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ARTICLE INFO ABSTRACT

Keywords: Background: This pilot study investigated a new simplified OSA screening tool that could be used in primary care/
Clinical tools GP settings — the “GPSS” tool — “General Practice Sleep Scale” and compared against common existing OSA
Diagnosis

screening tools.

Methods: A convenience sample of patients attending the respiratory and sleep clinic in the Northern Territory of
Practice management Australia were included if they completed the GPSS prior to undergoing a diagnostic polysomnography. The
Risk assessment GPSS contained 9 questions to provide information on: sex, age, body mass index, neck circumference, snoring,
Sleep disorders witnessed apnoeas, morning tiredness, daytime sleepiness and presence of hypertension/diabetes/heart disease/
depression. Presence of OSA was defined as an apnoea-hypopnoea index of >15/hour. The GPSS scoring was
developed via log odds of regression predictions for each GPSS question upon OSA.

Results: 159 patients (65 % male, median age 45 years) were enrolled. A minimum score of 1 was assigned to
GPSS questions, up to 5 for the strongest predictor (neck circumference). The median total GPSS score was 13
(IQR 9, 16) (maximum 22) and correlated strongly with OSA (AUC 0.812 (95 % CI 0.744, 0.881)). Categorised
into low (0-7), moderate (8-13) or high risk (>13), a moderate or severe score had sensitivity 100, specificity
34.9 %. The GPSS significantly outperformed the Epworth Sleepiness Scale, Berlin questionnaire and OSA-50,
and was comparable but slightly improved against the STOP-Bang.

Conclusions: The proposed GPSS tool could be of use in general practice settings. Further prospective research is
warranted to test the applicability and adaptability of the GPSS tool in wider population settings.

Differential
Outcome assessment

such as, but not limited to cardiovascular disease, stroke and hyper-

1. Introduction tension [5]. The risk assessment is crucial in clinical decision making to

refer at risk patients for further testing to confirm the presence of OSA by

Obstructive sleep apnoea (OSA) is one of the most common forms of undergoing an overnight sleep study (Polysomnography (PSG)) [6,7].

sleep disorder encountered in day-to-day clinical practice, with preva- There are several well-established screening tools that are widely
lence as high as 38 % in the general adult population, with moderate to utilised for this purpose of which the most common are: (i) The Epworth
severe cases present in 6-17 % [1-4]. An integral component in clinical Sleepiness Scale (ESS); (ii) STOP-Bang screening tool; (iii) Berlin Ques-
decision making at the primary health care/General Practice (GP) level tionnaire; (iv) OSA-50; (v) Top End Sleepiness scale (TESS) (for
is the assessment of individuals risk factors for the presence of OSA. Australian Indigenous people) [8-12]. However, the aforementioned
Examples of such risk factors include male sex, obesity (body mass index screening tools test for differing risk factors, and may have inherent
(BMLI)), neck circumference, presence of medical co-morbid conditions deficiencies in addressing all of the risk factors for OSA. The ESS tool
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Abbreviation list

AHI Apnoea hypopnea index

AUC Area under the curve

BMI Body Mass Index

CI Confidence interval

DPH Darwin Private Hospital

DRSH Darwin Respiratory and Sleep Health
ESS Epworth Sleepiness Scale

GP General Practice

GPSS General Practice Sleep Scale
IQR Interquartile range

NT Northern Territory

OSA Obstructive sleep apnoea

OR Odds ratio

PSG Polysomnography

RDH Royal Darwin Hospital

ROC: Receiver operator characteristics
TEHS Top End Health Service

TESS Top End Sleepiness scale

only assesses daytime sleepiness and none of the other risk factors for
OSA. The Berlin questionnaire and OSA-50 do not include neck
circumference measures which are clinically significant for OSA risk
assessment [13]. Moreover, some of the screening tools, such as the
STOP-Bang and OSA-50 have a significant age and gender bias as they
were developed and validated predominantly to include patients over 50
years and males [14]. Indeed, OSA is prevalent in at risk younger in-
dividuals and adult women of all ages [15,16]. Additionally, the
STOP-Bang only utilises a binary risk classification for its’ components
(i.e. BMI >35 kg/mz), when risk increases are not always a binary or
linear process. As a result, overall, the existing OSA screening tools have
varying sensitivity and specificity across populations and settings [6,
17-22].

Nevertheless, despite the availability of various screening tools in
place, underdiagnosis of OSA continues [6,23], including in GP settings
[24]. Untreated sleep apnoea has been shown to lead to adverse meta-
bolic health consequences and to overall mortality [25]. In Australia, the
overall health care expenditure related to sleep disorders was estimated
to be around $7494 million USD [26]. This was in 2004, and the prev-
alence of sleep disorders has likely been increasing in line with an in-
crease in obesity and an ageing population. However, effective early
diagnosis and treatment can significantly reduce the harms associated
with sleep disorders, including OSA [27]. Hence, it is critical to develop
a comprehensive OSA screening tool for use at the primary care level
and in GP settings to adequately identify at risk OSA patients.

In line with what is observed in other Australian jurisdictions [28],
OSA is also reported to be highly prevalent in the Northern Territory
(NT) Australian population [16,29]. Several studies from our centre
have reported on various aspects of OSA from the Top End Health Ser-
vice (TEHS) region of the NT of Australia [16,29-41], including the
TESS screening tool that was developed specifically for the remote
Indigenous population [12,42]. This places us in an ideal clinical situ-
ation to develop and test an OSA screening tool in a population with a
high prevalence of OSA. Therefore, we developed a simple nine question
OSA risk assessment tool that may be adopted and used in the GP setting
- the “General Practice Sleep Scale” (GPSS) - and piloted it in a conve-
nient random sample to test the accuracy of the GPSS tool to identify at
risk patients with OSA. The aim of this study was primarily to develop
the scoring of the GPSS and test its accuracy in the prediction of OSA
against the gold standard of PSG, and secondarily to compare its efficacy
against commonly utilised existing OSA screening tools (ESS;
STOP-Bang; OSA-50; Berlin questionnaires) amongst patients presenting
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to the respiratory and sleep clinic in the TEHS region in the NT of
Australia.

2. Methods
2.1. Study setting

The NT is an Australian federal territory occupying the central-
northern region of Australia. The TEHS region within the NT covers
approximately 35 % or 475,338 km? of the total area of the NT and
consists of an estimated population of 195,000 people, representing 79
% of the total NT population [43,44]. This study was conducted at the
respiratory and sleep division based at the Royal Darwin Hospital
(RDH), a university affiliated tertiary care teaching hospital and Darwin
Respiratory and Sleep Health (DRSH), Darwin Private Hospital (DPH).
In the Australian context, for GPs to directly request a PSG, the patient
needs to demonstrate moderate-severe OSA as assessed on screening
questionnaire by fulfilling the following criteria: ESS >8 and one of
either STOP-Bang >3, OSA-50 > 5, or ‘high risk’ on the Berlin ques-
tionnaire [45]. However, patients can be referred for assessment for the
presence of OSA through other specialist pathways on clinical grounds.

2.2. Ethics

This study was approved by the Human Research Ethics Committee
of the NT Department of Health/TEHS and Menzies School of Health
Research. (Reference No: HREC 2021-4218). Informed consent by the
study participants was not obtained for the included study participants,
as the study was retrospective in nature and moreover, the ethics com-
mittee approved waiver for consent. Moreover, all included study par-
ticipants voluntarily answered the GPSS questionnaire that was
developed for routine screening assessment for at risk OSA patients in
the TEHS, NT region. Patients underwent a diagnostic sleep study only
as per the discretion of the treating respiratory/sleep physician irre-
spective of prior GPSS assessment tool completion or score.

2.3. The GPSS-OSA screening questionnaire

The GPSS questionnaire was designed in such a way that it could be
mostly answered by the patients, by themselves while attending a clinic
appointment prior to seeing a medical practitioner or during clinic
consultation with the medical practitioner. The questionnaire consisted
of items broadly representing two main clinical components (Box 1).
These are the patients’ base line clinical/demographic information (part
A) and symptoms or signs related to OSA (part B). The first two questions
in part B assess presence of nighttime OSA symptoms; the second two
questions assess the presence of daytime OSA symptoms; the last ques-
tion assesses the presence of medical co-morbidities that are known to be
associated with OSA. All part B questions are answered by a simple “Yes”
or “No” by the patient. Development of the scoring for the GPSS is
described below under the sub-heading — “GPSS score development and
statistical analysis”.

2.4. Study participants and questionnaire administration

This was a retrospective study involving a convenient and random
sample of patients who were willing to complete the questionnaire
voluntarily while attending the respiratory and sleep clinic appoint-
ments at the RDH and DPH. The GPSS questionnaire was also distributed
to local General practice (GP) clinics in the Darwin urban area and
remote health clinics visited by the respiratory sleep outreach team in
the TEHS region [40]. Patients were included if identified to have
completed the GPSS questionnaire prior to undergoing a diagnostic PSG
at DRSH. The questionnaires were given to individual patients by the
medical clinic administrative personnel or by a clinic nurse, and patients
were requested to fill out the details while waiting to be seen by the
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Box 1
Showing the two components used in the GPSS - OSA assessment tool

(A) base line demographic and clinical information;
a. age
b. sex/gender
c. height/weight and BMI
d. neck circumference or collar size

c. Do you wake tired or unrefreshed in the morning?

(B) The second component specifically represents sleep related domains;
a. Do you snore loudly? Does your partner complain of you snoring — does it disturbs others?
b. Has anyone ever seen you stop breathing, choking or gasping for air in your sleep?

d. Do you fall asleep easily (e.g. during meetings, watching TV etc)?
e. Do you suffer from high blood pressure, Diabetes, Heart disease or Depression?

medical practitioner. For those patients included while undergoing a
diagnostic PSG, the questionnaire was given to the patients by the sleep
technologists. No assistance was provided to answer the questionnaire
until or unless requested by the patients, in order to assess the feasibility
for patients themselves to complete the form independently. In addition
to the GPSS questionnaire, other screening tools completed by the pa-
tients prior to undergoing an initial sleep study (PSG) were recorded
when available (i.e. ESS; STOP-Bang; OSA-50; Berlin questionnaires).

2.5. Polysomnography (PSG) data

All PSGs were performed at the DRSH facility currently accredited by
the National Association of Testing Authorities, Australia and the
Australian Sleep Association. The diagnostic PSGs were performed as
either Level 1 studies (in-Lab, with a sleep technologist in attendance) or
as Level 2 sleep studies (un-attended). For the purposes of this study, the
presence of OSA was defined by an Apnoea-Hypopnoea Index (AHI) of
>15/hour (at least moderate severity). As per usual protocol at the
DRSH centre, clinical and demographic characteristics including: age,
sex, height, weight, BMI, smoking history and medical co-morbid con-
ditions; such as the presence of diabetes, hypertension, heart disease,
including presence of mental health disorders are routinely collected for
patients undergoing a sleep study (PSG). Further details regarding PSG
testing protocol as per recommended guidelines are available from a
previous report from our centre [28]. Note that presence of comorbid-
ities (diabetes, hypertension, heart disease and depression) are also
asked in the GPSS, as well as collected prior to PSG testing. For the
purposes of this study when testing the validity of the GPSS, we utilised
only what the patient had self-reported in the GPSS. Participants were
excluded from the analysis if the sleep study was considered failed (i.e.
AHI was not available), or if the GPSS was not completed. In the case of
participants who had more than one visit during the study period, only
data from the first GPSS and first PSG was utilised.

2.6. GPSS score development and statistical analysis

In order to derive and validate the scoring associated with each
question of the GPSS, the participant cohort was randomly split to either
the development cohort (n = 79) (used to develop the scores associated
with each question of the GPSS) or the validation cohort (n = 80) (used
to validate the developed scores) via a random number generator within
STATA IC 15 (College Station, Texas). Age was split into three age cat-
egories based on inspection of the area under the curve (AUC) receiver
operator characteristics (ROC) graph to maximise the univariate AUC
for OSA. Neck circumference was split into three categories in the same
fashion, though assessed individually by male and female due to
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differences in neck size distribution. BMI was categorised as normal
weight, overweight, obese and morbidly obese on the basis of previous
research showing greater risk of OSA with increasing BMI. Univariate
logistic regression, reporting log odds for association with OSA, were
conducted for each of the nine questions within the GPSS, namely: sex,
BMI category, age category, neck circumference category, self-reported
snoring, witnessed apnoeas, morning tiredness, daytime sleepiness, and
self-reported hypertension/diabetes/heart disease/depression. The
score for each parameter was defined by the logistic regression beta
coefficient rounded to the nearest 0.5, with a minimum score for each
parameter set at 0.5. The total GPSS score was thus the sum of each
parameter score within the GPSS. For ease of use of the GPSS by patients
and practitioners however, the scoring was doubled, such that only
whole number scores were assigned. The total score was then divided
into three categories in a similar fashion as other existing questionnaires
(low risk, moderate risk and high risk), based on inspection of points
which maximised the AUC. The accuracy of the GPSS total score was
tested in the validation cohort via AUC ROC analysis, and the accuracy
of the three-group categorisation additionally shown through the
sensitivity, specificity and correct classification of patients OSA status.
The overlap between the GPSS and other screening tools was tested in
the total cohort of patients (for whom data was available) via both
Pearsons pairwise correlation reported as R2, and via Cohens Kappa,
reporting the Kappa and p-value. To showcase the efficacy of the GPSS
against existing questionnaires, we additionally conducted AUC ROC
analysis of the ESS (total score), the Berlin questionnaire (categorised as
low risk or high risk), the OSA-50 (total score) and the STOP-Bang (total
score and categorisation as low, moderate or high-risk) for participants
who had these data available. To further assess the efficacy of the GPSS
against existing screening tools we retrospectively categorised those
who fit the current direct referral route (described above) through either
the STOP-Bang, OSA-50, Berlin questionnaire or any combination of the
three and compared the proportion of those with OSA against those who
fit our GPSS risk criteria and had OSA via two-tailed proportions z-test.

3. Results
3.1. Clinical and demographic data

A total of 159 patients completed the GPSS and had an acceptable
diagnostic PSG. The median age of the included patients was 45 years

(IQR 34, 54), the majority were male (65 %) and the median BMI was 31
kg/m2 (IQR 27.7, 37.7) (Supplementary Table 1).
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3.2. GPSS and OSA assessment

Several aspects of the GPSS did not show a statistically significant
association with OSA in this study (sex, witnessed apnoeas, morning
tiredness, daytime sleepiness and presence of comorbidities) — however,
they were included on the basis of previous research which has shown
significant correlations between these parameters and OSA. In the
development cohort, a normal range BMI predicted absence of OSA
perfectly and was thus omitted from the model and overweight BMI
parameter was used as the reference (Table 1). A baseline score of 0.5
was thus assigned to overweight and the scores for obese and morbidly
obese were calculated as 0.5+Beta value, and then rounded to the
nearest 0.5. A BMI >40 kg/m2 and a neck circumference of >46 cm for
males or >38 cm for females showed the strongest associations with
OSA. Upon review, in order to make the scoring easier for patients and
healthcare staff, we opted to double the score assigned for each
parameter so only whole numbers were present.

3.3. Regression analysis

Following the logistic regressions, the total maximum score of the
GPSS was 22 points. In the development cohort the median GPSS score
was 13 (IQR 9, 16) and an increasing score showed a significant asso-
ciation with OSA (OR 1.46 (95 % CI 1.23, 1.72), Pseudo R%= 0.300,p <
0.001) and an AUC ROC of 0.839 (Fig. 1).

3.4. Risk assessment

From inspection of the AUC ROC (Fig. 1) two cutpoints were deter-
mined to define a moderate risk (GPSS >7) and a high risk (GPSS >13)
for OSA. In the development cohort 11 patients (n = 0 (0 %) with OSA)
were in the low risk category, 29 (n = 11 (37.9 %) with OSA) in the
moderate risk and 39 (n = 32 (82.1 %) with OSA) in the high risk
category. The AUC for the three category model was 0.814 (95 % CI
0.727, 0.901) with a moderate or severe score having sensitivity 100 %,
specificity 30.6 % & correctly classified 68.4 %, while a severe score
alone had sensitiviy 74.4 %, specificity 80.6 % & correctly classified
77.2 % of patients.

Table 1
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Fig. 1. AUC ROC for the GPSS in the development cohort
Abbreviations: AUC, Area under the curve; GPSS, General practice sleep scale;
ROC, Receiver operator characteristic; CI, Confidence interval.

3.5. Validation cohort data

In the validation cohort the median GPSS score was 13.5 (IQR 9.5,
15.5). The GPSS overall retained a significant association with OSA (OR
1.37 (95 % CI 1.17, 1.59), Pseudo R? = 0.219, p < 0.001). Eleven pa-
tients were categorised as low risk (n = 0 (0 %) with OSA), 29 as
moderate risk (n = 19 (65.5 %) with OSA) and 40 (n = 34 (85 %) with
OSA) as high risk. The AUC for the three category model was 0.783 (95
% CI 0.676, 0.890) with a moderate or severe score having sensitivity
100 %, specificity 40.7 % & correctly classified 80 %, while a severe
score alone had sensitiviy 64.2 %, specificity 77.8 % & correctly clas-
sified 68.8 % of patients. A breakdown of the univariate logistic
regression results of the GPSS score within the validation cohort is
available in Supplementary Table 2.

3.6. Comparison against other established sleep assessment tools
In our total cohort (n = 159) all participants had the ESS and the

STOP-Bang available, 128 (80.5 %) had completed the OSA-50, and 127
(79.9 %) the Berlin questionnaire. The total GPSS score did not show any

Results of univariate logistic regression for presence of OSA by each aspect of the GPSS in the development cohort.

Clinical parameters Clinical variables

Number (%)

Beta (95 % CI) Initial score Doubled score

Sex Female 29 (36.7 %) Reference - -
Male 50 (63.3 %) 0.84 (0.1, 1.77) 1 2
BMI (kg/m?) Normal weight (BMI <25 kg/m?) 6 (7.6 %) Omitted - -
Overweight (BMI 25 < 30 kg/mz) 27 (34.2 %) Reference 0.5 1
Obese (BMI 30 < 40 kg/m?) 33 (41.8 %) 0.65 (—0.38, 1.69) 1 2
Morbidly obese (BMI >40 kg/mz) 13 (16.5 %) 1.93 (0.24, 3.61) 2.5 5
Age (years) <34 years 24 (30.4 %) Reference - —
34 < 45 years 13 (16.5 %) 0.54 (—0.84, 1.92) 0.5 1
>45 years 42 (53.2 %) 1.5 (0.42, 2.57) 1.5 3
Neck circumference (cms) M < 39.5cm, F < 35.5 cm 22 (27.8 %) Reference - -
M 39.5 < 46 cm, F 35.5 < 38 cm 34 (43 %) 2.11 (0.82, 3.4) 2 4
M > 46 cm, F > 38 cm 23 (29.1 %) 2.55 (1.12, 3.97) 2.5 5
Snoring No 21 (26.6 %) Reference - -
Yes 58 (73.4 %) 1.48 (0.39, 2.57) 1.5 3
Apnoea No 40 (50.6 %) Reference - -
Yes 39 (49.4 %) 0.57 (—0.33, 1.47) 0.5 1
Morning tiredness No 13 (16.5 %) Reference - -
Yes 66 (83.5 %) 0.4 (—0.8,1.59) 0.5 1
Daytime sleepiness No 36 (45.6 %) Reference - -
Yes 43 (54.4 %) 0.12 (-0.77, 1.01) 0.5 1
HTN, Depression, Diabetes, Heart disease No 46 (58.2 %) Reference -
Yes 33 (41.8 %) 0.43 (—0.48, 1.34) 0.5 1

Abbreviations: BMI, Body mass index; HTN, hypertension.
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correlation with the ESS score (R? = 0.157, p = 0.487), though it did
show a moderate correlation with the Berlin questionnaire risk catego-
risation (R? = 0.497, p < 0.001) and the OSA-50 (R = 0.724, p <
0.001), and a strong correlation with the total STOP-Bang score (R? =
0.825, p < 0.001). The three-group categorisation of the GPSS and
STOP-Bang retained a significant though attenuated pairwise correla-
tion compared to the total scores of each (Table 2). Considering the GPSS
as a binary determiner with a moderate risk score (score >7), there was
no agreement with an ESS binary score (Kappa —0.009), fair agreement
with Berlin questionnaire and STOP-Bang high risk scores (Kappa’'s
0.344 & 0.214 respectively), and moderate agreement with STOP-Bang
moderate risk score (Kappa 0.574) (Table 3). However, when consid-
ering the GPSS high risk score (score >13), there was substantial
agreement with the STOP-Bang high risk score (Kappa 0.635). Notably,
two patients were considered a low risk by the STOP-Bang, and yet a
high risk by the GPSS, of which one had OSA. Of the six patients classed
moderate risk by STOP-Bang and low risk by GPSS, none had OSA.

In the total cohort, the GPSS total score significantly outperformed
the ESS, Berlin questionnaire and the OSA-50 for the prediction of OSA
(Table 4, Fig. 2). The GPSS also showed slightly greater accuracy than
the STOP-Bang, though the difference was not statistically significant.
Notably the GPSS three-group categorisation retained 100 % sensitivity
when classifying patients as moderate or severe risk across each cohort.

A significantly greater proportion of patients would meet the criteria
for referral to further testing via sleep study (PSG) if the GPSS criteria
were utilised compared to any other screening tool (Table 5). Among
those patients referred, there would be no significant difference in the
frequency of patients not having OSA by referral route. Among those
patients who were not referred however, there would be a significant
difference in the frequency of OSA, as 0 % of patients potentially not
referred by the GPSS would have OSA, compared to 50-54 % of patients
potentially not referred by utilising other questionnaires.

4. Discussion

This study demonstrates that the proposed GPSS screening tool
(illustrated in Fig. 3) is able to predict the presence of OSA among at risk
patients and could be of value for use in GP settings. The performance of
the GPSS tool was significantly better than the existing ESS, Berlin
questionnaire and the OSA-50 for predicting the presence of moderate
severity OSA. Although the STOP-Bang tool performance was similar to
the GPSS tool, a score of moderate or severe with the GPSS tool showed
100 % sensitivity, compared to 94.8 % for the STOP-Bang. Notably
however, the GPSS tended to categorise patients as a higher risk than the
STOP-Bang, with 12 of the 28 patients defined as low-risk by the STOP-
Bang categorised as moderate or high-risk by the GPSS (of whom 5 (41.7
%) had OSA), and 18 of the 63 patients defined as moderate-risk by the
STOP-Bang categorised as high-risk by the GPSS (of whom 14 (77.8 %)
had OSA).

Over the past several decades there have been efforts to establish
comprehensive screening tools to better identify at risk patients with

Table 2

Risk group categorisation of the GPSS and the STOP-Bang showing the number
in each category, and within parenthesis the number (percentage) of those who
had OSA.

Risk GPSS score
A
ssessment Risk Low risk Moderate risk High risk
(n=22) (n = 58) (n=79)
STOP-Bang Low risk (n = 16 (0 (0 10 (4 (40 %)) 2 (1 (50
28) %)) %))
Moderate risk 6(0(0%) 39(20(51.3 18 (14
(n=63) %)) (77.8 %))
High risk (n = 0(0(0%) 9(6(66.7 %)) 59 (51
68) (86.4 %))

Abbreviations: GPSS, General practice sleep scale.
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Table 3
Cohens Kappa showing agreement between GPSS and alternate questionnaires
across risk categories.

GPSS score
GPSS p-value GPSS p-value (low/ p-value
>7 >13 mod/
high)
ESS >8 —0.009 0.563 0.195 0.007*
Berlin (n = 0.344 <0.001* 0.416 <0.001*
127) (high
risk)
OSA 50 > 5 0.480 <0.001* 0.421 <0.001*
(n=128)
STOP-Bang 0.543 <0.001*
(low/mod/
high)
STOP-Bang 0.574 <0.001*  0.299 <0.001*
>3
STOP-Bang 0.214 <0.001* 0.635 <0.001*
>5

* Indicates p-value <0.05.
Abbreviations: ESS, Epworth sleepiness scale; OSA, Obstructive sleep apnoea;
GPSS, General practice sleep scale.

Table 4
AUC ROGs, sensitivity and specificity for the ESS, Berlin questionnaire, OSA-50,
STOP-Bang and GPSS for the total cohort.

Sleep assessment AUC Sensitivity ~ Specificity =~ PPV NPV
tools
ESS (continuous) 0.545 - - - -
(0.454,
0.637)
ESS >8 0.559 53.1 % 58.7 % 66.2 45.1
(0.480, % %
0.639)
Berlin (n = 127) 0.590 74 % 44 % 67.1 52.4
(high risk) (0.505, % %
0.675)
OSA 50 (n = 128) 0.729 - - - -
(0.641,
0.817)
OSA 50 >5 0.700 85.9 % 54 % 74.4 71.1
(0.620, % %
0.779)
STOP-Bang 0.783 - - - -
(continuous) (0.710,
0.855)
STOP-Bang (low/ 0.762 - - - -
mod/high) (0.692,
0.833)
STOP-Bang >3 0.657 94.8 % 36.5 % 69.5 82.1
(0.593, % %
0.721)
STOP-Bang >5 0.710 59.4 % 82.5% 83.8 57.1
(0.641, % %
0.778)
GPSS (continuous) 0.812 - - - -
(0.744,
0.881)
GPSS (low/mod/ 0.795 - - - -
high) (0.728,
0.862)
GPSS >7 0.675 100 % 34.9 % 70.1 100
(0.615, % %
0.734)
GPSS >13 0.741 68.8 % 79.4 % 83.5 62.5
(0.672, % %
0.809)

Abbreviations: AUC, Area under the curve; ESS, Epworth sleepiness scale;
GPSS, General practice sleep scale; OSA, Obstructive sleep apnoea; ROC,
Receiver operator characteristic; PPV, Positive predictive value; NPV, Negative
predictive value.
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Fig. 2. AUC ROC:s for the ESS, Berlin questionnaire, OSA-50, STOP-Bang and
GPSS in our total cohort.

Abbreviations: AUC, Area under the curve; ESS, Epworth sleepiness scale;
GPSS, General practice sleep scale; OSA, Obstructive sleep apnoea; ROC,
Receiver operator characteristic.

Table 5
Comparison of proportion of patients with OSA by referral method.

OSA Screening Referred Referredanddo  Not Not referred
tools not have OSA referred and have OSA
STOP-Bang (n = 65 (40.9 16 (24.6 %) 94 (59.1 47 (50 %)*
159) %)* %)
OSA-50 (n = 127) 43 (33.6 9 (20.9 %) 85 (66.4 44 (51.8 %)*
%)* %)
Berlin 49 (38.6 14 (28.6 %) 78 (61.4 42 (53.8 %)*
questionnaire (n %)* %)
=128)
Any questionnaire 70 (44 19 (27.1 %) 89 (56 45 (50.6 %)*
(n =159) %)* %)
GPSS >7 (n=159) 137 41 (29.9 %) 22(13.8 0 (0 %)
(86.2 %) %)

Abbreviations: GPSS, General practice sleep scale; OSA, Obstructive sleep
apnoea.

* indicates significant difference in proportions to the GPSS at p < 0.05.
Referred indicates a referral for a sleep study (polysomnography) testing.

sleep disorders, not only limited to OSA [46,47]. These screening tools
have varied in the parameters that have been utilised and, in some cases,
more than 175 clinical parameters have been suggested for assessment
of sleep disorders [48,49]. Previous studies have demonstrated that
despite easy access to well established OSA screening tools (ESS,
STOP-Bang, Berlin questionnaire), primary care providers (GPs) do not
routinely screen, assess, or refer to sleep specialist services for further
assessments [50,51]. However, it is imperative to understand that GPs
often encounter patients with complex medical issues in day-to-day
clinical practice and moreover, are impeded by time constraints
restricting their ability to implement any of the multiple or complex OSA
screening tools [52,53]. In the year 2023, 80.8 % of GP attendances were
6-20-min consultations, highlighting that the time taken to fill multiple
questionnaires within a consultation is likely a significant barrier to
assess for OSA, let alone to further initiate specialist referrals or to un-
dergo a sleep study (PSG), especially alongside other competing com-
plex medical co-morbidities [54]. Hence, it is reasonable to speculate
that a simplified sleep screening tool such as the proposed GPSS tool
may be more accessible, by creating synergy between the patient and
primary care provider, as this tool may be completed by the patient in
the waiting room, and thereby trigger further investigations for the
presence of OSA in at risk patients.

The current referral guidelines in Australia require a patient to
demonstrate moderate-severe OSA on screening questionnaire via an
ESS score >8 and either STOP-Bang >3, OSA-50 > 5, or ‘high risk’ on the
Berlin questionnaire [45]. In our analysis however, by utilising these
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criteria, more than 50 % of those patients who did not meet the referral
criteria recorded OSA on PSG. It is likely that this is mainly due to the
ESS threshold not being met, as we showed the ESS was the poorest
predictor for OSA in this population. However, the STOP-Bang, which
was the best performing tool apart from the GPSS, also tended to un-
derestimate the risk for OSA. In light of the recognised potential for
underdiagnosis of OSA, and the health sequalae that may follow [6,
23-25], this suggests that new referral guidelines for PSGs should be
considered. The proposed GPSS tool is specifically designed to capture
the most relevant data in the risk assessment for the presence of OSA.
Moreover, it is simple to understand and is designed in such a way that
patients can answer almost all questions by themselves, and it can be
administered by practice clinical nurse consultant or medical adminis-
tration staff member prior to consultation with their primary health
practitioner.

Previous studies have found that the sensitivity and specificity of
questionnaires to be quite variable depending on the population, with
the STOP-Bang showing 94 & 32 %, the Berlin Questionnaire (>3) 82 &
39 %, the OSA-50 95 & 51 %, and the TESS (>3) 84 & 38 % respectively
[11,12]. In the current study, the Berlin Questionnaire and OSA-50
showed significantly reduced accuracy in comparison to the
STOP-Bang and the GPSS, highlighting that their validity depends upon
their deployment and use within the right population context and
setting. This includes both patient demographics, and their environ-
ment. In the current setting the lower accuracy of the STOP-Bang is
likely due to the relatively younger age, and lower BMI from our study
population, with the median for both being below the threshold for a
score according to the STOP-Bang. This highlights that in younger and
less obese populations, where OSA may be more likely underlined by
comorbidities and deeper complex pathophysiology compared to just a
higher body mass, the STOP-Bang may underperform. Furthermore, in
the current study’s external environment, there are relatively low levels
of noise pollution, light pollution and ambient air pollution, and due to
the latitude, the temperature and daytime light hours are relatively
consistent across the year. These factors are not routinely considered
within screening questionnaires, however they have all been shown to
correlate with daytime sleepiness, and may thus influence and bias re-
sults of screening questionnaires [55-58].

In the current study, OSA was defined as an AHI of at least 15 which
reduced the specificity of the GPSS. However, patients with an AHI of >5
may also benefit from referral and treatment — especially in the context
of cardiorespiratory comorbidities. Of those 41 patients in the current
study who did not have an AHI >15, 32 (78 %) had an AHI >5, and thus
may warrant some form of treatment anyway. Furthermore, in the GP
setting, the GPSS is designed to start a conversation and thinking about
potential sleep health issues. It is up to the GP to use clinical reasoning in
addition to the screening tool, incorporating fuller knowledge of the
patients’ medical conditions, lifestyle and symptoms to refer patients for
further assessment. Identifying where the risk score comes from on the
GPSS for the patient is vital to appropriate referral and treatment op-
tions i.e. a high BMI and neck circumference yet no signs, symptoms or
comorbidities compared to a low BMI, young age, low neck circumfer-
ence and presence of signs, symptoms and comorbidities. Nevertheless,
this study has demonstrated that this simplified “GPSS” screening tool
could be adopted in primary care and GP settings (Supplementary file 3
and 4). However, further prospective studies are warranted in a wider
population setting to assess the applicability and the validity of the
proposed GPSS tool.

5. Limitation

The GPSS tool was assessed in a population from the NT of Australia.
Hence, the applicability in other population setting is not known. In this
retrospective study only 159 consecutive patients were included.
Although it may reflect a random sample population, it is unclear if the
outcomes represented have sufficient scope for further population wide
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GENERAL PRACTICE SLEEP SCALE

Name

Address (optional)

Phone (optional)

Gender/Sex: Height: Weight:

Female score 0, Male score 2

1. Whatis your age?

[0 34 years or younger [0 35to 45 years [ More than 45 years
Score 0 1 3
2. What is your Body Mass Index (BMI)?

[ Less than 25 [J25t0 30 [J30to 40 [ More than 40
Score 0 1 2 5

3. Whatis your Neck circumference or Collar size?

Female [135.5cmorless [J35.5t0 38 cm [J More than 38 cm
Male [139.5cm or less [139.5t0 46 cm [J More than 46 cm
Score 0 4 5

Answer yes or no to the following questions. Once you have answered all questions,
tally the number of questions you marked ‘yes’ to and write your score below.

4. Do you snore loudly? Does your partner complain of your snoring - does it disturb

others?
OYes CONo
Score 3 0

5. Has anyone ever seen you stop breathing, choking or gasping for air in you sleep?

OYes OONo
Score 1 0

6. Do you awake tired of unrefreshed in the morning?

OYes CONo
Score 1 0

7. Doyou fall asleep easily (e.g. during meetings, watching TV etc.)

OYes ONo
Score 1 0

8. Do you suffer from high blood pressure, diabetes, heart disease, or Depression?

OYes ONo
Score 1 0

TOTAL:
If the score is more than 7, further discussion needs to be considered for investigations
and management strategies if appropriate

Fig. 3. The GPSS screening tool
[Electronic version available for use at: www.darwinsleephealth.com.au and https://darwinsleephealth.netlify.app/]
Abbreviations: GPSS, General practice sleep scale.

generalisation. Moreover, there could be bias, as the study participants 6. Conclusion
were inclusive of referred patients attending the respiratory and sleep
clinic appointments with potential high index for presence of OSA. The proposed simple GPSS represented in this study can potentially

be used as a standalone tool or complement other established screening
tools in assessing at risk patients with OSA. It showed the greatest
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accuracy for predicting OSA in this cohort and may offer greater ease of
use and efficiency in the initial screening for high risk OSA patients
amongst the general population. Further prospective research is war-
ranted to test the applicability and adaptability of the GPSS tool in wider
population settings.
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