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Background: Various models and questionnaires have
been developed for screening specific populations for obstructive sleep apnea (OSA) as defined by the apnea/hypopnea index (AHI); however, almost every method is based
upon dichotomizing a population, and none function ideally.
We evaluated the possibility of using the STOP-Bang model
(SBM) to classify severity of OSA into 4 categories ranging
from none to severe.
Methods: Anthropomorphic data and the presence of snoring, tiredness/sleepiness, observed apneas, and hypertension
were collected from 1426 patients who underwent diagnostic
polysomnography. Questionnaire data for each patient was
converted to the STOP-Bang equivalent with an ordinal rating
of 0 to 8. Proportional odds logistic regression analysis was
conducted to predict severity of sleep apnea based upon the
AHI: none (AHI < 5/h), mild (AHI ≥ 5 to < 15/h), moderate (≥ 15
to < 30/h), and severe (AHI ≥ 30/h).
Results: Linear, curvilinear, and weighted models (R2 = 0.245,
0.251, and 0.269, respectively) were developed that predicted

AHI severity. The linear model showed a progressive increase
in the probability of severe (4.4% to 81.9%) and progressive
decrease in the probability of none (52.5% to 1.1%). The probability of mild or moderate OSA initially increased from 32.9%
and 10.3% respectively (SBM score 0) to 39.3% (SBM score
2) and 31.8% (SBM score 4), after which there was a progressive decrease in probabilities as more patients fell into the
severe category.
Conclusions: The STOP-Bang model may be useful to categorize OSA severity, triage patients for diagnostic evaluation
or exclude from harm.
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bstructive sleep apnea (OSA) is a highly prevalent condition underlying numerous co-morbidities routinely encountered in all fields of medicine. OSA has been linked with
cardiovascular and neurovascular diseases, metabolic disorders, and impaired neurocognitive function.1,2 Patients with
untreated sleep apnea are at increased risk for motor vehicle accidents,3 and they have more frequent cardiorespiratory complications in the perioperative environment compared to patients
diagnosed and treated prior to surgery.4,5 Therefore, a simple
and reliable method to screen certain populations is needed
to identify patients with OSA. The choice of optimal screening method depends upon the major objective: to include patients with sleep apnea so that they can either be referred for
appropriate sleep testing and therapy or to exclude those from
potential harm to themselves or others pending appropriate
evaluation. With increasing numbers of patients suspected of
having OSA being referred to sleep centers, a screening method
is also needed in order to prioritize those patients for urgent
evaluation and therapy.
Numerous clinical prediction models have been developed
based upon self-reported symptoms, demographics, anthropometric variables, and comorbidities.6-20 Limited screening
measurements have also been used independently or in com-

BRIEF SUMMARY

Current knowledge/Study Rationale: Numerous clinical prediction
models have been developed for screening certain populations for obstructive sleep apnea syndrome (OSA); however, all use a dichotomous
analysis which precludes definition of multiple severity categories. This
study was based on the premise that the severity of OSA is correlated
with the number of risk factors present and that the probabilities of none,
mild, moderate and severe sleep apnea could be predicted by means of
a proportional logistic regression analysis.
Study Impact: This study shows that a simple assessment of the number of known risk factors for OSA present in a patient can be used to
estimate the severity of sleep apnea/hypopnea, thus enabling clinicians
to prioritize patients for definitive testing and therapy as well as to exclude patients from possible harm due to unrecognized sleep apnea.
The development of prediction models that utilize a proportional logistic regression analysis rather than a dichotomous analysis may provide
more useful information.

bination with clinical prediction models in order to provide
greater accuracy.21-26 All of these screening methods incorporate similar variables and are compared with a single descriptive parameter, apnea/hypopnea index (AHI) derived
from polysomnography (PSG). However, as a single metric
of the obstructive apnea syndrome, the AHI is clearly not the
gold standard. It may not necessarily correlate with symp459
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toms such as hypersomnolence, fatigue, and cardiovascular
outcomes, nor is the severity of hypoxemia reflected by this
parameter. Patients with other risk factors, comorbidities, or
sensitive occupations may still require therapy with an AHI <
15/h. Despite the many technical considerations and the inconsistent correlation of the AHI with specific symptoms and
clinical outcome measures,27 identification of patients with
obstructive sleep apnea syndrome by every previous screening method has been ultimately based upon a binary decision
(absence/presence) and the chosen threshold for AHI. Unless
the distribution is highly non-normal with the majority of cases occurring at either extreme of the scale, dichotomizing a
continuous variable (AHI) will misclassify subjects no matter
which method is used.28
A recently reported meta-analysis showed that none of the
screening tools function ideally and none of the questionnaires or the majority of the models will correctly identify
patients with OSA.29 For example, the STOP-Bang model
(SBM) was validated as an easy and effective screening method to exclude pre-surgical patients with undiagnosed severe
sleep apnea from going to the operating room.11 Consisting of 8 yes or no questions based upon snoring, tiredness/
sleepiness, observed apneas, hypertension, BMI > 35 kg/m2,
age > 50 years, neck circumference > 40 cm, and male gender, a score of any 3 affirmative responses was used to dichotomize the population. The sensitivities measured 83.6%,
92.9%, and 100%, respectively, for patients with at least mild
(AHI > 5/h), moderate (AHI > 15/h), and severe (AHI > 30/h)
sleep apnea. The predictive values negative measured 60.8%,
90.2%, and 100%, respectively. Thus, one could confidently
exclude the possibility of at least moderate or severe OSA
with a score of 0-2 affirmative responses; however, the test
was less reliable in excluding mild sleep apnea. It is important
to note that even those patients with AHI ≥ 5 to < 15/h may
have clinical symptoms and can also become much more severe postoperatively.4,5
On the other hand, using a score of 3 affirmative responses,
the predictive values positive measured only 42% for moderate
sleep apnea and 31% for severe sleep apnea because of the high
false positive rates. Because 3 positive responses are considered
the same as 8, a STOP-Bang score of 3 indicates that the patient
could have moderate or severe sleep apnea, but not necessarily.
Therefore, if the questionnaire were to be used to select highrisk patients for urgent testing based upon standard criteria (SBM
score ≥ 3) rather than to exclude them, then this model could potentially result in a higher number of patients undergoing unnecessary tests and reducing the cost-effectiveness.
We assumed that increasing the number of risk factors present
not only increases the probability of having at least mild OSA but
also increases the likelihood of having more severe disease. The
STOP-Bang model was chosen for this study because of its ease
of use and simplicity. We hypothesized that the summary score
of the STOP-Bang model would correlate with the severity of
the AHI and that an enhanced analysis with the proportional odds
logistic regression could then be used to categorize ordinal data.
Giving probabilities of disease severity on 4 levels (e.g., no disease, mild, moderate, and severe) should provide more information than a binary outcome, so that clinicians can easily consider
additional factors in making decisions.
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PATIENTS AND METHODS
Subjects

All patients referred to the Intermountain Sleep Disorders
Center at LDS Hospital, Salt Lake City, Utah (elevation 1,500
m) who underwent diagnostic polysomnography for any reason from January 2006 to December 2008 were eligible for inclusion. If split-night studies with continuous positive airway
pressure were performed, only data from the diagnostic portion
of the study were used. Patients were excluded for any of the
following reasons: tested while breathing supplemental oxygen, previously diagnosed by PSG or treated for sleep apnea,
incomplete or absent questionnaire, incomplete demographic
data, and insufficient sleep or technically inadequate polysomnography. The Intermountain Healthcare Institutional Review
Board approved the study protocol and waived the patient-consent requirement (IRB#0003815).

Questionnaires

The STOP-Bang questionnaire requires yes/no responses to
8 questions (Appendix 1, appendices are available online at
www.aasmnet.org/jcsm). For this study, responses to the STOP
questionnaire were derived from equivalent questions included
in a comprehensive sleep questionnaire obtained on all patients
referred for PSG (Appendix 2). Demographic data and anthropometric measurements (Bang) were obtained at the same time
polysomnography was performed. The use of equivalent questions was validated by prospectively administering the STOP
questionnaire and the standard sleep lab questionnaire simultaneously to a second group (200 subjects).

Polysomnography

Standard attended 17-channel polysomnography (Cadwell
Laboratories, Inc., Kennewick WA.) was performed, consisting
of frontal and/or central and occipital electroencephalogram, right
and left electrooculogram, and submentalis electromyogram.
Airflow was detected by air pressure transducers (PTAF II, ProTech Services, Inc. Mukilteo, WA), and respiratory effort was determined by measurement of chest and abdominal motion with
piezoelectric or respiratory inductive plethysmography transducers. The arterial oxygen saturation (SpO2) was measured by
the Cadwell oximeter with a 4-beat averaging mode. Sleep was
manually scored using standard criteria.30,31 Apneas were scored
on the basis of absence of airflow ≥ 10 sec. Obstructive apneas
were defined by the presence of respiratory effort; central apneas
by the absence of respiratory effort. For patients studied prior to
April 2007, scoring of hypopneas was based on earlier criteria.32
After this date, hypopneas were based upon current standards.31
Hypopneas were not differentiated as obstructive or central.32 The
apnea/hypopnea index (AHI) was computed as the total of apneas
and hypopneas divided by the total sleep time in hours.

Statistical Analysis

The sleep laboratory STOP score was compared to the STOP
questionnaire by a Wilcoxon matched pairs test (2-tailed,
p < 0.05). Individual components of the STOP questionnaire
were compared with sleep laboratory equivalent questions by
using a nonparametric sign test.
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Table 1—Comparison of means and standard deviations of the individual and composite or sum of responses for STOP1 questions
and sleep laboratory STOP equivalent questions for 200 patients
STOP Questionnaire
STOP Equivalent Questionnaire
p-value2

Composite
Score
2.29 (1.05)
2.25 (1.00)
0.460

S
0.61 (0.49)
0.57 (0.50)
0.281

T
0.84 (0.36)
0.85 (0.35)
0.850

O
0.47 (0.50)
0.44 (0.50)
0.326

P
0.36 (0.48)
0.38 (0.49)
0.372

1
STOP refers to a positive response to snoring, tired/sleepiness, observed apneas, and hypertension. The composite score is the sum of all 4 questions
(range 0-4), whereas the individual questions for each question is either a yes (1) or no (0) response. 2Probabilities of comparisons between the STOP and
STOP Equivalent questionnaire. A Wilcoxon matched pairs test was used to compare the composite score on the STOP questionnaire whereas a signed test
was used to test individual questions.

Table 2—Summary statistics of the patient population
Parameter
N
Snoring1 (%)
Tired/Sleepy1 (%)
Observed Apnea1 (%)
Pressure1 (%)
BMI2 (kg/m2)
Age2 (y)
Neck size2 (cm)
Gender (%)
STOP-Bang Score2
AHI3

All
1426
62
89
48
42
33.8 ± 8.1 (16-71)
49.7 ± 15.2 (15-91)
40.7 ± 4.8 (26-61)
4.3 ± 1.7 (0-8)
32.9 ± 30.1 (0-147)

Males
815
70
88
61
42
33.0 ± 7.4 (17-71)
48.8 ± 15.2 (15-91)
42.8 ± 4.2 (28-61)
57.2
5.1 ± 1.5 (1-8)
37.7 ± 30.3 (0-142)

Females
611
51
90
32
42
34.9 ± 8.9 (16-68)
51.0 ± 15.2 (16-88)
38.0 ± 4.1 (26-53)
42.8
3.3 ± 1.4 (0-7)
26.4 ± 28.6 (0-162)

Percent positive responses to the first 4 questions or STOP questionnaire (snoring, tired/sleepy, observed apnea, and pressure). 2Values for BMI, age, neck
size, and composite score for the STOP-Bang model are reported as Mean ± SD (Range). 3AHI or apnea/hypopnea index is the number of apneas plus
hypopneas divided by hours of total sleep time while breathing room air reported as Mean ± SD (Range).
1

The primary outcome measure was the severity of sleep
apnea based upon the AHI as categorized into 4 groups: none
(AHI < 5/h), mild (AHI ≥ 5 to < 15/h), moderate (AHI ≥ 15 to
< 30/h), and severe (AHI ≥ 30/h). A proportional odds logistic
regression analysis33 was conducted using the total score of the
STOP-Bang equivalent model as the independent variable with
equal weight given to each response (linear model). Curvilinear
and weighted models were analyzed similarly. The curvilinear
model used the total score with cubic splines to allow for a possible curved relationship. The weighted model used each of the
8 questions as independent variables, allowing for each to have
a different effect on the model. Coefficient of determination or
the proportion of variance was calculated (R2) and the area under the receiver operator curve was expressed as a C-statistic. In
order to assess whether changes in definitions and instruments
during the data collection period had any effect on the model,
an additional proportional odds model was fit to the first 500
patients using earlier criteria for hypopneas32 and the last 500
patients using the most recent criteria.31 This included all 8 of
the STOP-Bang terms as well as an indicator variable for time
grouping and all interactions between this grouping variable
and the STOP-Bang questions. This model was then compared
to a model on the same data without the grouping variable and
interactions. The 2 models were then compared using a full vs.
reduced likelihood ratio test.

RESULTS
Comparison of the sum of STOP questions to the sleep lab
equivalent questions indicated no difference between the 2
forms of questions. Similarly, there were no differences between the individual questions of the STOP and the sleep lab
equivalent questions (Table 1).
Descriptive summary statistics for the patient population reflected by the STOP-Bang model and the AHI are displayed in
Table 2. The mean ± SD scores for the STOP-Bang model for
males measured 5.1 ± 1.5 compared to 3.3 ± 1.4 for females.
Because male gender is one of the 8 variables, the maximum
score for males is 8, versus 7 for females. Snoring and observed
apneas were reported more frequently by males but the responses to tired/sleepy and history of hypertension were similar. BMI
and age were similar; however, males had greater neck size
(42.8 ± 4.2 cm versus 38.0 ± 4.1 cm), and their AHI was more
severe (37.8 ± 30.3/h versus 26.4 ± 28.6/h). The distributions
of the STOP-Bang summary scores for the entire group, males,
and females are shown in Figure 1.
Three models were constructed using proportional odds logistic regression (Table 3). Models based upon only males and
females showed no differences compared to the models based
upon all subjects. Therefore, only group data are presented.
Model one was based upon equal weight of each of the 8 re461
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Figure 1—Distribution of affirmative STOP-Bang responses
for all (1,426), males (815), and females (611)
350

Table 3—The coefficient of determination (R2) and C-Statistic
for STOP-Bang models
Model
Linear
Curvilinear
Weighted

All (N = 1426)

Number Observed

300
250

p < 0.05 improvement over linear model. 2p < 0.001 improvement over
linear model.

150

Table 4A—Number of patients with sleep apnea vs. positive
STOP-Bang Model responses

100
50

Apnea/Hypopnea Index
0

1

2

3

4

5

6

7

STOP-Bang
Score1
0
1
2
3
4
5
6
7
8

8

STOP-Bang Score
220

Male (N = 815)

200
180

Number Observed

C Statistic
0.712
0.712
0.723

1

200

0

R2
0.245
0.2511
0.2692

160
140
120
100
80

< 5/hr
3
32
52
32
15
10
4
2
0

≥ 5 to
< 15/hr
0
17
54
67
82
62
22
9
2

≥ 15 to
< 30/hr
1
9
29
70
96
92
56
23
3

≥ 30/hr
0
7
18
64
106
138
129
93
25

1
Numerical sum of the positive responses of the STOP-Bang model
questionnaire.

60
40
20
0

1

2

3

4

5

6

7

Table 4B—Predicted probability of sleep apnea severity
based upon a linear model of the total population studied vs.
positive STOP-Bang Model responses

8

STOP-Bang Score
180
160

Number Observed

Apnea/Hypopnea Index

Female (N = 611)

STOP-Bang
Score1
0
1
2
3
4
5
6
7
8

140
120
100
80
60
40
20
0

0

1

2

3

4

5

6

7

STOP-Bang Score

≥ 5 to
< 15/hr
32.9%
37.6%
39.3%
33.2%
26.9%
20.4%
14.7%
6.8%
4.4%

≥ 15 to
< 30/hr
10.3%
14.6%
19.8%
29.6%
31.8%
31.1%
27.8%
17.4%
12.5%

≥ 30/hr
4.4%
6.7%
10.3%
22.3%
31.3%
41.9%
53.3%
74.1%
81.9%

1
Numerical sum of the positive responses of the STOP-Bang model
questionnaire.

sponses on the SBM. The proportion of variance accounted for
by this model was 0.245 with the C-statistic area under the operator receiver curve of 0.712. The second model was significantly
improved (p = 0.016), but there were only marginal changes in
R2 (0.251) and the C-statistic (0.712). The third model developed
on weighting each response indicated a significant improvement
(p < 0.001) as compared to the first model (R2 0.269, C-statistic
0.723). The test on the first 500 and last 500 patients did not
show any effect of the group variable (p = 0.125), indicating no
Journal of Clinical Sleep Medicine, Vol. 7, No. 5, 2011

< 5/hr
52.5%
41.1%
30.6%
14.9%
10.0%
6.5%
4.2%
1.7%
1.1%

significant changes in the criteria used for scoring hypopnea and
the overall effect of the STOP-Bang model.
In order to maintain simplicity and because there was no major
advantage of using the more complex weighted model (C Statistic 0.712), the linear model (C Statistic 0.723) was derived from
the entire patient population to estimate the probability of having
no, mild, moderate, or severe sleep apnea as defined above. The
number of patients in each category of sleep apnea severity (AHI)
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versus the STOP-Bang model scores are shown in Table 4A. The
predicted probabilities of sleep apnea severity based upon a linear
model of the total population studied versus the STOP-Bang model score are shown in Table 4B. With each incremental increase
in the score from 0 to 3, the probability of having no sleep apnea
diminished, while the probability of having mild, moderate, or severe sleep apnea increased. With any score > 3, the probability
continuously increased for having severe sleep apnea, while the
probability for anything else decreased.

DISCUSSION
3HUFHQW

Clinical Importance

This study confirms that in a population referred for evaluation of various sleep disorders, the STOP-Bang11 or equivalent
model can be used to estimate the probabilities of no, mild, moderate, and severe obstructive sleep apnea as defined by the AHI.
As opposed to dichotomizing a continuous variable in which
there is no distinction between a STOP-Bang score of 3 and 8,
enhanced analysis with the proportional odds logistic regression provides a set of probabilities for various levels of severity.
These can then be used as a guide within a given clinical context
to make more reasoned diagnostic decisions. Although intuitive,
this study indicates that the greater a single cumulative score of
known risk factors as reflected by the STOP-Bang model, the
greater the probability of more severe sleep apnea (Figure 2).
Of the various models to screen for OSA, the Berlin Questionnaire8 has possibly been the most frequently used. It consists of 11 questions with multiple choices and organized into
three categories (snoring/apnea, fatigue/sleepiness, and obesity/hypertension). Certain important predictive demographic
parameters were not utilized (gender, age, and neck circumference). Of 1008 adults surveyed, 100 underwent unattended cardiorespiratory sleep testing and were then dichotomized into a
low- or a high-risk group at various cut points. The sensitivity
for having an AHI > 5/h measured 86%. The greatest limitations are that the scoring can be confusing or cumbersome and
that in the end, patients are still categorized into only low-risk
or high-risk groups.
The STOP-Bang model has the appeal of being very straightforward and requires no more than a few minutes to complete
and score. Of 2,467 subjects screened in pre-surgical clinics, it
was validated with attended polysomnography in 177 patients.
Consistent with Chung et al.,11 who reported a sensitivity of
83.6% for AHI > 5/hr, our data shows that there is an 85.1%
probability of having an AHI ≥ 5/hr if the score ranges from
3 to 8. Therefore, if the only intent is to exclude patients who
may have any degree of OSA from undergoing surgery, then the
SBM appears to be a valid initial screening device. However,
it does not provide sufficient direction for individual clinical
decision-making regarding the need or urgency for polysomnography and therapy. For AHI > 15/hr and > 30/hr, the specificity measured 43% and 37%, and the predictive value positive
measured 51.6% and 31%, respectively.11 Analyzing the data
with various cut-points is useful but does not avoid the dilemma of grouping patients on either side of the boundary with
the extremes at the ends of the spectrum, regardless of which
cut point is selected. With a binary approach, a patient with a

6723%DQJ6FRUH

51% chance of having moderate or severe sleep apnea could be
treated exactly the same as one with a 90% chance—while being treated differently than someone with a 49% chance—with
no option for the physician to include other known information
about the patient.
To the extent that the AHI is a valid parameter for defining this complex syndrome, the composite STOP-Bang model
score provides a method for stratifying patients into categories
of sleep apnea. For example, if the SBM score is 6-8, then the
corresponding probability of having severe OSA is quite high
(53.3%, 74.1%, and 81.9%, respectively), and further evaluation is relatively urgent. The physician can weigh a 53% chance
of severe sleep apnea with other factors to decide on the appropriate clinical course of action, but would likely balance this
differently for someone with a 90% or 10% probability.
If the score is 3-5, then the probabilities of mild, moderate,
and severe OSA are more evenly balanced. Greater discrimination between cases of no, mild, and moderate sleep apnea
may not be possible due to the intrinsic deficiencies of the
STOP-Bang model and limitations imposed by defining sever463
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