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Abstract

Background—The STOP-BANG is a simple obstructive sleep apnea (OSA) screening tool, part
questionnaire (STOP) and part demographic or physical measures (BANG), developed for use in
preoperative surgical clinics. This study assessed sensitivity and specificity of the instrument
among patients referred to a sleep disorders laboratory, and also its performance characteristics
when BANG physical measures are patient-reported rather than measured.

Methods—Adults referred for diagnostic polysomnography completed the STOP questions and
answered four yes/no questions (BANG self-reported) about their body mass index (weight and
height), age, neck circumference, and gender, which were also assessed by laboratory
technologists (BANG-measured).

Results—Among N=219 subjects (mean age 46.3 + 13.9 [s.d.] years; 98 [44.8%] males) the
sensitivity of the STOP-BANG measured for an apnea/hypopnea index (AHI, events per hour of
sleep) >5, >15, and >30 was 82, 93, and 97% respectively. Corresponding negative predictive
values were 44, 87, and 96%. Specificities were comparatively low (48, 40, and 33%). The STOP-
BANG measured and STOP-BANG self-reported scores showed essentially equivalent test
characteristics against polysomnography.

Conclusions—The STOP-BANG appears to have limited utility in a referred, sleep laboratory
setting. Negative results help to identify some individuals as unlikely to have moderate-to-severe
apnea, and may thereby prove useful in identification of patients who would benefit more from
laboratory studies than home studies. A STOP-BANG in which all information is self-reported
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may be as effective as the original version, and has potential to facilitate research or community
screening where good negative predictive value is required for an effective screening tool.
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Introduction

Obstructive sleep apnea (OSA) is characterized by repeated interruption of ventilation
during sleep due to pharyngeal airway closure [1]. In association with apneic events, patients
experience hypoxemia and hypercapnia [2], increased sympathetic activity, peripheral
vasoconstriction [3], and swings in intrathoracic pressure [4]. OSA escalates risks of
hypertension [5,6], coronary vascular disease [7], and stroke [8]. Moreover, moderate-to-
severe OSA is independently associated with all-cause mortality [9,10].

Overt OSA has an estimated prevalence of 3-7% in men and 2-5% in women [11].
However, it is estimated that 80% of men and 93% of women remain undiagnosed [12]. One
of the largest barriers to OSA diagnosis is that polysomnography, the gold standard
diagnostic procedure, is time-consuming and costly. Additional obstacles in some countries
include long wait times at sleep laboratories and insufficient numbers of sleep specialists.
Several screening tests have been developed to identify high-risk patients who should
undergo sleep studies, and low-risk patients for whom unnecessary testing can be avoided
[13-18]. However, many of these screening tests are lengthy and complicated, making their
use and interpretation less than convenient. Some studies that evaluated these questionnaires
used methods that have been questioned, and reported accuracies of these instruments have
varied across studies [18]. Home cardiopulmonary nocturnal recordings can be helpful for
OSA diagnosis in some circumstances, but costs, required expertise, and availability may
limit their use also.

In contrast to older screening questionnaires such as the Sleep Disorders Questionnaire
(SDQ) [19] or the commonly used Berlin Questionnaire [20], the STOP-BANG is a shorter
and more straight-forward instrument. It includes a subjective 4-item questionnaire (STOP)
and a 4-item portion informed by demographics and measures (BANG) [21,22]. For
comparison, the Sleep Disorders Questionnaire (SDQ) [19], Berlin Questionnaire [20], and
American Society of Anesthesiologists’ (ASA) checklist [23] contain 12, 10, and 12 OSA
symptom-items respectively. The STOP-BANG questionnaire is significantly less complex
to score than the SDQ, Berlin Questionnaire, and the ASA checklist, and in contrast to the
ASA checklist does not require airway evaluation by healthcare staff. The STOP-BANG
was developed to screen for OSA in preoperative surgical patients [21]. In that population,
the sensitivities of the STOP-BANG for detection of OSA at an apnea/hypopnea index
(AHI, number of events per hour sleep) >5, >15, and >30 were 83.6, 92.9, and 100%
respectively [21]. Previous investigators did evaluate the STOP-BANG in a sleep laboratory
setting retrospectively, by deriving the equivalent of STOP responses from other
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questionnaires patients completed, and adding BANG information from medical records
[24]. They found that the STOP-BANG had a sensitivity of 81.5% for detecting AHI =5.

The aim of present study was to prospectively assess the sensitivity and specificity of the
STOP-BANG in the setting of a sleep laboratory, where a screen for severe OSA could help
to prioritize laboratory studies or determine which patients may be good or poor candidates
for an expedited home study. Additionally, this study was designed to assess sensitivity and
specificity of the STOP-BANG when patients, instead of technologists, report values for
BANG items (see below) that are usually measured. The ability to forego physical
assessment would enhance the convenience of the STOP-BANG, facilitate its use in large-
scale studies or busy clinic settings, and perhaps lead to community studies of its potential
for public health screening.

Materials and Methods

Subjects

This prospective study was conducted at two University of Michigan sites, each accredited
by the American Academy of Sleep Medicine: the Michael S. Aldrich Sleep Disorders
Laboratory and the Sleep Disorders Laboratory -- South State Street. At these laboratories,
approximately 60% of the patients are referred from non-sleep specialist faculty, who
nonetheless see and treat patients with OSA, and the remainder is referred by faculty who
are board-certified or eligible sleep specialists. The study was approved by the Institutional
Review Board of the University of Michigan Medical School. Patients were eligible to
participate if they were at least 18 years old, English-speaking, and referred for diagnostic,
baseline polysomnography to assess for OSA. Patients were excluded if they were unable to
read, sign, or understand an informed consent. Patients were also excluded if they had been
previously diagnosed or treated for OSA. Subjects who met the inclusion criteria were
approached by the research team and asked to complete both portions of the STOP-BANG
on the evening of the sleep study. Neither sleep specialists nor non-sleep specialist faculty
who refer to the sleep laboratories use the STOP-BANG in clinical practice and therefore
the administration of the instrument in this study was likely to have been the first time each
patient saw the instrument.

In addition to values reported by patients on the questionnaire, data on age and gender were
also obtained from medical records. Patient weight and height were measured by sleep
laboratory technologists on the night of the sleep study and body mass index (BMI) was
subsequently calculated. Technologists also measured neck circumference on the night of
the sleep study. Neck circumference was measured directly below the laryngeal prominence
and measurements were made perpendicular to the vertical axis of the neck.

STOP-BANG Questionnaire

The STOP-BANG questionnaire used in this study included four yes/no questions: S- “Do
you Snore loudly (louder than talking or loud enough to be heard through closed doors)”, T-
“Do you often feel Tired, fatigued, or sleepy during daytime?”, O- “Has anyone Observed
you stop breathing during your sleep?”, and P- “Do you have or are you being treated for
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high blood Pressure?” [21] One point was given for each affirmative response. The BANG
portion of the questionnaire asked patients to report their height and weight (from which
BMI was calculated), Age, Neck circumference or collar size, and Gender [21]. The BMIs,
ages, genders, and neck circumferences of the patients were also separately measured as
above or obtained from medical records. Gender was included among the other measured
variables because the original STOP-BANG asks the technologist to record patient gender
[21]. Patients received an additional point toward their STOP-BANG scores for the presence
of each of the following clinical characteristics: BMI >35, age > 50, neck circumference >
40cm, and male gender. For the purposes of this research, patients were classified as having
high risk for OSA if they had a total STOP-BANG score >3 points, out of a possible 8 points
[21]. As both self-reported and measured or observed values for BMI, age, neck
circumference, and gender were collected, two sets of scores were calculated. One STOP-
BANG score (the “STOP-BANG self-reported score”) was based entirely on patient
responses to STOP questions and their self-reported BANG values. The second STOP-
BANG score (the “STOP-BANG measured score™) was based on patient responses to STOP
questions and the BANG values that were measured by technicians or obtained from patient
health records. This version of the questionnaire was completed by the research team after
the study appointment.

Polysomnography

The results of a single nocturnal, laboratory-based sleep study were used to evaluate the
utility of the STOP-BANG questionnaire. The diagnosis of OSA requires an apnea-
hypopnea index greater than 5 events per hour of sleep, coupled with daytime sleepiness or
symptoms of disturbed sleep [1]. Obstructive and central apneas were defined as the
complete absence of airflow for at least 10 seconds, in the presence or absence of continued
respiratory effort respectively. Hypopneas were defined as a =50% decrease in airflow
followed by an arousal, awakening, or >3% desaturation from baseline levels, consistent
with American Academy of Sleep Medicine guidelines available at the time the studies were
performed [25]. A 2012 revision in these guidelines now allows hypopneas to be scored
similarly, except that the decrement in airflow must only be =30% [26]. Guidelines of the
American Academy of Sleep Medicine classify mild OSA as AHI> 5 through 15, moderate
OSA as AHI>15 through 30, and severe OSA as AHI> 30 [1]. Both the technologists who
scored the studies and the physicians who interpreted them were masked to STOP-BANG
SCores.

Data analysis

Data were double entered into Excel and verified for accuracy. Data analyses were
performed using PASW Statistics 18 (SPSS Inc, Chicago, IL, USA). The OSA risk as
determined by STOP-BANG was compared to polysomnographic results. Receiver
operating characteristic (ROC) curve analyses were performed. Specificities, sensitivities,
positive predictive values, negative predictive values, odds ratios, and areas under the curve
were calculated to assess the effectiveness of the STOP-BANG measured score against
polysomnography. The optimal point threshold for risk classification by the questionnaire
was determined. Alternative STOP-BANG scoring models were also explored. To evaluate
them, the sensitivities and specificities of each alternative model were compared to the test
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characteristics of the original STOP-BANG measured model. Finally, patient self-reported
values for weight, height, and calculated BMI were compared with values measured by
technologists, and the statistical significance of the differences was assessed using paired t-
tests. The level of significance was set at p <.05.

Between May 2011 and September 2011, 219 patients consented to fill out the STOP-
BANG questionnaire and underwent overnight diagnostic baseline polysomnography on the
same night. The mean age was 46.3 £ 13.9 [s.d.] years, 98 (44.8%) were male, 121 (55.2%)
were female, and the mean neck circumference was 39.9 + 5.4 [s.d.] cm. These enrolled
patients represented an estimated 90% of eligible patients who were asked to participate in
the study. However, not all of the consented subjects completed the questionnaire in its
entirety. The response rate for each item on the questionnaire is detailed in Table 1, along
with the number and percentage of subjects who scored a point for each question-item.

The question-item with the lowest response rate was neck circumference, with 191 (87%) of
the patients reporting a value. Self-reported values for neck circumference included length
measurements and/or t-shirt collar sizes (eg: S, M, L, XL). All patients in the study reported
their age and responded to the questions that inquired about daytime sleepiness and high
blood pressure. The questions that received the highest numbers of affirmative responses
were those addressing snoring and daytime sleepiness: 86% of patients in the study reported
feeling tired or sleepy during the day and 54% indicated that they snored loudly.

When self-reported weights and heights (and the BMI values that were subsequently
calculated from them) were compared to measured values (Table 2), patients under-reported
their weights by only 1.7 kgs on average, and the difference was not statistically significant.
Patients also tended to under-report their heights, on average by .84 centimeters, and this
difference was statistically significant. The BMIs calculated from self-reported values were
not significantly different from the BMlIs calculated from technologist measurements.

The STOP-BANG measured score identified 165 (75%) of the 219 sleep-laboratory-referred
patients to be at high risk for OSA (Table 1). Among these 165 patients, 91 (55.2%) were
male and 74 (44.8%) were female. The average STOP-BANG measured score among all
subjects was 3.87 + 1.68 points out of a maximum of 8 points. The distribution of subject
STOP-BANG measured scores is displayed in Figure 1. Polysomnography revealed that 169
(77%) of the subjects in the cohort had obstructive sleep apnea, as defined by an apnea-
hypopnea index of at least 5. Among these subjects, 103 (47%) of the patients had an
AHI>15 and 62 (28%) had an AHI>30.

The test characteristics of the STOP-BANG measured score, as compared to AHI levels of
>5, >15, and >30, are shown in Table 3. The STOP-BANG cut-off used was =3 items
positive. Receiver operating characteristic (ROC) curves for the STOP-BANG measured
(shown in Figures 2—4) showed that this threshold optimized test characteristics. With a cut-
off of 23 points, for AHI levels of >5, >15, and >30, respective sensitivities were 82.2, 93.2
and 96.8% and specificities were 48.0, 40.5, and 33.1%. For comparison, at a threshold of
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=2 points, STOP-BANG measured sensitivities, for AHI levels of >5, >15, and >30, were
94.7, 98.1, and 100% but specificities were 22.0, 13.8, and 11.5%. At a scoring cut-off of >4
points, sensitivities for AHI levels of >5, >15, and >30 were 65.1, 77.7, and 85.5% whereas
specificities were 66.0, 59.5, and 52.9%.

The performance of the STOP-BANG measured score in prediction of minimum oxygen
saturation values <85% and <70% was also explored. A scoring cut-off of =3 items positive
was used. For minimum oxygen saturation values <85%, the STOP-BANG measured had a
sensitivity of 93.4% and a specificity of 34.5%. For minimum oxygen saturation values of
<70%, the STOP-BANG measured had a sensitivity of 88.9% and a specificity of 25.4%.

Alternative assessment and scoring models

The STOP-BANG self-reported model scores showed a distribution that was essentially
identical to that created by the original, STOP-BANG measured model (Figure 5). Whereas
the average STOP-BANG measured score was 3.87 + 1.68 points, the average STOP-BANG
self-reported score was 3.73 £ 1.69 points (paired t-test, t= —4.53, p <.0001). The test
characteristics of the STOP-BANG self-reported model, as compared to AHI levels of >5,
>15, and >30, are also shown in Table 3. For AHIs >5, >15, and >30, the STOP-BANG self-
reported score demonstrated test characteristics that were not substantively inferior to those
of the STOP-BANG measured model.

Finally, in exploratory analyses, abridged scoring models were also assessed. In particular,
three models were examined: one looking only at STOP questions (i.e., without BANG),
another looking only at BANG values that were obtained by technologists, and a third based
on self-reported BANG values. For each model, test characteristics for the optimal cut-point
were used. The scoring model based on only the STOP questions had inferior sensitivity and
specificity when compared with the full STOP-BANG measured model (Table 4). In
contrast, the sensitivities of the scoring models based on measured BANG values and self-
reported BANG values (Table 4) were comparable to the sensitivity of the full STOP-BANG
measured score. However, both of these BANG-only scores had compromised specificity in
comparison to the full STOP-BANG measured model.

Discussion

This comparison of STOP-BANG scores to results from full polysomnography, among
sleep-laboratory-referred patients, suggests potential value of the STOP-BANG
questionnaire in identification of some individuals who are not likely to have moderate or
severe OSA. Specifically, the STOP-BANG measured had negative predictive values of
87.0% and 96.3% for patients with AHI>15 and AHI>30, respectively. In contrast,
identification of referred patients unlikely to have any OSA does not appear to be reliably
enhanced by use of the STOP-BANG. Among the patients tested in this study 77.2% (169)
had AHI>5 and the positive predictive value of the STOP-BANG questionnaire for AHI>5
was 84.2%. This suggests that the instrument fails to robustly increase the already-high
likelihood, in this population, that OSA will be identified on testing.

J Sleep Disord Treat Care. Author manuscript; available in PMC 2014 May 03.
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The STOP-BANG questionnaire was originally validated for OSA screening in surgical
patients at preoperative clinics. This study shows that utility of the questionnaire at a sleep
disorders center may be more limited. Categorization of some patients as less likely to have
prominent OSA could perhaps indicate a need for laboratory rather than home studies.
Already at the time of this writing, some third-party-payors use STOP-BANG results to
determine whether a patient has high enough pre-test suspicion for OSA to require a home
study and treatment with auto-titrating positive airway pressure, rather than a more
expensive in-laboratory polysomnogram followed by standard titration study. In this study, a
positive STOP-BANG among referred patients did raise the pre-test probability of OSA (of
any severity) from 77% to 84% (Table 3), nearly equivalent to the 85% threshold
recommended for appropriate use of home studies to assess for OSA [27].

The results of this study demonstrate that the STOP-BANG can have a high sensitivity and
negative predictive value, particularly for detection of severe (AHI>30) OSA. A recent
study of the STOP-BANG in a sleep-clinic setting similarly found a high sensitivity (93.8%)
and low specificity (33.3%) for patients with sleep-disordered breathing [28]. A
retrospective study of the STOP-BANG in a sleep-laboratory setting reported a sensitivity of
85.1% for AHI=5 [24], close to the 82.2% we found. However, the authors found that the
STOP-BANG numerical score rather than an outcome dichotomized at =3 may be useful to
grade the probability of severe OSA and urgency for evaluation. Our results did not seem to
support this conclusion. For example, STOP-BANG scores =6 rather than =3 increased the
positive predictive value for AHI>30 from 36.4% to 57.5%, but also decreased the negative
predictive value from 96.3% to 78.2%. Although a higher STOP-BANG score in our study
did increase the probability of severe OSA, most patients with severe OSA had STOPBANG
scores < 6. Triage of care based on high STOP-BANG scores would fail to identify many of
our patients with severe disease.

In comparison to the STOP-BANG questionnaire, the Berlin questionnaire demonstrated
less effectiveness among sleep laboratory patients, with sensitivities of 68% and 57% for
respiratory disturbance indices of >5 and >15, and corresponding specificities of 49% and
41% [29]. Among a mixed population of sleep center patients and control subjects, the Sleep
Disorders Questionnaire had sensitivities of 85% in men and 88% in women for screening
for sleep apnea. Respective specificities were 76% and 81% [19]. In OSA screening among
preoperative surgical patients, the ASA checklist had sensitivities of 72.1%, 78.6%, and
87.2% for AHIs >5, >15, and >30 respectively. Corresponding specificities were 38.2%,
37.4%, and 36.2% [23].

If results of the current study can be consistently replicated in primary care settings, the
STOP-BANG questionnaire may prove useful for more widespread screening, in settings
where lower prevalence of OSA would make the negative predictive value for the STOP-
BANG higher than those we found at a sleep laboratory. The performance of the STOP-
BANG questionnaire in identifying OSA patients within a general population setting was
recently evaluated in Sdo Paulo, Brazil [30]. In that population, the sensitivity of the STOP-
BANG for either AHI>5 plus daytime sleepiness or AHI>15 was 83.8%, with a negative
predictive value of 87.5%.
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Practitioners may be able to rely on an instrument with good sensitivity to identify many
patients as unlikely to have moderate-to-severe sleep apnea that carries highest risk for
serious cardiovascular morbidity. However, despite good STOP-BANG negative predictive
value for severe OSA, the instrument showed poor negative predictive value for mild levels
of OSA that can still lead to excessive daytime sleepiness and diminished quality of life
[31]. Therefore, a negative STOP-BANG does not rule out OSA as a potential contributor to
those morbidities.

Although the STOP-BANG was more sensitive for severe OSA, its sensitivities for
moderate (AHI>15) and mild (AHI>5) OSA are sufficient that it might still detect many
community patients with these levels of pathology. The STOP-BANG is so simply, quickly,
and inexpensively administered that its widespread use could potentially identify many
affected patients, and direct them toward further investigation, rather than leaving symptoms
ignored. Although many clinicians now recognize features of OSA captured more formally
by the STOP-BANG, limited appointment times and focused visits may not provide
opportunities for discussion of snoring and sleepiness unless the patient brings them up. Our
clinical experience continues to suggest that most newly diagnosed OSA patients continue to
report that they have had unaddressed snoring, sleepiness, and other relevant symptoms for
many years.

Interestingly, use of self-reported rather than measured values for height, weight, gender,
age, and neck circumference reduced the sensitivity of the STOP-BANG only to a negligible
extent. The differences in sensitivities between the STOP-BANG measured and STOP-
BANG self-reported were 2.9, 4.9, and 3.3 percentage points for AHI>5, >15, and >30
respectively. This suggests that use of self-reported values for patient clinical characteristics
may be a satisfactory substitute for measurements by health care personnel. As a result,
usefulness of the STOP-BANG may remain undiminished outside clinical settings, when
self-report may be the only option. In screening programs administered to large numbers of
people by mail or the internet, a negative score on the STOP-BANG may suggest that severe
sleep apnea is highly unlikely and moderate OSA unlikely, whereas a positive screen could
suggest that a more rigorous evaluation is warranted.

The self-reported BANG scoring model, perhaps even more so than the STOP or the STOP-
BANG, may prove especially helpful at a community level. Some of the patients who
participated in the study did not know whether they snored loudly at night or if anyone had
observed them to stop breathing during their sleep. These patients were therefore unable to
complete the STOP questions. Patients who sleep alone at night may not have a partner to
alert them about OSA signs. These patients may benefit from using the self-reported BANG
scoring model, because it does not take the STOP questions into account. Although this
scoring model has lower specificity than the original STOP-BANG scoring model, it retains
high sensitivity, so it could still be a useful tool for screening with reasonable negative
predictive value for moderate or severe OSA.

Limitations of the current study include failure of all patients to provide all responses on the
STOP-BANG questionnaires, though missing data were, in general, infrequent (Table 1).
We elected to analyze all available data, in part so that results would be most generalizable
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to clinic settings, where failure to complete all questionnaire items is also not uncommon.
Another limitation is that the study was conducted at only two sites of one tertiary referral
center, in one community, and therefore results could differ to some extent at other
academic sleep centers or especially non-academic centers. However, at the two study sites,
inclusion criteria were not restrictive and the participation rate, among patients approached,
was high. In our sample, only 54% of the referred subjects endorsed loud snoring (Table 1).
Sites at which referred patients more commonly admit to this symptom may experience
different STOP-BANG performance, though our sample was not overall one that reflected
primarily mild OSA: the mean apnea/hypopnea index was 24, with levels >30 suggesting
severe OSA [1]. Our study defined OSA by the AHI, and this in itself is a limitation, if
necessary for objective research purposes, because in practice OSA is diagnosed through a
combination of symptoms, physical exam findings, associated morbidities, and objective
findings including others besides the AHI. Finally, this study did not begin to explore all the
possible uses that the STOP-BANG may have in the setting of a clinical sleep disorders
center. For example, we speculate that its results could prove useful in providing advance
information on levels of continuous positive airway pressure likely to be required during
titration studies; on types of positive airway pressure devices likely to be necessary; or on
likelihood of subsequent compliance with positive airway pressure at home.

The STOP-BANG is highly practical because it is short, has a seemingly easy-to-remember
mnemonic, and has a straight-forward scoring system. As clear-cut thresholds exist for risk
stratification, interpretation of the test is neither complicated nor user-dependent. Test
outcomes are determined quickly without a calculator, and patients do not have to wait long
for test results. Patients have relatively little difficulty in completing the STOP-BANG, and
overall response rates are high. The instrument’s low cost, ease of use, and high sensitivity
to severe OSA in perioperative patients and now sleep-laboratory-referred patients also,
suggest that the STOP-BANG or BANG alone merit further investigation as possible aids in
public health efforts to facilitate diagnosis and treatment of a frequently unrecognized sleep
disorder with serious associated morbidity and mortality.
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Distribution of Measured STOP-BANG scores
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Figure 1.
Histogram showing distribution of measured STOP-BANG scores.
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STOP-BANG ROC Curve at AHI>5
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Figure 2.

STOP-BANG measured ROC curve for AHI>5.
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The area under the curve for the STOP-BANG questionnaire at AHI>5 was .722 (95% CI [.645, .799]).
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STOP-BANG ROC Curve at AHI>15
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Figure 3.
STOP-BANG measured ROC curve for AHI>15.
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The area under the curve for the STOP-BANG questionnaire at AHI>15 was .746 (95% CI [.682, .811]).
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STOP-BANG ROC Curve at AHI>30
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Figure 4.

STOP-BANG measured ROC curve for AHI>30.
The area under the curve for the STOP-BANG questionnaire at AHI>30 was .762 (95% CI[.696,.827]).
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Distribution of Self-Reported STOP-BANG scores
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Figure 5.
Histogram showing distribution of STOP-BANG self-reported scores.
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Table 1

Responses to STOP-BANG questionnaire items'.

Page 17

No. (%) of 219 patients who
responded to question

No. (%) of 219 patients who
endorsed each risk factor

Do you snore loudly? 208 (95.0) 119 (54.3)
Do you often feel tired, fatigued, or sleepy during daytime? 219 (100) 189 (86.3)
Has anyone observed you stop breathing during your sleep? 214 (97.7) 90 (41.1)
Do you have high blood pressure? 219 (100) 75 (34.3)
BMI (>35) 216 (98.6) 83 (37.9)
Age (>50) 219 (100) 88 (40.2)
Neck circumference (>40cm) 191 (87.2) 106 (48.4)
Gender (male) 216 (98.6) 98 (44.8)
No. of patients classified as high risk (=3 points on total questionnaire) 165 (75.3)

TBANG items (BMI, Age, Neck circumference, and Gender) listed here reflect subject response rates on questionnaires, rather than demographic

or objective measures
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Test characteristics (95% confidence intervals) for the STOP-BANG measured and STOP-BANG self-

reported scores.

Table 3

AHI>5

AHI>15

AHI>30

STOP-BANG measured

Sensitivity (95%Cl)

82.2% (78.6-85.7)

93.2% (87.3-96.9)

96.8% (88.8-99.4)

Specificity (95%Cl)

40.5% (35.3-43.8)

PPV (95%ClI)

(
48.0% (35.8-59.8)
84.2% (80.5-87.8)

58.2% (54.5-60.5)

(
33.1% (30.0-34.2)
36.4% (33.3-37.4)

NPV (95%Cl)

44.4% (33.1-55.4)

87.0% (75.9-94.0)

96.3% (87.1-99.4)

Odds ratio (95%Cl)

4.28 (2.05-8.95)

9.34 (3.77-24.17)

14.86 (3.37-91.50)

Area under ROC curve (95%Cl)

722 (.645-.799)

746 (.682-.811)

762 (.696-.827)

STOP-BANG self-reported

Sensitivity (95%Cl)

79.3% (75.6-82.8)

88.3% (81.9-93.2)

93.5% (84.7-97.9)

Specificity (95%Cl)

41.4% (35.7-45.7)

35.7% (32.2-37.4)

PPV (95%Cl)

(
50.0% (37.6-62.0)
84.3% (80.4-88.1)

57.2% (53.1-60.4)

36.5% (33.0-38.2)

NPV (95%Cl)

41.7% (31.3-51.7)

80.0% (69.0-88.4)

(
(
(
(

93.3% (84.2-97.8)

Odds ratio (95%Cl)

3.83 (1.87-7.89)

5.35 (2.52-11.57)

8.04 (2.62-27.55)

Area under ROC curve (95%Cl)

714 (637-.792)

736 (.670-.802)

.758 (.690-.826)
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Test characteristics (95% confidence intervals) for the STOP score (without BANG) T, the BANG measured
score¥, and the BANG self-reported scoreS.

Table 4

AHI>5

AHI>15

AHI>30

STOP

Sensitivity (95%Cl)

74.6% (71.2-78.3)

80.6% (73.8-86.6

83.9% (73.7-91.3)

Specificity (95%CI)

34.0% (22.6-46.6)

31.8% (27.8-34.8)

PPV (95%Cl)

79.2% (75.7-83.2)

52.2% (47.8-56.1

32.7% (28.8-35.6)

NPV (95%Cl)

28.3% (18.9-38.8)

)
34.50 (28.5-39.8)
)
)

66.7% (55.1-76.9

83.3% (72.9-91.0)

Odds ratio (95%CI)

151 (.72-3.14)

2.18 (1.13-4.26)

2.43 (1.08-5.57)

Area under ROC curve (95%Cl)

607 (.524-.690)

629 (.555-.703)

649 (.569-.728)

BANG measured

Sensitivity (95%Cl)

89.9% (86.7-93.0)

94.2% (88.8-97.5

98.4% (91.2-99.9)

Specificity (95%CI)

36.0% (25.1-46.5)

25.0% (20.2-28.0

21.7% (18.8-22.3)

PPV (95%Cl)

82.6% (79.7-85.5)

52.7% (49.7-54.6

33.2% (30.7-33.7)

NPV (95%Cl)

51.4% (35.9-66.4)

)
)
)
)

82.9% (67.0-92.7

97.1% (84.3-99.9)

Odds ratio (95%CI)

5.03 (2.19-11.59)

5.39 (2.01-15.25)

16.86 (2.38-339.04)

Area under ROC curve (95%CI)

735 (.658-.813)

765 (.701-.828)

772 (.706-.837)

BANG self-reported

Sensitivity (95%Cl)

88.8% (85.4-92.0)

93.2% (87.6-96.9

96.8% (89.0-99.4)

Specificity (95%CI)

40.0% (28.7-50.8)

27.6% (22.6-30.8

23.6% (20.5-24.6)

PPV (95%Cl)

83.3% (80.2-86.3)

53.3% (50.1-55.4

33.3% (30.6-34.2)

NPV (95%Cl)

51.3% (36.8-65.1)

)
)
)
)

82.1% (67.3-91.7

94.9% (82.4-99.1)

Odds ratio (95%CI)

5.26 (2.36-11.80)

5.22 (2.07-13.76)

9.25 (2.08-57.49)

Area under ROC curve (95%Cl)

726 (.648-.805)

751 (.686-.816)

770 (.704-.837)

1duasnuely Joyny vd-HIN

TFor this model, subjects were considered to be at high risk for OSA if they answered “yes” to =2 of the 4 STOP questions

iFor this model, subjects were considered to be at high risk for OSA if they received =1 point out of the 4 possible points on the BANG portion of
STOP-BANG measured score

§For this model, subjects were considered to be at high risk for OSA if they received =1 point out of the 4 possible points on the BANG portion of
the STOP-BANG self-reported score
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