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G’he known: Recommendations regarding directly referring
patients from primary care for assessment for obstructive sleep
apnoea (OSA) according to screening questionnaire responses
rest not on firm evidence but on expert opinion.

The new: The combination of screening questionnaires and the
Epworth sleepiness scale (ESS) is useful for selecting patients for
sleep testing, but misses more than half of those with clinically
relevant OSA. The sensitivity and specificity of screening could be
adjusted to the primary care needs of particular health care
systems with our STOP-Bang/ESS-based decision support tool.

The implications: Questionnaire-based screening cannot currently
Qae employed in primary care to rule out OSA. Y,

is associated with high morbidity and mortality, and its

health-related and other costs are high.” Although early
diagnosis and treatment can reduce the burden for the patient,
OSA is underdiagnosed" because there are no recommendations
about screening and diagnostic polysomnography is expensive.’
Streamlining the diagnosis and management of OSA in primary
care is therefore of great importance.

Obstructive sleep apnoea (OSA) affects 9-38% of adults,’

Until recently, OSA was predominantly managed by sleep spe-
cialists, although there are markedly different models of care.’
Some primary care centres assess patients for OSA with screen-
ing questionnaires, but there are no formal standards.’ Some use
the Epworth sleepiness scale (ESS),” which measures excessive
daytime sleepiness, while others screen with instruments such
as the Berlin (BQ),® STOP-Bang9 and OSA-50 questionnaires.m In
clinical settings, a questionnaire-based assessment should ide-
ally produce as few false positive and false negative results as
possible, to minimise both demands on the health care system
and unnecessary anxiety for patients, and to ensure that benefi-
cial treatment will be provided to people who need it.

Some initiatives for streamlining referral for diagnostic sleep
studies and treatment have been promising. In Spain, for exam-
ple, diagnosing and managing patients with moderate to severe,
highly symptomatic OSA (ESS score of 12 or more) in primary
care was found to be non-inferior to specialist management.'
In Australia, the universal health care funder (Medicare) has
recently accepted changes to its schedule of payable items that
allow primary care clinicians to directly refer patients for sleep
studies if they have a positive BQ result in at least two categories,
an OSA-50 score of at least 5, or a STOP-Bang score of at least 4, if
they also have an ESS score of 8 or more."”

Although OSA screening questionnaires are increasingly im-
portant for decision making in primary care, their performance
in this setting has not been assessed.’ We therefore investigated

Abstract

Objective: To examine the utility of apnoea screening
questionnaires, alone and in combination with the Epworth
sleepiness scale (ESS), for detecting obstructive sleep apnoea (OSA)
in primary care.

Design, setting: Prospective validation study in an Australian
general population cohort.

Participants: 424 of 772 randomly invited Tasmanian Longitudinal
Health Study, 6th decade follow-up participants with OSA
symptoms (mean age, 52.9 years; SD, 0.9 year) who completed OSA
screening questionnaires and underwent type 4 sleep studies.

Main outcome measures: Clinically relevant OSA, defined as
moderate to severe OSA (15 or more oxygen desaturation events/
hour), or mild OSA (5-14 events/hour) and excessive daytime
sleepiness (ESS = 8); diagnostic test properties of the Berlin (BQ),
STOP-Bang and OSA-50 questionnaires, alone or combined with an
ESS = 8.

Results: STOP-Bang and OSA-50 correctly identified most
participants with clinically relevant OSA (sensitivity, 81% and 86%
respectively), but with poor specificity (36% and 21% respectively);
the specificity (59%) and sensitivity of the BQ (65%) were both low.
When combined with the criterion ESS = 8, the specificity of each
questionnaire was high (94-96%), but sensitivity was low (36—
51%). Sensitivity and specificity could be adjusted according to
specific needs by varying the STOP-Bang cut-off score when
combined with the ESS > 8 criterion.

Conclusions: For people likely to trigger OSA assessment in
primary care, the STOP-Bang, BQ, and OSA-50 questionnaires,
combined with the ESS, can be used to rule in, but not to rule out
clinically relevant OSA. Combined use of the STOP-Bang with
different cut-off scores and the ESS facilitates a flexible balance
\between sensitivity and specificity.

the utility of the BQ, STOP-Bang, and OSA-50 questionnaires in
primary care, alone and in combination with the ESS, with the
aim of determining whether they could be used to streamline
the management of OSA in primary care.

Methods

Study design

Our study was performed within the Tasmanian Longitudinal
Health Study (TAHS), 6th Decade Follow-up (TAHS-6). The in-
ception and serial follow-ups of the TAHS have been reported
previously.”” In brief, 8583 Tasmanian school children born in
1961 were recruited in 1968 and followed up in 1974, 1979, 1991,
2002, 2010 and 2012. Valid contact details were available in 2012
for 6128 of the original participants (71%), and they were invited
to participate in TAHS-6, which was completed in 2016.
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Participants and selection process

Of 3609 participants in TAHS-6, 2659 (73.7%) visited partner res-
piratory laboratories and completed questionnaires. A random
sample of 772 participants were then invited to undergo sleep
studies, irrespective of their questionnaire responses, of whom
424 (54.9%) participated in home-based type 4 sleep studies (that
is, studies that assess only one or two sleep parameters) using
portable ApneaLink devices (ResMed).

Test methods

The ApneaLink device has channels for heart rate, oxygen hae-
moglobin saturation (measured by pulse oximetry), and nasal
airflow pressure (recorded through a nasal cannula connected to
a pressure transducer). Signals were automatically analysed with
proprietary software (ApneaLink 9.2.0) that calculated the ap-
noea-hypopnea index (AHI; based on airflow limitation events;
ie, airflow 50% lower than baseline) and oxygen desaturation
index (ODI; based on oxygen desaturation events; ie, 3% lower
than baseline). We used the ODI to define the degree of OSA,
as oxygen desaturation has been linked with the adverse conse-
quences of OSA;'*'® further, ODI performs as well in this respect
as the derived AHI, but pulse oximetry yields a more robust
signal than nasal airflow transduction, with fewer test failures."”

Participants completed BQ, STOP-Bang, OSA-50, and ESS
questionnaires (online Supporting Information, supplemen-
tary methods). Height, weight, and waist, hip and neck cir-
cumferences were measured. We regarded troublesome
snoring, witnessed apnoeas, and excessive sleepiness or fa-
tigue, as reported in the questionnaires, as likely triggers for
a patient to visit a primary care physician and for the lat-
ter to initiate assessment of OSA (Supporting Information,
table 1).

Definitions

The ESS is an eight-item questionnaire that assesses subjective
sleepiness; cut-off scores of 8 and 11 (out of 24) have each been
proposed as indicating excessive day time sleepiness;”"® we ap-
plied an ESS cut-off score of 8.

High risk of OSA was defined by standard cut-off scores for
the screening questionnaires: at least two positive categories of
three for the BQ,® a score of 3 or more out of 8 for STOP—Bang,9
and a score of 5 or more out of 10 for OSA-50."

Participants with 5-14 ODI events/hour were defined as having
mild OSA, those with 15 or more events/hour as having moder-
ate to severe OSA."

Contactable TAHS
participants:
6128

{

1 The selection of participants with at least four hours of sleep study data and at least one trigger symptom

Consented to participate and
invited for laboratory study:
3609

2659

Visited laboratory, completed
BQ, STOP-Bang, OSA-50
questionnaires:

'

772

Invited for sleep studies
(random):

Excluded: 348
- Declined: 137

*+ Agreed, but did not do sleep study: 107

|

* Agreed, but no devices available: 89

424

Underwent sleep studies:

* Underwent sleep study, but device not
returned: 15

Y

Less than 4 hours’ oximetry

351

At least 4 hours’ oximetry
data available:

data available: 73

!}

286

At least one trigger symptom:

!

Moderate to severe
obstructive sleep apnoea:

Mild obstructive sleep apnoea:
141

91
V¥

Clinically relevant OSA: 140

« BQ: 91 positives, 49 negatives

* STOP-Bang: 113 positives, 27 negatives
* OSA-50 121 positives, 19 negatives

Y

Not clinically relevant OSA: 146

« BQ: 58 positives, 88 negatives

* STOP-Bang: 91 positives, 55 negatives
* OSA-50 111 positives, 35 negatives

BQ = Berlin questionnaire; TAHS = Tasmanian Longitudinal Health Study. ¢




2 Characteristics of the 286 participants for whom at least 4
hours’ sleep study recordings were available and who had at
least one trigger symptom

Characteristic

Age (years), mean (SD) 52.9 (0.9)

Sex (men) 152 (53%)

Body mass index (kg/m?), mean (SD) 29.3(5.3)

Neck circumference (cm), mean (SD) 38.0(3.8)

Berlin score = 2 151 (53%)

STOP-Bang score = 3 206 (72%)

OSA-50 score 25 236 (82%)

Epworth sleepiness scale score, mean (SD) 6.3(4.2)

Epworth sleepiness scale score = 8 101 (35%)

SD = standard deviation. ¢

were estimated (with 95% confidence intervals [CIs]). The ana-
lyses were repeated for each screening questionnaire and for
different STOP-Bang cut-off scores combined with ESS scores
of 8 or more. The justification for using ESS scores in both the
reference and index tests is discussed in the online Supporting
Information.

We also conducted sensitivity analyses of data for participants
who were married or in de facto relationships (as people with
partners are more likely to report nocturnal events), and by using
AHI instead of ODI to define OSA. A sub-analysis of patients
with moderate to severe OSA was also undertaken. All analyses
were conducted in Stata/SE 14.1 (StataCorp).

Ethics approval

This study was conducted in accordance with the amended
Declaration of Helsinki and was approved by the Human
Research Ethics Committee of the University of Tasmania (ap-
proval number, H0012710).

Results

3 Receiver operator characteristic curves for detection of clinically
relevant obstructive sleep apnoea* by screening questionnaire scores

For 286 participants, at least 4 hours of sleep study
recordings were available and at least one trigger
symptom was identified (Box 1). Their mean age
was 52.9 years (standard deviation [SD], 0.9 year),
their mean body mass index (BMI) was 29.3 kg/
m? (SD, 5.3 kg/mz), and 152 were men (53%) (Box
2). A total of 232 participants (81%) had some de-
gree of OSA (mild, 141 [49%], moderate to severe,

91 [32%]); 140 had clinically relevant OSA (49%)
(Box 1).

The characteristics (sex, BMI, neck circumference,
presence of hypertension, high risk of OSA according

| to BQ and STOP-Bang) of the 772 people randomly
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invited to participate in the sleep studies were simi-
lar to those of the people who were not invited (data

sleepiness scale score > 8). ¢

* Defined as moderate to severe obstructive sleep apnoea (oxygen desaturation index = 15) or mild ob-
structive sleep apnoea (oxygen desaturation index, 5-14) with excessive day time sleepiness (Epworth

not shown). Mean ESS scores were higher for people
who underwent sleep studies (5.8; standard devia-
tion [SD], 4.0) than for those who did not (5.1; SD,

Mild OSA is common in the general population,' but its sig-
nificance is uncertain, so it is usually not treated unless symp-
tomatic (eg, accompanied by excessive day time sleepiness);
moderate to severe OSA, however, is often treated without re-
gard to symptom severity.” We therefore deemed people who
had either moderate to severe OSA, or mild OSA together with
excessive day time sleepiness, as having clinically relevant
OSA.

An affirmative response to at least one of the ten questions on
troublesome snoring (three questions), witnessed apnoea (three
questions), and sleepiness or fatigue/tiredness (four questions;
online Supporting Information, table 1) was defined as indicat-
ing a trigger symptom.

Sensitivity and specificity were deemed high if they exceeded
90%, fair if 71-90%, and low if 70% or less.

Data analysis

Data were included in our analysis if at least 4 hours of oxygen
desaturation data were available for a participant with at least
one trigger symptom. Receiver operator characteristic (ROC)
curves” were generated and areas under ROC curves calcu-

lated for each screening questionnaire. Validity parameters

3.8; P =0.020), and were also higher for sleep study
participants for whom at least 4 hours’ oximetry data were
available (5.9; SD, 4.1) than for those for whom it was not (5.1;
SD, 3.8; P = 0.010) (Supporting Information, table 2).

Diagnostic utility of standard cut-off scores of BQ, STOP-
Bang, and OSA-50

The sensitivity of the STOP-Bang (81%) and OSA-50 (86%) was
fair, but their specificity was low (36% and 21% respectively;Box 3,
Box 4, Supporting Information, table 3); the sensitivity of the
BQ was lower (65%) and its specificity higher, although still low
(59%). The specificity of combinations of standard questionnaire
cut-off scores with an ESS cut-off score of 8 was high (92-95%;
Box 4, Box 5) but their sensitivity was low (36-51%). The abil-
ity of the questionnaires to detect moderate to severe OSA was
similar, but sensitivity and specificity were lower when their re-
sults were combined with an ESS cut-off score of 8 (Supporting
Information, table 4, figures 1 and 2).

Diagnostic utility of different STOP-Bang cut-off scores

As different STOP-Bang cut-off scores could be applied in dif-
ferent settings,” we assessed the diagnostic utility of different
cut-off scores for detecting clinically relevant OSA (Supporting




4 Diagnostic utility of obstructive sleep apnoea screening questionnaires, alone and in combination with an Epworth sleepiness scale
score of at least 8 for identifying participants with clinically relevant obstructive sleep apnoea* in people with at least one trigger
symptom™

Positive Negative Positive Negative
Area under predictive predictive likelihood likelihood Diagnostic
ROC curve Sensitivity Specificity value value ratio® ratio® odds ratio®

Screening tests (95% Cl) (95% CI) (95% Cl) (95% Cl) (95% Cl) (95% CI) (95% Cl) (95% CI)

Obstructive sleep apnoea screening questionnaires*

Berlin 62% 65% 59% 61% 63% 1.6 0.6 27
(56-68%) (56-73%) (50-67%) (53-69%) (54-71%) (1.2-21) (0.4-0.8) (1.6-4.3)

STOP-Bang 58% 81% 36% 55% 65% 12 0.5 2.3
(53-63%) (73-87%) (28-44%) (48-62%) (53-76%) (11-1.4) (0.4-0.8) (1.3-4.0)

OSA-50 54% 86% 21% 52% 61% 11 0.6 17
(49-58%) (80-92%) (15-29%) (46-59%) (46-75%) (1.0-1.2) (0.4-11) (0.9-3.2)

Obstructive sleep apnoea screening questionnaires® and Epworth sleepiness scale score > 8

Berlin 66% 36% 95% 88% 60% 73 0.7 10.9
(61-70%) (28-45%) (90-98%) (76-95%) (54-67%) (3.4-16) (0.6-0.8) (4.8-25)

STOP-Bang 71% 50% 92% 86% 65% 6.4 0.5 17
(66-76%) (41-59%) (86-96%) (77-93%) (58-72%) (3.5-12) (0.4-0.6) (5.9-23)

OSA-50 72% 51% 92% 87% 66% 6.6 0.5 2.4
(67-76%) (43-60%) (86-96%) (77-93%) (59-72%) (3.6-12) (0.4-0.6) (6.2-25)

Cl = confidence interval; ROC = receiver operator characteristic. * Defined as moderate to severe obstructive sleep apnoea (oxygen desaturation index = 15) or mild obstructive sleep apnoea

(oxygen desaturation index, 5-14) with excessive day time sleepiness (Epworth sleepiness scale score 2 8). T Troublesome snoring, witnessed apnoeas, or sleepiness or fatigue/tiredness

(online Supporting Information, table 1).  Standard questionnaire cut-off scores were applied. § The positive likelihood ratio — sensitivity/(1- specificity) — compares the probability of a

positive test result for someone with the disorder with that for someone without the disorder; the negative likelihood ratio — (1- sensitivity)/specificity — compares the probabilities of a

negative result for people with and without the disorder. The ratio of the positive and negative likelihood ratios is the diagnostic odds ratio, a measure of the overall accuracy of the test. ¢
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5 Receiver operator characteristic curves for detection of clinically relevant obstructive
sleep apnoea* by screening questionnaire scores combined with Epworth sleepiness

and then assessing people with positive
OSA-50 results with the more specific
BQ — did not improve the sensitivity or
specificity of the overall screening pro-
cess (data not shown).
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* Defined as moderate to severe obstructive sleep apnoea (oxygen desaturation index = 15) or mild obstructive sleep apnoea
(oxygen desaturation index, 5-14) with excessive day time sleepiness (Epworth sleepiness scale score > 8). 4

models that suit the requirements of
each primary care practice or health

Information, table 5). Specificity was greater (and sensitivity
lower) with higher cut-off scores; accuracy (true positive and
negative results as a proportion of all results) was greatest at the
standard cut-off score of 3, but still poor (63%). When combined
with an ESS cut-off score of 8, specificity was high for all STOP-
Bang cut-offs above 2 (score of 5, 99%; of 6 or 7, 100%; Supporting
Information, table 6).

The diagnostic utility of screening questionnaires was similar
when only data for people who were married or in de facto rela-
tionships were analysed, and when AHI was used instead of ODI
to define OSA (data not shown). Two-step screening — applying
the highly sensitive OSA-50 (OSA ruled out by negative result)

care system.

Discussion

For a sample of middle-aged people with OSA-related symp-
toms likely to present to primary care clinics, the sensitivity
and specificity of three screening questionnaires were not
useful for detecting clinically significant OSA, but high speci-
ficity could be achieved, at the cost of reduced sensitivity, by
combining the scores on any of these instruments with a high
ESS score criterion. As expected, raising the STOP-Bang cut-
off score increased the specificity and reduced the sensitivity
of the instrument, both alone and when combined with high
ESS scores.



6 A decision support tool for primary care: utility of using
different STOP-Bang scores, alone or in combination with
Epworth sleepiness scale (ESS) scores for detecting clinically
relevant obstructive sleep apnoea*

Patients with
clinically relevant Healthy persons
OSA excluded if included for further
criteria used to rule assessment if criteria

STOP-Bang and out clinically relevant  used to rule in clinically

ESS cut-off scores disease relevant disease

STOP-Bang score alone
>2 2% 96%
>3 19% 64%
>4 48% 38%
>5 69% 12%

26 86% 3%
>7 97% 0

STOP-Bang score and ESS < 8
>2 2% 95%
>3 19% 63%
>4 42% 34%
>5 62% 12%

26 83% 3%
>7 94% 0

STOP-Bang score and ESS = 8
>2 39% 1%
>3 50% 8%
>4 70% 6%
>5 86% 1%
>6 94% 0
>7 99% 0

* Defined as moderate to severe obstructive sleep apnoea (oxygen desaturation index

=15) or mild obstructive sleep apnoea (oxygen desaturation index, 5-14) with excessive

day time sleepiness (Epworth sleepiness scale score = 8). ¢

Implications of our findings

If used to rule out OSA in primary care settings, the three
screening questionnaires would exclude 14-35% of people with
clinically relevant OSA. Although adding the second criterion
of an ESS score of 8 or more for ruling in OSA increased the
specificity of screening from 21-59% to 92-95%, this combina-
tion missed 49-64% of participants with clinically relevant OSA
(Box 4). On the other hand, different STOP-Bang cut-off scores
could be applied to suit the specificity and sensitivity require-
ments of particular primary care settings or health care systems
when assessing patients for OSA; that is, according to whether
reducing the burdening on diagnostic facilities or detecting as
much OSA risk as possible is more important.

Despite recent attempts to streamline OSA-related decision mak-
ing at the primary care level, including in Spain'' and Australia,"
evidence supporting these approaches is scarce. The decision
by the Australian Department of Health to accept a positive BQ,
STOP-Bang (with a cut-off score of 4) or OSA-50 result, coupled
with an ESS score of 8 or more, as criteria for direct referral for

sleep studies by primary care physiciams]2 is the first Australian
policy initiative with this aim. But it remains unclear how the large
proportion of people with clinically relevant OSA who do not meet
these criteria (more than half) should be managed.

Our decision support tool (Box 6) may help standardise the
assessment and referral process, although it requires further
validation in other populations and by polysomnography. In pa-
tients with an ESS score of 8 or more, reducing the STOP-Bang
cut-off score for referral for sleep studies from 4 to 3 would en-
hance detection of patients with significant OSA (from 30% to
50%) without markedly increasing the number of false positives
(from 6% to 8%). A universal decision model is not possible be-
cause of differences in the resources available to different health
care systems, but our support tool could be adapted to the re-
quirements of particular systems and inform decisions about
allocating the limited resources of sleep clinics and laboratories.

Finally, the poor performance of screening questionnaires, alone
and when combined with ESS scores, in correctly identifying peo-
ple with OSA indicates a need for alternative screening methods,
either improved versions of currently available screening ques-
tionnaires or a new questionnaire, or a two-step screening process.

Strengths and limitations of our study

Our study is the first in Australia to regard clinically relevant
OSA as the condition that needs managing at the primary care
level, given the uncertain clinical relevance of the more preva-
lent mild OSA.! Daytime sleepiness (as measured with the ESS)
was used to both define clinically relevant OSA and to help re-
fine the results of screening questionnaires, reflecting clinical
practice.

Our study included a population sample from an age group
that could benefit from the early diagnosis and treatment
of OSA. However, the low participation rate in TAHS-6 may
have led to selection bias. We used a level 4 sleep study as
the reference standard for defining clinically relevant OSA.”
Portable devices are of varying diagnostic utility,”*** but the
performance of ApneaLink is comparable with assessment of
AHI in a sleep laboratory, particularly in people with mod-
erate to severe OSA.” The device cannot distinguish obstruc-
tive and central respiratory events, but this was unlikely to
have markedly affected our results, as the population prev-
alence of central sleep apnoea is negligible in women and
about 0.4% in men.'"*”* Further, we probably underestimated
the prevalence of clinically relevant OSA by not scoring
electroencephalography-based arousals in the absence of de-
saturation in the auto-analysed ODI,, and not limiting scored
events to periods of sleep, both of which are standard for man-
ually scored type 2 sleep studies.”

On the other hand, people with ESS scores of 8 or more, partic-
ularly those with mild OSA, could be sleepy for reasons other
than OSA, which could partly explain the relatively high prev-
alence of clinically relevant OSA we found. As the screening
questionnaires have been validated in populations not pre-
selected according to their symptoms, our recruiting a sample
of people with the OSA-related symptoms covered by the ques-
tionnaires would have led to a large proportion of false pos-
itives. However, questionnaires are more likely to be used in
clinical practice after a patient has reported symptoms. As both
age and hypertension are assessed by OSA screening question-
naires, the diagnostic utility of these tools is likely to be dif-
ferent in younger patients or a population with a broader age
distribution.




Conclusions

The BQ, STOP-Bang and OSA-50 questionnaires, together with
an ESS score of 8 or more, can be used to rule in clinically rel-
evant OSA, but these criteria exclude more than half the patients
with clinically relevant OSA if used to rule out OSA. Further
work is required to determine how these patients can be effi-
ciently identified so that they can receive appropriate treatment.
Our STOP-Bang/ESS-based decision support tool may assist
primary care physicians make objective and uniform decisions
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