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ABSTRACT

Objective: To validate the Portuguese-language version of the STOP-Bang (acronym for
Snoring, Tiredness, Observed apnea, high blood Pressure, Body mass index, Age, Neck
circumference, and Gender) questionnaire, culturally adapted for use in Brazil, as a means
of screening for obstructive sleep apnea (OSA) in adults. Methods: In this validation
study, we enrolled patients > 18 years of age, recruited between May of 2015 and
November of 2016. All patients completed the STOP-Bang questionnaire and underwent
overnight polysomnography. To evaluate the performance of the questionnaire, we used
contingency tables and areas under the (receiver operating characteristic) curve (AUCs).
Results: We included 456 patients. The mean age was 43.7 + 12.5 years, and 291
(63.8%) of the patients were male. On the basis of the apnea-hypopnea index (AHI),
we categorized OSA as mild/moderate/severe (any OSA; AHI > 5 events/h), moderate/
severe (AHI = 15 events/h), or severe (AHI = 30 events/h). The overall prevalence of OSA
was 78.3%, compared with 52.0%, and 28.5% for moderate/severe and severe OSA,
respectively. The most common score on the STOP-Bang questionnaire was 4 points (n
= 106), followed by 3 points (n = 85) and 5 points (n = 82). An increase in the score was
paralleled by a reduction in sensitivity with a corresponding increase in specificity for all
AHI cut-off points. The AUCs obtained for the identification of any, moderate/severe,
and severe OSA were: 0.743, 0.731, and 0.779, respectively. For any OSA, the score on
the questionnaire (cut-off, > 3 points) presented sensitivity, specificity, and accuracy of
83.5%, 45.5%, and 75.2%, respectively. Conclusions: The STOP-Bang questionnaire
performed adequately for OSA screening, indicating that it could be used as an effective
screening tool for the disorder.

Keywords: Sleep apnea, obstructive/diagnosis; Polysomnography; Diagnostic technigues
and procedures; Surveys and questionnaires.

suspected of having OSA.® To address this issue,
several screening questionnaires and clinical screening

Obstructive sleep apnea (OSA) is the most common
sleep disorder and a major public health problem, affecting
2-4% of the adult population.*? However, due to the
aging of the population® and the obesity epidemic,® the
actual prevalence of OSA might be higher than previously
reported.>”) The signs, symptoms, and consequences of
OSA are a direct result of the disturbances associated with
repetitive upper airway collapse®: sleep fragmentation,
hypoxemia, hypercapnia, marked oscillations in
intrathoracic pressure, and increased sympathetic activity.
Left untreated, OSA limits the ability to perform activities
of daily living, worsens quality of life, compromises
personal safety, and decreases labor productivity, as well
as increasing health care expenditures.G4

The current gold standard for the diagnosis of OSA is
overnight polysomnography in a laboratory. However,
OSA has become so prevalent that the available sleep
laboratories have been overwhelmed. Sleep laboratories
around the world have long waiting lists of patients

models have been developed to help identify patients
with suspected OSA.(1916) The great majority of these
models were developed in other countries, and their
reproducibility in Brazil remains unclear. The use of
practical screening tools will probably translate to a
higher rate of diagnosis and a reduction in costs. That is
especially true for portable diagnostic methods in areas
with limited resources.

The STOP-Bang (acronym for Snoring, Tiredness,
Observed apnea, high blood Pressure, Body mass index,
Age, Neck circumference, and Gender) questionnaire
and its predecessor, the STOP questionnaire, were first
developed and validated for use in surgical patients.*) The
STOP and STOP-Bang are both self-report questionnaires
and consist of 4 and 8 yes/no questions, respectively.
When a cut-off score of > 3 points was used in a sample
of surgical patients, the STOP-Bang questionnaire showed
the following conditional probabilities for the diagnosis
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of OSAU!9: sensitivity of 83.6%, specificity of 56.4%,
a positive predictive value (PPV) of 81.0%, and a
negative predictive value (NPV) of 60.8%.

The population of Brazil includes individuals from
diverse ethnic, racial, and social groups. Given that
the Brazilian population is racially and ethnically
diverse, it could be useful to determine the validity and
performance of the STOP-Bang questionnaire in this
setting. To our knowledge, there have been no studies
determining the reproducibility of this questionnaire in
Brazil. The objective of the present study was to validate
the Portuguese-language version of the STOP-Bang
questionnaire that has been culturally adapted for use
in Brazil®” in patients with suspected OSA who were
submitted to overnight polysomnography.

METHODS

Patient selection

Consecutive outpatients were recruited from among
those referred for overnight polysomnography at two
sleep laboratories in Brazil: one in the city of Goiania
(enrollment from May 2015 to August 2015, n =
229) and one in the city of Rio de Janeiro (enrollment
from October 2016 to November 2016, n = 227).
The study protocol was approved by the Research
Ethics Committees of the Alberto Rassi Hospital, in
Goiania (Protocol no. 752/14), and of the Federal
University of Rio de Janeiro, in Rio de Janeiro (Protocol
no. 1,764,165). All procedures were performed in
accordance with the Declaration of Helsinki, and all
participating patients gave written informed consent.

All clinical and polysomnography data were collected
prospectively. The following inclusion criteria were
applied: being > 18 years of age; not having previously
been diagnosed with OSA; and having been referred to
a sleep laboratory for polysomnography, for any reason.
We excluded patients who had participated in the cultural
adaptation of the STOP-Bang questionnaire,*”) as well
as those who did not complete the questionnaire fully
or correctly and those is whom the polysomnography
was incomplete or technically inadequate.

Application of the STOP-Bang questionnaire

After signing the consent form, the patients
completed the STOP-Bang questionnaire. The four
initial questions—those corresponding to the “STOP”
portion of the questionnaire—were answered by the
patients themselves. The responses to the questions
corresponding to the “Bang” portion of the questionnaire
were collected by the researcher on a standardized
form. Body weight was measured in kilograms, and
height was measured in meters. The body mass
index (BMI) was then calculated as follows: weight in
kilograms divided by height in meters squared (kg/
m?). Neck circumference was measured with a 150-
cm tape measure, whose smallest markings were at
0.01-cm intervals, and was determined at the level
of the cricothyroid membrane.

Sleep studies

All sleep studies were conducted either in Goiania,
on an Alice 5 diagnostic sleep system (Philips
Respironics, Murrysville, PA, USA), or in Rio de
Janeiro, on an EMBLA S7000 digital system (Embla
Systems Inc., Broomfield, CO, USA). The following
were performed: electroencephalography; left and
right electro-oculography; electromyography of
the submental and anterior tibialis muscles; snore
detection; nasal airflow monitoring (with a nasal
cannula); respiratory effort assessment (with the use
of thoracic and abdominal straps); pulse oximetry;
electrocardiography; body position monitoring; and
digital video capture. Polysomnography records were
scored manually and were interpreted in accordance
with existing guidelines,*® which define apnea as a >
90% reduction in airflow for > 10 s and hypopnea as a
> 30% reduction in airflow for > 10 s, accompanied by
desaturation > 3% or an arousal. The apnea-hypopnea
index (AHI) was calculated by determining the total
number of apnea and hypopnea events per hour of
sleep. The diagnosis of OSA was based on an AHI
> 5 events/h. The severity of OSA was classified as
follows: mild/moderate/severe (any OSA; AHI > 5
events/h); moderate/severe (AHI > 15 events/h); or
severe (AHI > 30 events/h). At both sleep laboratories,
the physicians who carried out the polysomnography
examinations were blinded to the STOP-Bang scores.

Statistical analysis

Statistical analysis was performed with the IBM SPSS
Statistics software package, version 23.0 for Windows
(IBM Corporation, Armonk, NY, USA). Continuous
variables are expressed as mean and standard
deviation, whereas categorical (dichotomous) variables
are expressed as absolute and relative frequencies.
Groups were compared with the chi-square-test (for
dichotomous variables), Student'’s t-test and one-way
ANOVA (for normally distributed continuous variables),
or the Mann-Whitney U test and the Kruskal-Wallis test
(for non-normally distributed continuous variables).
Correlations were evaluated by determining Spearman’s
correlation coefficient (r,). The ROC curves and the
areas under the curve (AUCs) were assessed at all
three AHI thresholds (5 events/h, 15 events/h, and
30 events/h). Multivariate tests were used in order
to calculate the odds ratios and their respective 95%
confidence intervals. Using 2 x 2 contingency tables,
we calculated the following conditional probabilities:
sensitivity, specificity, PPV, NPV, accuracy, likelihood
ratios, and odds ratios. The post-test probability of each
STOP-Bang score was calculated by logistic regression.
All statistical tests were two-sided, and values of p <
0.05 were considered statistically significant.

RESULTS

A total of 522 patients were referred for diagnostic
polysomnography. Of those 522 patients, 66 (12.6%)
were excluded, as follows: 50 patients, because
the polysomnography was technically inadequate;
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11 patients, because the STOP-Bang questionnaire
was completed incorrectly; and 5 patients, because
they had previously participated in the cross-cultural
adaptation of the questionnaire. Therefore, the final
study population comprised 456 patients, in two
independent samples: one from Rio de Janeiro (n =
229) and one from Goiania (n = 227). As can be seen
in Table 1, 63.8% of the patients were male, the mean
age was 43.7 £ 12.5 years, the mean BMI was 32.1
+ 7.8 kg/m?, and the mean neck circumference was
40.8 £ 4.3 cm. We observed statistically significant
differences between the patients with and without
OSA for all continuous variables (age, BMI, and neck
circumference), those with OSA (AHI > 5 events/h) being
older (p < 0.001), having a higher BMI (p = 0.001),
and having a larger neck circumference (p < 0.001).
Six of the eight items on the STOP-Bang questionnaire
presented a statistically significant difference between
the patients with and without OSA, the two exceptions
being tiredness (p = 0.730) and BMI > 35 kg/m? (p
= 0.705). In comparison with the patients without
OSA, those with OSA were more likely to snore (p =
0.002), to present with apnea (p < 0.001), to have
hypertension (p < 0.001), to be over 50 years of age
(p = 0.011), to have a neck circumference > 40 cm
(p < 0.001), and to be male (p < 0.001). Among the
patients with severe OSA (AHI = 30 events/h), the
mean age was 45.9 = 12.8 years, the mean BMI was
33.5 £ 7.9 kg/m?, and the mean neck circumference
was 43.1 £ 4.2 cm.

The overall prevalence of OSA was 78.3%), compared
with 52.0% and 28.5% for moderate/severe OSA
and severe OSA, respectively. In addition, the overall
prevalence of OSA was higher in males than in females
(84.5% vs. 67.3%), as was that of moderate/severe
OSA (60.1% vs. 37.6%) and severe OSA (36.4% vs.
14.5%), the differences being statistically significant
(p < 0.001 for all). That suggests that male gender
influences the occurrence of OSA.

Table 2 shows the adjusted odds ratios for all eight
STOP-Bang items in relation to OSA severity. Only
three items were independent predictors at all three
AHI thresholds: observed apnea, age, and neck
circumference. In contrast, the tiredness item was
not an independent predictor at any AHI threshold (p
= 0.912 for any OSA, p = 0.397 for moderate/severe
OSA, and p = 0.097 for severe OSA). The best predictor
of moderate/severe OSA was neck circumference
(adjusted OR: 2.347; 95% CI: 1.445-3.816), followed
by age (adjusted OR: 2.132; 95% CI: 1.308-3.472)
and observed apnea (adjusted OR: 1.897; 95% CI:
1.233-2.923).

Table 3 shows the distribution of the parameters
according to OSA severity. The most common STOP-Bang
score (occurring in 106 patients) was 4 points, followed
by 3 points (occurring in 85) and 5 points (occurring
in 82). Using the cut-off STOP-Bang score of 3 points,
we classified 34.1% of the patients as having no OSA
(AHI < 5 events/h) and 9.4% as having severe OSA
(AHI = 30 events/h). The mean STOP-Bang score was
3.8 £ 1.6 points in the study population as a whole
and was significantly lower in females than in males
(2.8 £ 1.3 points vs. 4.4 £ 1.4 points; p < 0.001).
In addition, the mean STOP-Bang score increased
significantly in parallel with increasing severity of
OSA—from 2.8 £ 1.4 points for the patients without
OSA to 4.1 £ 1.5 points for those with any OSA, 4.5
+ 1.5 points for those with moderate/severe OSA,
and 5.0 £ 1.3 points for those with severe OSA—the
p-value for trend being < 0.001.

The performance of the STOP-Bang questionnaire is
shown in Table 4. As can be seen in the table, the cut-off
STOP-Bang score (= 3 points) showed the following
conditional probabilities for the identification of any
OSA: sensitivity of 83.5%, specificity of 45.5%, PPV
of 84.7%, NPV of 43.3%, and accuracy of 75.2%. For
the identification of moderate/severe OSA, the same
STOP-Bang cut-off score had a sensitivity of 88.6%, a

Table 1. Baseline characteristics of the patients screened for obstructive sleep apnea.?

Characteristic

All patients

(n = 456)

Without OSA
AHI < 5 events/h

(n = 99) (n = 357)

With OSA
AHI = 5 events/h

Age (years), mean + SD 43.7 £12.5 36.4+12.4 44.9 £+ 12.2 < 0.001
BMI (kg/m?), mean + SD 321+7.8 29.6 +7.0 32.7+7.9 0.001
NC (cm), mean + SD 40.8 £ 4.3 38.1+3.8 41.6 £ 4.2 < 0.001
AHI (events/h), mean + SD 24.6 + 25.2 2.1+1.4 30.9 +25.1 < 0.001
STOP-Bang items
Snoring (loud) 313 (68.6) 55 (55.6) 258 (72.3) 0.002
Tiredness 270 (59.2) 57 (57.6) 213 (59.7) 0.730
Observed apnea 216 (47.4) 29 (29.3) 187 (52.4) < 0.001
Pressure (hypertension) 160 (35.1) 20 (20.2) 140 (39.2) < 0.001
BMI (> 35 kg/m?) 129 (28.3) 26 (26.3) 103 (28.9) 0.705
Age (> 50 years) 151 (33.1) 22 (22.2) 129 (36.1) 0.011
NC (> 40 cm) 236 (51.8) 24 (24.2) 212 (59.4) < 0.001
Gender (male) 291 (63.8) 45 (45.5) 246 (68.9) < 0.001

OSA: obstructive sleep apnea; BMI: body mass index; NC: neck circumference; and AHI: apnea-hypopnea index.
aData are presented as n (%), except where otherwise indicated.
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Table 2. Adjusted odds ratios obtained by multivariate analysis for each item of the Portuguese-language version of

the STOP-Bang questionnaire.?
STOP-Bang item

Any Moderate/severe
AHI = 15

AHI = 5 events/h

(n = 357)

Snoring (loud) 1.420 (0.851-2.369) 0.179
Tiredness 0.971 (0.585-1.612)  0.912
Observed apnea 2.044 (1.182-3.546) 0.010
Pressure (hypertension) 1.680 (0.911-3.095) 0.096
BMI (> 35 kg/m?) 1.364 (0.711-2.617)  0.350
Age (> 50 years) 2.227 (1.193-4.166) 0.012
NC (> 40 cm) 3.134 (1.712-5.747) < 0.001
Gender (male) 1.663 (0.934-2.958) 0.083

1.222 (0.718-2.079
2.132 (1.308-3.472
2.347 (1.445-3.816
1.644 (0.993-2.724) 0.053

OSA severity
Severe

AHI = 30

events/h events/h

(n = 237) (n = 130)
1.666 (1.063-2.610) (
1.199 (0.787-1.828) (
1.897 (1.233-2.923) (
1.650 (1.039-2.617) 0.034 1.745 (1.047-2.915)  0.033
) (
) (
) (

0.026
0.397
0.004

1.706 (0.964-3.021)  0.066
1.515 (0.926-2.475)  0.097
4.016 (2.415-6.622) < 0.001

0.458 2.008 (1.103-3.649)
0.002 2.016 (1.184-3.436)
0.001 1.869 (1.055-3.311)

0.023
0.010
0.032

2.392 (1.265-4.524)  0.007

OSA: obstructive sleep apnea; AHI: apnea-hypopnea index; BMI: body mass index; and NC: neck circumference.

3Values are presented as adjusted OR (95% CI).

Table 3. Distribution of scores by apnea-hypopnea index (n = 456).2

STOP-Bang Without OSA OSA severity

score Any Moderate/severe Severe

AHI < 5 events/h AHI = 5 events/h AHI = 15 events/h AHI = 30 events/h
(n = 99) (n = 357) (n = 237) (n = 130)

0(n=2) 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0)
1(n=31) 17 (54.8) 14 (45.2) 7 (22.6) 0 (0.0)
2(n=71) 27 (38.0) 44 (62.0) 20 (28.2) 6 (8.5)
3 (n=85) 29 (34.1) 56 (65.9) 28 (32.9) 8 (9.4)
4 (n=106) 14 (13.2) 92 (86.8) 62 (58.5) 32 (30.2)
5(n=282) 5(6.1) 77 (93.9) 57 (69.5) 37 (45.1)
6 (n=53) 4 (7.5) 49 (92.5) 41 (77.4) 28 (52.8)
7 (n=22) 1 (4.5) 21 (95.5) 19 (86.4) 16 (72.7)
8(n=4) 1(25.0) 3 (75.0) 3 (75.0) 3 (75.0)

OSA: obstructive sleep apnea; and AHI: apnea-hypopnea index. 2Values are presented as n (%).

specificity of 35.2%, a PPV of 59.7%, an NPV of 74.0%,
and an accuracy of 62.9%; for the identification of
severe OSA, it had a sensitivity of 95.4%, a specificity
of 30.1%, a PPV of 35.2%, an NPV of 94.2%, and an
accuracy of 48.7%. The STOP-Bang score correlated
positively with the AHI (r,= 0.516; p < 0.001).
According to the ROC curves (Figure 1), the STOP-Bang
questionnaire showed the following AUCs: 0.743 (95%
CI: 0.689-0.798) for the diagnosis of any OSA; 0.731
(95% CI: 0.685-0.777) for the diagnosis of moderate/
severe OSA; and 0.779 (95% CI: 0.735-0.824) for
the diagnosis of severe OSA. Table 5 summarizes the
prediction of any OSA, moderate/severe OSA, and
severe OSA in relation to the various possible scores
obtained on the STOP-Bang questionnaire. For a score
> 3 points, the post-test probability of any OSA,
moderate/severe OSA, and severe OSA was 84.7%,
59.6%, and 35.2%, respectively.

DISCUSSION

In this prospective study, we determined that the
STOP-Bang questionnaire shows promise as a screening
tool for OSA in patients referred to sleep laboratories
in Brazil. The use of the STOP-Bang questionnaire
could provide various benefits: reducing the risk of

peri- and post-operative complications, which often go
undiagnosed in surgical patients with OSA®?); reducing
the occurrence of comorbidities, thus minimizing the
health care costs associated with the disorder; and
providing a portable diagnostic method, which could
be critical in areas with limited resources, where
polysomnography is not widely available. In addition,
the performance of the STOP-Bang questionnaire was
quite similar to that reported in previous studies for
the STOP and STOP-Bang questionnaires*+29-2%); that
is, high sensitivity and low-to-moderate specificity,
which could be especially critical in the more severe
forms of OSA, leading to a decrease in accuracy (the
proportion of correctly screened individuals). This aspect
of its predictive performance (low specificity) has also
been reported in various studies designed to translate,
adapt, or validate the STOP-Bang questionnaire. (2>

Our study showed a high prevalence of OSA overall,
as well as a high prevalence of moderate/severe OSA
and severe OSA. That could be explained by the fact
that it was conducted in a sleep laboratory setting.
Unlike studies conducted in the community, sleep
laboratory studies have reported OSA prevalence
rates of 42-76%."% Our study, similar to previous
studies, demonstrated that the prevalence of OSA
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Table 4. Conditional probabilities of the various possible scores on the Portuguese-language version of the STOP-Bang
questionnaire for the prediction of obstructive sleep apnea, by degree of severity (n = 456).2

OSA severity
AHI > 5 events/h
21vs. <1
>2vs. <2
>3vs. <3
>4vs. <4
>5vs. <5
26vs. <6
>7vs. <7
8vs. <8

AHI > 15 events/h

>1vs. <1
22vs. <2
>3vs.<3
>4vs. <4
>5vs. <5
>6Vs. <6
>7vs. <7
8vs. <8

AHI > 30 events/h

>1vs. <1
>2vVs. <2
23vs.<3
>4vs. <4
>5vs. <5
>6Vvs. <6
>7vs. <7
8vs. <8

Sensitivity

99.7 (99.5-100.0)
95.8 (94.2-97.3)
83.5 (81.1-85.8)
67.8 (65.4-69.8)
42.0 (39.9-43.4)
20.4 (18.7-21.4)
6.7 (5.47.2)
0.8 (0.2-1.1)

100.0 (99.3-100.0)
97.0 (94.6-98.6)
88.6 (84.8-91.8)
76.8 (72.4-80.8)
50.6 (46.4-54.4)
26.6 (23.3-29.1)

9.3 (7.1-10.4)
1.3 (0.4-1.7)

100.0 (98.8-100.0)
100.0 (96.8-100.0)
95.4 (90.3-98.1)
89.2 (83.0-93.6)
64.6 (57.3-71.4)
36.2 (29.9-42.0)
14.6 (10.5-17.5)
2.3 (0.7-3.0)

Specificity

1.0 (0.1-2.0)
18.2 (12.5-23.6)
45.5 (37.0-53.8)
74.7 (66.0-82.2)
88.9 (81.3-93.9)
93.9 (87.5-97.5)
98.0 (93.2-99.6)
99.0 (96.9-99.9)

0.9 (0.2-0.9)
11.9 (9.2-13.6)
35.2 (31.1-38.6)
61.2 (56.5-65.5)
81.3 (76.7-85.4)
92.7 (89.1-95.4)
98.2 (95.8-99.4)
99.5 (98.6-100.0)

0.6 (0.1-0.6)
10.1 (8.8-10.1)
30.1 (28.0-31.1
53.7 (51.2-55.4
76.4 (73.5-79.1
90.2 (87.7-92.5
97.9 (96.2-99.0)
99.7 (99.0-100.0)

—_ o~~~
- - = =

PPV

78.4 (78.2-78.6)
80.9 (79.5-82.1)
84.7 (82.3-87.0)
90.6 (87.4-93.4)
93.2 (88.5-96.3)
92.4 (84.3-96.8)
92.3 (74.1-98.7)
75.0 (22.1-98.7)

52.2 (51.8-52.2
54.4 (53.0-55.3
59.7 (57.1-61.8
68.2 (64.3-71.7
74.5 (68.3-80.1
79.7 (69.8-87.4
84.6 (64.8-94.9
75.0 (22.0-98.7

— = s o ===

28.6 (28.3-28.6)
30.7 (29.7-30.7)
35.2 (33.4-36.2)
43.4 (40.4-45.6)
52.2 (46.3-57.6)
59.5 (49.1-69.1)
73.1 (52.7-87.5)
75.0 (22.0-98.7)

NPV

50.0 (2.7-97.3)
54.5 (37.4-70.8)
43.3 (35.2-51.2)
39.2 (34.6-43.0)
29.8 (27.3-31.5)
24.7 (23.0-25.6)
22.6 (21.5-22.9)
21.7 (21.2-21.9)

100.0
78.8
74.0
70.9
60.3
53.8
50.0
48.2

19.8-100.0)
61.2-90.3)

65.5-81.4)

65.4-75.9)
56.9-63.4)
51.8-55.4)
48.8-50.6)
47.8-48.4)

—~ o~~~

100.0 (19.8-100.0)
100.0 (87.4-100.0)
94.2 (87.9-97.6)
92.6 (88.3-95.6)
84.4 (81.2-87.4)
78.0 (75.8-80.0)
74.2 (73.0-75.1)
71.9 (71.4-72.1)

Accuracy

78.3 (77.9-78.7)
78.9 (76.5-81.3)
75.2 (71.5-78.8)
69.3 (65.5-72.5)
52.2 (48.9-54.4)
36.4 (33.6-37.9)
26.5 (24.5-27.3)
22.1 (21.2-22.6)

52.4 (51.7-52.4)
56.1 (53.6-57.8)
62.9 (59.0-66.3)
69.3 (64.8-73.5)
65.4 (61.0-69.3)
58.3 (54.9-61.0)
52.0 (49.7-53.1)
48.5 (47.5-48.9)

28.9 (28.2-28.9)
35.7 (33.9-35.7)
48.7 (45.8-50.2)
63.8 (60.3-66.3)
73.0 (68.8-76.9)
74.8 (71.2-78.1)
74.1 (71.8-75.8)
71.9 (71.0-72.3)

OSA: obstructive sleep apnea; PPV

hypopnea index. 2Data are presented as estimated value (95% CI).

Any OSA
1.0
0.8
>
:E 0.6
& 0.4
0.2
0.0 r r r r
00 02 04 06 08 1.0
1 - specificity

: positive predictive value; NPV: negative predictive value; and AHI: apnea-

Moderate/severe OSA Severe OSA
1.0 1.0
0.8 0.8 1
fry oy
E 0.6 E 0.6 1
3 7
2 0.4 & 0.4
0.2 0.2 {
0.0 . . . . 0.0 . . . .
00 0.2 04 06 08 1.0 00 0.2 04 06 08 1.0
1 - specificity 1 - specificity

Figure 1. Graphic representation of all areas under the curve obtained for the Portuguese-language version of the
STOP-Bang questionnaire, culturally adapted for use in Brazil (n = 456). Obstructive sleep apnea (OSA) was classified,
based on the apnea-hypopnea index, as follows: > 5 events/h = OSA (any degree); = 15 events/h = moderate/severe
OSA; and = 30 events/h = severe OSA.

is higher in men than in women.826-39 In addition,
men generally present with typical symptoms, such
as snoring and observed apnea, whereas women are
more likely to present with atypical symptoms, such as
depression, fatigue, and insomnia.?*?>) Anthropometric
and demographic data also differ between genders:
men generally have larger neck circumferences than
do women, Y whereas women with OSA are generally

J Bras Pneumol. 2017;43(6):456-463

older than their male counterparts.® Furthermore,
the performance of a questionnaire for OSA can vary
widely depending on the population studied and the AHI
cut-off point used for OSA diagnosis.*%'Y The Berlin
questionnaire, for example, was initially developed in
a primary care setting,*® and its performance might
therefore be better in that setting than in the sleep
laboratory.? In contrast, the STOP-Bang questionnaire



Duarte RLM, Fonseca LBM, Magalhaes-da-Silveira J, Silveira EA, Rabahi MF ’P

Table 5. Predicting obstructive sleep apnea with the various possible scores on the Portuguese-language version of the
STOP-Bang questionnaire (n = 456), by degree of severity.?

OSA severity  High-risk Low-risk
patients®

Post-test
probability

patients®

AHI > 5 events/h

>1vs. <1 454 (99.6) 2 (0.4) 3.63 (0.09-134.11)  1.00 (0.99-1.02)  0.27 (0.00-10.11) 78.3
22vs. <2 423 (92.8) 33(7.2) 5.06 (2.31-11.12)  1.17 (1.07-1.27)  0.23 (0.11-0.46) 80.8
>3vs. <3 352 (77.2) 104 (22.8)  4.20 (2.52-7.03)  1.53(1.28-1.85)  0.36 (0.26-0.51) 84.7
>4vs. <4 267 (58.6) 189 (41.4) 6.22 (3.65-10.66) 2.68 (1.92-3.91)  0.43 (0.36-0.52) 90.6
>5vs. <5 161 (35.3) 295 (64.7) 5.79 (2.88-11.91) 3.78 (2.13-7.17)  0.65 (0.60-0.73) 93.2
26Vvs. <6 79 (17.3) 377 (82.7) 3.98 (1.60-10.52)  3.37 (1.49-8.48)  0.84 (0.80-0.93) 92.4
>7vs. <7 26 (5.7) 430 (94.3) 3.49 (0.78-21.79) 3.32 (0.79-20.30)  0.95 (0.93-1.01) 92.3
8vs. <8 4(0.9) 452 (99.1)  0.83 (0.07-20.95) 0.83 (0.07-20.73)  1.00 (0.98-1.03) 75.0
AHI > 15 events/h
>1vs. <1 454 (99.6) 2 (0.4) = (0.26-=) 1.00 (0.99-1.00)  0.00 (0.00-3.73) 52.0
>2vs. <2 423 (92.8) 33(7.2)  4.42 (1.78-11.47)  1.10 (1.04-1.14)  0.24 (0.10-0.58) 54.4
>3vs. <3 352 (77.2) 104 (22.8) 4.21 (2.52-7.07)  1.36 (1.23-1.49)  0.32 (0.21-0.48) 59.6
>4vs. <4 267 (58.6) 189 (41.4)  5.21 (3.40-8.00)  1.97 (1.66-2.34)  0.37 (0.29-0.48) 68.1
>5vs. <5 161 (35.3) 295 (64.7)  4.45(2.85-6.96)  2.70 (1.99-3.72)  0.60 (0.53-0.69) 74.5
>6Vs. <6 79 (17.3) 377 (82.7)  4.59 (2.47-8.61)  3.63 (2.13-6.39)  0.79 (0.74-0.86) 79.7
>7vs. <7 26 (5.7) 430 (94.3) 5.50 (1.75-19.18) 5.08 (1.70-17.28)  0.92 (0.90-0.96) 84.6
8vs. <8 4(0.9) 452 (99.1)  2.79 (0.25-70.25) 2.77 (0.26-69.10)  0.99 (0.98-1.01) 75.0
AHI > 30 events/h
>1vs. <1 454 (99.6) 2 (0.4) = (0.09-=) 1.00 (0.98-1.00)  0.00 (0.00-10.13) 28.5
>2vs. <2 423 (92.8) 33(7.2) * (2.93-=) 1.11 (1.06-1.11)  0.00 (0.00-0.36) 30.7
>3vs. <3 352 (77.2) 104 (22.8) 8.88 (3.62-23.16)  1.36 (1.25-1.42)  0.15 (0.06-0.34) 35.2
>4vs. <4 267 (58.6) 189 (41.4) 9.60 (5.12-18.27) 1.92 (1.70-2.10)  0.20 (0.11-0.33) 43.4
>5vs. <5 161 (35.3) 295 (64.7)  5.90 (3.71-9.41)  2.73 (2.15-3.41)  0.46 (0.36-0.58) 52.1
>6Vs. <6 79 (17.3) 377 (82.7)  5.20 (3.02-8.96)  3.68 (2.42-5.61)  0.70 (0.62-0.80) 59.5
>7vs. <7 26 (5.7) 430 (94.3) 7.80 (3.00-21.05) 6.80 (2.78-17.54)  0.87 (0.83-0.93) 73.0
8vs. <8 4(0.9) 452 (99.1) 7.67 (0.70-193.35) 7.52 (0.70-187.51) 0.98 (0.97-1.00) 75.0

OSA: obstructive sleep apnea; LR: likelihood ratio; and AHI: apnea-hypopnea index. 2Data are presented as n (%)
or as estimated value (95% CI). *Patients were classified as being at high- or low-risk of OSA according to whether
their score on STOP-Bang questionnaire was above or below the cut-off of 3 points, respectively.

was initially developed for use in surgical patients.(*¥
Although the STOP-Bang questionnaire has been widely
validated as a screening tool,?” it was found to be
inadequate and inappropriate as a means of confirming
the presence of significant OSA among patients at a
Veterans Administration facility in the United States,
possibly because of the low (4.9%) specificity obtained
in that study.G®

The STOP-Bang is a screening instrument with high
sensitivity, that sensitivity increasing in proportion to
increases in the AHI threshold used (from 5 events/h to
30 events/h).(** Conversely, it exhibits low-to-moderate
specificity, which reduces its accuracy. Because it
prioritizes sensitivity over specificity, the STOP-Bang
questionnaire classifies a large number of patients as
high-risk, thus increasing the rate of false-positive
results. Consequently, the STOP-Bang questionnaire
alone is insufficient to rule out the need for a sleep
study in all patients. Another important feature of the
instrument is that an increase in its score (maximum,
8 points) has been shown to result in an increase in
post-test probability.4=® Unfortunately, our study failed
to show a linear increase in the post-test probability with
increasing STOP-Bang scores, except in the patients

with severe OSA, among whom such an increase was
observed for all scores.

One previous study evaluated four tools for OSA
screening©”): the four-variable screening tool, the STOP
questionnaire, the STOP-Bang questionnaire, and the
Epworth Sleepiness Scale. To predict moderate/severe
OSA, the STOP-Bang questionnaire had the highest
sensitivity (87.0%), with an AUC of 0.64, whereas
the four-variable screening tool presented the highest
specificity (93.2%) and accuracy (79.4%). Similar
findings were reported in another study comparing five
different questionnaires (the STOP questionnaire, the
STOP-Bang questionnaire, the Berlin questionnaire,
the Epworth Sleepiness Scale, and the four-variable
screening tool).¢® In that study, the STOP-Bang
questionnaire had the highest sensitivity (97.6%),
as well as the lowest specificity (12.7%), for the
identification of moderate/severe OSA.

The present study has some limitations that need
to be emphasized. It involved patients referred to the
sleep laboratory, who are typically pre-selected patients,
which could represent a selection bias. In addition, we
did not compare the performance of the STOP-Bang
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questionnaire with that of other validated screening
instruments, and there is therefore a need for further
studies comparing it with such tools. Nevertheless, our
study was performed with a considerable sample of adults,
all of whom underwent overnight polysomnography,
which is the gold standard for the diagnosis of OSA.
Additional strengths were the fact that it was a prospective
study, with manual analysis of the polysomnography
results, and the fact that the physicians involved in the
polysomnography examinations had no prior knowledge
of the STOP-Bang results.

In conclusion, the STOP-Bang questionnaire showed
good performance in screening for OSA and can predict

the severity of the disorder. The validation of the
STOP-Bang questionnaire will promote its use as an
important screening tool for OSA in sleep laboratories
in Brazil. Because our study was conducted in a sleep
laboratory setting, further studies are needed in order
to validate the STOP-Bang questionnaire for use in
other contexts, such as primary care.
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