography (type I PSG), but
the procedure is time-consuming and expensive, and
capacities of diagnostic facilities are limited. There is
a strong demand for a good OSA screening tool that may
help physicians determine who among their patients needs
to be sent to a sleep clinic first. Use of self-reported questionnaires is a preferred initial step in clinical and research
settings [16,17].
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Epworth sleepiness scale is used for detecting levels of
possible sleepiness (scale: 0–3) in 8 different situations.
Epworth sleepiness scale (ESS) score ≥ 10 is considered
significant [18]. It is widely used, but the real value for patients with OSA is still not clear, since many of them do
not have or do not recognize excessive sleepiness [19].
STOP-Bang (snoring, tiredness, observed apnea, high
blood pressure, body mass index (BMI), age, neck circumference, and male gender) questionnaire is an 8-item check
list with yes/no answers created to screen surgical patients
for risk of OSA. Patients with 3 or more positive answers
are considered high risk [20]. STOP-Bang has been primarily used for prediction of OSA-related perioperative risks,
but also for OSA screening in community settings [21], for
patients with progressive chronic diseases such as multiple
sclerosis [22] or kidney failure [23], for army veterans [24],
and patients referred to sleep clinics [25].
Usefulness of questionnaires is of special interest in occupational health screening of high risk groups such as
commercial drivers. Several studies have confirmed that
commercial drivers underreport sleep disorder symptoms,
like excessive daytime sleepiness [26], in order to avoid
potential economic and occupational consequences [27].
STOP-Bang has been used [28–30] and even recommended [31] for screening professional drivers, but the psychometric properties in this high risk population have rarely
been reported [28].
The main aim of our study has been to validate a STOPBang scoring model (formal Serbian translation) in a sample of commercial drivers in order to test its usefulness in
occupational health screening for OSA.
MATERIAL AND METHODS
Translation study
After obtaining permission from the author, we performed
the translation and cross cultural adaptation of STOPBang questionnaire to Serbian language according to
guidelines by Beaton et al. [32].
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Two forward translations were produced by accredited
medical English translators, not involved in the study.
Backward translation was performed by a professional bilingual translator, native in the English language, blinded
to the original questionnaire. Backward translation was
then compared to the original version, and discussed by
an expert panel of clinicians. Pre-final version was tested
for equivalence of terms with the original on a sample
of 20 bilingual subjects (healthcare workers, undergraduate medical students), and after that, on a sample of 10 patients with untreated obstructive sleep apnea.
Following a cognitive debriefing, a final Serbian version
of the STOP-Bang scoring model was created. A detailed
report on the linguistic validation procedure was sent to
the author of the original questionnaire.
Validation study
Population
One hundred commercial drivers, all male, in the age
range of 24–62 years old, working in several public transportation companies in Belgrade, Serbia were included.
Subjects were a part of a larger study examining sleepiness, presence of OSA and traffic accidents in professional
drivers, which included 396 out of 500 employed drivers
(response rate 79.2%). First 100 drivers that underwent
polysomnography (by random choice) were included in
the validation study. Informed consents were obtained
from all participants. Inclusion criteria were that subjects
had to be employed as commercial drivers in transportation of passengers/goods, previously not diagnosed with
a sleep disorder of any kind, clearly understood the study
protocol and agreed to participate.
Study design
In the first phase, all subjects were approached at bus or
truck depots where they retrieved their vehicles. After
detailed explanation, all subjects completed a generic
questionnaire with questions about their sleep, work and
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life habits, personal and family health history, as well as
the Serbian version of STOP-Bang questionnaire and
Epworth sleepiness scale. In the second phase, subjects
were admitted to the Serbian Institute of Occupational
Health, retested with the same set of questionnaires and
examined by a physician experienced in sleep disorders.
Eighty-nine patients underwent a full night attended
complete polysomnography (PSG) (Type I PSG). Out
of 11 patients who performed full night attended cardiorespiratory polysomnography (modified Type III PSG),
a negative diagnostic result was seen in 2 patients. Since
these studies were performed in attended settings, they
were accepted as diagnostic, with no need for Type I PSG.
Instruments
STOP-Bang questionnaire (SBQ)
The STOP-Bang scoring model consists of 2 parts.
The subjective part is STOP questionnaire with 4 yes/no
questions on perceived presence of loud snoring, excessive daytime tiredness, observed apnea, and treated/untreated high blood pressure. One point is assigned for
each positive answer. The objective part is BANG questionnaire with 4 yes/no questions answered by a dedicated
health worker that examined the patient: is the body mass
index (BMI) higher than 35 kg/m2, is the patient more
than 50 years old, if the measured neck circumference is
more than 40 cm, and if the patient’s gender is male. High
risk for OSA on the STOP-Bang is defined when 3 or more
questions are answered positively [20].
Epworth sleepiness scale (ESS)
The ESS is a self-administered questionnaire for measuring
the presence of excessive daytime sleepiness [18]. The patient needs to rate his/her chances of dozing off in 8 common
daily situations (reading, watching TV, after meal, etc.) on
a scale of 0–3. If the sum of scores is more than 10, a patient
is considered having excessive daytime sleepiness. The ESS
has been previously validated in the Serbian language [33].
IJOMEH 2017;30(5)
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Anthropometric measurements
All measurements were performed in patients wearing
light clothes, without shoes, before the sleep study. Body
weight was measured with digital scale (SE 818, SECA
Germany) with 0.1 kg accuracy, while body height was
measured with portable stadiometer (SE 213, SECA Germany) with 0.1 cm accuracy. Neck, waist and hip circumference were measured using standard non-elastic measuring tape with 0.1 cm accuracy.
Polysomnography
All subjects underwent a single-night attended complete
polysomnography using a type I polysomnography system
(Alice-5 Philips Respironics Inc., Amsterdam, The Netherlands) or single-night attended cardio-respiratory polysomnography using a type 3 polygraphy system (MS-310 Müller & Sebastiani Elektronik GmbH, Ottobrunn, Germany).
Complete polysomnography was performed according to
standard techniques, with concurrent monitoring of the electroencephalogram using frontal, central and occipital leads,
electro-oculogram, chin electro-myogram, flow (by oronasal
thermistor and nasal air pressure transducer), thoracic and
abdominal respiratory effort (induction plethysmography),
oximetry, body position, and leg electro-myogram. Snoring was recorded by a microphone placed on the anterior
neck. Polysomnographic recordings were manually scored
in accordance with the American Academy of Sleep Medicine (AASM) manual of scoring sleep and sleep-associated
events [34]. Cardiorespiratory polygraphy was performed according to standard techniques, with monitoring of the respiratory flow (by oronasal thermistor), thoracic and abdominal
respiratory effort (induction plethysmography belts), oximetry, and body position. Snoring was recorded by an integrated
microphone. Type I and type III PSG were both performed in
hospital sleep lab settings, with continuous video monitoring.
Apnea was defined as a drop in the peak thermal sensor
excursion by 90% or more of baseline, for at least 10 s.
Hypopnea was defined as a nasal pressure signal excur754
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sion drop by ≥ 50% of baseline, with a ≥ 3% oxygen
desaturation or an arousal [34]. Apnea-hypopnea index (AHI), the number of apneas and hypopneas per
hour of sleep, was used for establishing OSA diagnosis and severity. Obstructive sleep apnea was considered mild if AHI was ≥ 5 and < 15/h, moderate if AHI
was ≥ 15 and < 30/h and severe if AHI was ≥ 30/h.
Ethical approval
This study has received ethical approval from the Ethical board of Faculty of Medicine, University of Belgrade,
Serbia. The study has been performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments.
Statistical analysis
The validation included evaluation of test-retest reliability, construct validity and discriminant validity. Test-retest
reliability was assessed with Cohen’s κ coefficient. Discriminant validity was evaluated by comparison of healthy
and OSA subjects.
Data is presented as mean (M) ± standard deviation (SD)
for continuous or N (%) for categorical data. The T-test and
Mann-Whitney U test were used for testing differences between groups. Spearman correlation was used for assessing
relationship between scores. The receiver operating characteristic (ROC) curve and Youden index (J) were used for
determining best cut off value for different OSA severities.
For all scores sensitivity, specificity, positive and negative
predictive values and positive and negative likelihood ratios
were calculated with 95% confidence intervals (CI). All data
was analyzed in SPSS 20.0 (IBM Corp.) statistical package.
All p values less than 0.05 were considered significant.
RESULTS
Characteristics of study population
Out of one hundred subjects, 76 patients were overweight
(BMI > 25 kg/m2) and 35 were obese (BMI > 30 kg/m2).
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Table 1. Demographic and polysomnographic characteristics of the study population – commercial bus and truck male drivers –
according to STOP-Bang risk group
Respondents
Variable
Age [years] (M±SD)
Body mass index (BMI) [kg/m2] (M±SD)
Circumference [cm] (M±SD)
neck
waist
hip
Epworth sleepiness scale (ESS) score (M±SD)
Polysomnography (PSG) parameters (M±SD)
Apnea-hypopnea index (AHI)
AHIsupine
snoring [%]
SatO2 [%] (M±SD)
during time in bed
during sleep (min.)

total
(N = 100)

low risk
(STOP-Bang < 3)
(N = 31)

high risk
(STOP-Bang ≥ 3)
(N = 69)

43.4±10.7
29.0±5.7

36.2±9.5
25.7±3.9

46.6±9.5
30.4±5.8

< 0.001
< 0.001

40.4±3.3
102.2±14.3
104.6±9.4
6.4±4.4

38.0±2.7
94.3±10.6
100.6±6.7
4.5±3.3

41.5±3.3
106.2±14.4
106.6±10.0
7.2±4.6

< 0.001a
< 0.001a
0.004a
0.006a

12.1±15.2
19.1±22.5
7.5±10.7

3.9±3.6
7.6±9.2
3.2±4.9

15.8±16.9
24.4±24.8
9.5±12.0

< 0.001b
< 0.001b
0.001b

95.3±2.0
85.5±10.4

95.8±1.6
88.6±7.6

95.0±2.1
84.1±11.2

0.048b
0.003b

p

STOP-Bang – STOP-Bang questionnaire (snoring, tiredness, observed apnea, blood pressure, body mass index, age, neck circumference, gender).
SatO2 – arterial blood oxygen saturation.
M – mean; SD – standard deviation, min. – minimal value.
a
T-test.
b
Mann Whitney U test.

Most of the patients (71%) were married, with children,
current or ex-smokers (47% and 19%, respectively) that
seldom consume alcohol drinks (75%). Usual health issues were musculoskeletal pain (50%), gastrointestinal
disorders (gastritis, reflux oesophagitis) (38%) and upper
respiratory chronic inflammatory disorders (sinusitis, rhinitis, pharyngitis) (37%). Approximately one-third (34 patients) reported arterial hypertension (HTA), while diabetes mellitus type II was recognized by 8%, and psychiatric
problems by 6% of the participants.
Excessive daytime sleepiness (ESS ≥ 10) was recognized
for 21 drivers, mean ESS score was 6.4 (min. 0, max 19).
STOP-Bang recognized 69 potential OSA patients. Polysomnography revealed presence of OSA (AHI ≥ 5)

in 57% of the subjects. Eleven patients had a moderate
form of OSA and 12 had severe OSA. There was a significant difference in most of the demographic and PSG findings between subjects in high and low risk group according to STOP-Bang. Patients in OSA high risk group were
older, with higher BMI, neck, and waist and hip circumference, with more snoring, higher ESS, AHI, and lower
mean oxygen saturation values (Table 1).
Reliability
In order to test reproducibility of the translated questionnaire, all subjects answered the questionnaires on 2 separate occasions 3–9 months apart: during the initial contact
and before PSG. Time period between the test and retest
IJOMEH 2017;30(5)
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may seem inadequate, but since there were no interventions in-between, and the questionnaire is a screening tool
for a chronic condition (OSA), the level of test-retest reliability was high (Cohen’s κ = 0.89, 95% CI: 0.79–0.98,
p < 0.001). The lower level of agreement was seen on
questions about snoring (Cohen’s κ = 0.80), tiredness (Cohen’s κ = 0.81), self reported elevated blood pressure (Cohen’s κ = 0.85) and the objective BMI (Cohen’s κ = 0.90).
Validity
Epworth sleepiness scale is currently the only formally
translated and validated measure used for OSA screening
available in the Serbian language.
Mean ESS score for subjects without OSA was 5.95
(SD = 3.73), while for subjects with OSA the average
ESS was 6.67 (SD = 5.83). Eight out of 12 drivers with
severe OSA did not report excessive daytime sleepiness.
Although we found no significant difference in ESS score
between patients with or without OSA (p = 0.706), there
was a positive relationship between the ESS score (0–24)
and the STOP-Bang score (value 0–8). Spearman’s ρ coefficient was ρ = 0.157 (p = 0.009).

The gold standard for diagnosis of OSA is overnight polysomnography. We correlated the SBQ score to AHI and
analyzed if the recommended STOP-Bang score of 3 and
more indicated presence of OSA. Use of STOP-Bang
questionnaire revealed 69 subjects in high risk for OSA,
while the PSG confirmed OSA in 49 of them (71%). In
the low risk group, 23 subjects (74.2%) were correctly
identified as subjects without OSA (AHI < 5). STOPBang questionnaire ≥ 3 recognized all patients with severe OSA, but also misclassified 20 patients without OSA
as high risk subjects. There was a significant correlation
between SBQ score and AHI (ρ = 0.667, p < 0.001).
The predictive parameters (sensitivity, specificity, positive and negative predictive value, positive and negative
likelihood ratio) of SBQ for subjects with different OSA
categories are shown in the Table 2.
Best STOP-Bang cut-off value for moderate OSA was
between 4 (sensitivity 91%, specificity 75.3%, J = 0.663)
and 5 (sensitivity 74%, specificity 90.9%, J = 0.649). For
severe OSA (AHI ≥ 30), 4 out of 8 positive answers yielded the best sensitivity (91.7%) and specificity (67%) with
Youden index of 0.587 (Figure 1).
b)
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1.0
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Fig. 1. Receiver operating characteristic (ROC) curves of STOP-Bang questionnaire using a) apnea-hypopnea index (AHI) ≥ 15
or b) AHI ≥ 30 cut-off value in study population – commercial bus and truck male drivers
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Table 2. Predictive parameters of STOP-Bang questionnaire ≥ 3 score for identifying obstructive sleep apnea (OSA)
in study population – commercial bus and truck male drivers
Parameter
Apnea-hypopnea index (AHI) ≥ 5
sensitivity [%]
specificity [%]
likehood ratio
positive
negative
predictive value [%]
positive (PPV)
negative (NPV)
area under the ROC curve (AUC)
Apnea-hypopnea index (AHI) ≥ 15
sensitivity [%]
specificity [%]
likehood ratio
positive
negative
predictive value [%]
positive (PPV)
negative (NPV)
area under the ROC curve (AUC)
Apnea-hypopnea index (AHI) ≥ 30
sensitivity [%]
specificity [%]
likehood ratio
positive
negative
predictive value [%]
positive (PPV)
negative (NPV)
area under the ROC curve (AUC)

M

95% CI

86.000
53.500

74.200–93.700
37.700–68.800

1.850
0.260

1.320–2.590
0.130–0.530

71.000
74.200
0.804

58.800–81.300
55.400–88.100
0.720–0.888

100.000
40.300

85.100–100.000
29.200–52.100

1.670
0.000

1.390–2.010

33.300
100.000
0.916

22.400–45.700
88.700–100.000
0.855–0.976

100.000
35.200

73.300–100.000
25.300–46.100

1.540
0.000
17.400
100.000
0.862

1.320–1.800

9.300–28.400
88.700–100.000
0.768–0.957

ROC – receiver operating characteristic.
M – mean; CI – confidence interval.

DISCUSSION
The main aim of this study has been to explore psychometric properties of STOP-Bang scoring model (Serbian
translation) in a sample of commercial drivers.
Test-retest reliability was adequate (Cohen’s κ = 0.89), in
line with the validation studies for other languages [35]. We

used the ESS score for testing construct validity of STOPBang, and found a significant correlation between results. Mean ESS scores for subjects with or without OSA
were approximately 6.7 and 6.0, respectively. One-third of
the subjects with severe OSA did not report excessive daytime sleepiness. Low ESS was found also in other studies of
IJOMEH 2017;30(5)
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commercial drivers [29,36]. Kales et al. in their review paper [37] presented some of the potential explanations why
commercial drivers rarely report excessive sleepiness when
screened for OSA.
Considering the STOP-Bang, sensitivity reached 100% for
AHI ≥ 15, but the highest specificity was 53.5 for AHI ≥ 5.
Positive predictive value (PPV) was 71% for AHI ≥ 5,
compared to only 17.4% for AHI ≥ 30. In previous studies, sensitivity and specificity of STOP-Bang questionnaire
were evaluated in different population samples, ranging
from general population, primary health care patients,
to surgical patients, patients with chronic conditions and
patients referred to sleep clinics. Performance of STOPBang was initially evaluated for surgical patients [20] in
comparison to Type I PSG, using 3 AHI cut-offs. With
a STOP-Bang score ≥ 3, sensitivities were 83.6%, 92.9%,
and 100%, respectively, while the highest specificity (56.4%) and PPV (81%) was at AHI ≥ 5.
Silva et al. [21] compared several questionnaires against
type III PSG in a large community sample (4770 participants of the Sleep Heart Health Study) and concluded
that STOP-Bang had the highest sensitivity in identifying
subjects with moderate and severe OSA (87% and 70.4%,
respectively), with moderate specificity (43.3% and 59.5%,
respectively).
In primary health care patients, using the AHI > 5 as diagnostic for OSA, STOP-Bang showed sensitivity of 96.4%,
with specificity of 24% and a positive predictive value
of 66% [38]. Validation for patients with chronic and endstage renal disease showed very high sensitivity and low
specificity for moderate and severe OSA [23].
STOP-Bang questionnaire was extensively tested for patients referred on suspicion of sleep disorder with different
outcomes [35,39–42]. Similar to our results, validation of
STOP-Bang in the Portuguese language [35] yielded high
sensitivity in all 3 AHI cut-offs, with the highest PPV at
AHI > 5 cut-off. Comparison of several standard questionnaires in sleep clinic settings in Egypt [41], Canada [39]
758
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and Greece [42] found that STOP-Bang had very high sen
sitivity for all AHI cut-offs, with a low specificity. Best sensitivity, specificity and PPV were at AHI > 5 in Egyptian
and Canadian study, and at AHI > 15 in the Greek study.
Some researchers experimented with various STOP-Bang
cut-off scores. In our study, best sensitivity and specificity
were seen at 4 or 5 positive answers for moderate OSA,
and 4 answers for severe OSA. In a study performed in
army veterans [24], raising the STOP-Bang score from 3
to 5 led to slight decrease in sensitivity, increase in specificity and PPV in screening for moderate OSA. Cowan
et al. found that for AHI > 5 and AHI > 15 cut-off, the
best overall accuracy and PPV was at STOP-Bang of 3 or
6 [40]. Validation of Portuguese STOP-Bang showed that
for AHI > 5 best cut-off was at three, and for higher AHI
categories at 4 correct answers [35].
Ozder et al. [30] used ESS and STOP-Bang as screening
tools in the population of 618 bus drivers in Turkey, and
found high OSA risk in 71.5%, while 48.1% had excessive sleepiness. There was a positive correlation between
sleepiness and OSA risk and sleepiness and reported traffic accidents, but no significant relationship between OSA
risk and accidents. In a similar study performed in Lagos,
Nigeria [29], STOP-Bang classified 48.8% of bus drivers as
high risk, while ESS recognized 14.4% as sleepy drivers.
Unfortunately, neither of the study protocols included PSG or other objective methods for confirming OSA
diagnosis. In an another study performed in a sample of
highway bus drivers in Turkey, Firat et al. [28] tested sensitivity and specificity of several questionnaires, including STOP-Bang, by comparing the questionnaire results
with daytime polysomnography (performed after night
shift). Using the AHI > 15/h cut off, STOP-Bang had
an 87% sensitivity with 47.7% specificity. Their sample of
drivers is very similar to our sample, considering gender,
average BMI, neck circumference and even mean AHI.
Reported sensitivity and specificity are lower than in our
sample of drivers for AHI > 15 cut-off. Also, they reported
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negative predictive value of 76%, while in our study negative predictive value (NPV) reached 100% for moderate
and severe OSA.
In our study, STOP-Bang showed 100% sensitivity
at AHI > 15 using the 3 positive answers cut-off, so this
questionnaire may be used as a good screening tool, since
the negative result would practically rule out presence of
moderate and severe OSA, as required by the EU directive 2014/85/EU [15]. On the other hand, low specificity
could lead to sending many false positive subjects to PSG,
creating a strong pressure on limited capacities of sleep
clinics. Receiver operating characteristic analysis has
shown that using the 4 positive answers cut-off could probably provide a better overall accuracy for moderate and
severe OSA in our target population.
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