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reported a lower prevalence of OSA (apnoea-hypopnoea index 
[AHI] ≥ 15) of 3.6% in a sample encompassing a younger popu-
lation; 5.7% in males and 1.2% in females.6 A report by the Sleep 

Study Objectives: To compare the use of sleep diagnostic 
tests, the risks, and cofactors, and outcomes of the care 
of Indigenous and non-indigenous Australian adults in 
regional and remote Australia in whom sleep related 
breathing disorders have been diagnosed.
Methods: A retrospective cohort study of 200 adults; 
100 Aboriginal and Torres Strait Islander and 100 
non-indigenous adults with a confirmed sleep related 
breathing disorder diagnosed prior to September 2011 at 
Alice Springs Hospital and Cairns Hospital, Australia.
Results: Results showed overall Indigenous Australians 
were 1.8 times more likely to have a positive diagnostic 
sleep study performed compared with non-indigenous 
patients, 1.6 times less likely in central Australia and 3.4 
times more likely in far north Queensland. All regional 
and remote residents accessed diagnostic sleep studies 
at a rate less than Australia overall (31/100,000/y (95% 
confidence interval, 21–44) compared with 575/100,000/y).
Conclusion: The barriers to diagnosis and ongoing care 

are likely to relate to remote residence, lower health self-
efficacy, the complex nature of the treatment tool, and 
environmental factors such as electricity and sleeping 
area. Indigeneity, remote residence, environmental 
factors, and low awareness of sleep health are likely to 
affect service accessibility and rate of use and capacity 
to enhance patient and family education and support 
following a diagnosis. A greater understanding of enablers 
and barriers to care and evaluation of interventions to 
address these are required.
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Sleep related breathing disorders are a common and under-
diagnosed problem in Australia.1 Obstructive sleep apnoea 

(OSA) is one of the most common, and is associated with in-
termittent upper airway obstruction.2 Symptoms include snor-
ing, witnessed apnoeas (breathing cessation), disrupted sleep 
(arousals), and excessive daytime sleepiness.2 Polysomnogra-
phy (PSG) is the ‘gold standard’ method of OSA diagnosis.3

Management may include lifestyle modifi cation (weight loss, 
and alcohol and smoking cessation), continuous positive air-
way pressure (CPAP), surgery or the use of oral devices that 
hold the lower jaw forward.4 OSA has an effect on health and 
well-being and 5.3% of the risk of stroke, 1.1% of heart failure, 
3.6% of coronary heart disease, and 6.2% of depression can be 
attributed to OSA.1

The reported prevalence of OSA in Australia varies5,6 with a 
range of methods used to defi ne diagnostic criteria and popula-
tions, and is rapidly rising. Bearpark et al. reported a prevalence 
of OSA (defi ned as respiratory disturbance index [RDI] ≥ 10) 
of 9.9% among her sample of 294 Australian males aged 40–
65 y, with 3% of participants having symptoms.5 Olsen et al.’s 
Australian study of 1,233 males and 969 females aged 35–69 y 
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SCIENTIFIC INVESTIGATIONS

BRIEF SUMMARY
Current Knowledge/Study Rationale: There are currently no pub-
lished data relating to the nature of sleep related breathing disorders 
affecting Aboriginal and Torres Strait Islander adults. Addressing these 
knowledge gaps is particularly relevant as access to diagnostic and 
treatment services for sleep related breathing disorders for Indigenous 
Australians is likely to be infl uenced by their lifestyle and cultural and 
geographic factors, all of which can impede access to health care and 
the ability to comply with management plans.
Study Impact: Our data from northern and central Australia have dem-
onstrated that Aboriginal and Torres Strait Islander peoples have a re-
duced rate of use of diagnostic sleep services and there are signifi cant 
diffi culties in ensuring follow-up and thus, by extension, the implemen-
tation and refi nement of treatment. Education regarding the health risks 
of untreated OSA and the benefi ts of treatment is essential, as is sup-
port for patients and local health care providers to persevere through 
the diffi cult adjustment period when commencing continuous positive 
airway pressure treatment therapy.
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Health Foundation estimated the prevalence of OSA in Aus-
tralia in 2010 was 4.7% or approximately 750,000 Australians.1 
A recent Australian community cohort study reported an OSA 
(AHI ≥ 10) prevalence of 53% in males age 40 y or older, and 
a moderate (AHI 20–29) to severe (AHI ≥ 30) OSA prevalence 
of 26%.7 Comparable studies of indigenous peoples from New 
Zealand8 and Canada9 reported a Māori OSA prevalence of 14% 
(RDI ≥ 5), 11% (RDI ≥ 10) and 6% (RDI ≥ 15), and American 
Indian OSA prevalence of 33% (AHI 5–14) and 23% (AHI ≥ 15).

The Australian study reported prevalence is increasing and is 
thought to relate to a corresponding rise in comorbidities, par-
ticularly hypertension, diabetes, and obesity.7 Results from the 
2009 annual South Australian Health Omnibus Survey found a 
high prevalence of factors associated with sleep related breath-
ing disorders including: snoring 49.7%, waking unrefreshed 
24.8%, excessive daytime sleepiness 27.7%, high blood pressure 
28.3%, and overweight or obese 46.7%.10 Overall 57% of males 
and 20% of females were classified at high risk of OSA, with a 
combined prevalence of 27.8%, and increased risk with age.10

Despite its significant effect in Australia, the nature and 
burden of sleep related breathing disorders in Australia’s adult 
Aboriginal and Torres Strait Islanders has not been studied. 
The three studies that have examined sleep health in Indige-
nous Australians have been restricted to children.11–13 Blunden 
and Chervin investigated symptoms of sleep disorders in 25 
Indigenous and 25 matched non-indigenous participants aged 
7–11 y in northern Australia.11 Sleep disordered breathing was 
reported in 5% of the sample (3% of Indigenous and 2% of 
non-indigenous children), and excessive daytime sleepiness 
was reported in 9% (5% of Indigenous and 4% of non-indig-
enous children). Cooper et al.’s similarly small study of 21 In-
digenous children age 6–13 y in northern Australia suggested 
that increasing age was significantly associated with greater 
sleep latency and reduced sleep efficacy, and that movement 
during sleep and sleep fragmentation was associated with 

reduced academic performance.12 The third and larger study 
by Valery et al. investigated the prevalence of snoring and rest-
lessness and its relationship with asthma in 1,650 Indigenous 
children in five communities in the Torres Strait region.13 The 
prevalence of restless sleep was 6% and snoring 14.2% and 
both were associated with a coexistent diagnosis of asthma.

Despite Aboriginal and Torres Strait Islander people hav-
ing increased risk factors for OSA (diabetes, obesity) and high 
levels of comorbid associated conditions (chronic non-commu-
nicable diseases),14 there are currently no published data relat-
ing to the nature of sleep related breathing disorders affecting 
Aboriginal and Torres Strait Islander adults. Although there is 
considerable information from metropolitan services regard-
ing diagnostic and management pathways for OSA, there is 
less information regarding care for Australians living in re-
gional and remote Australia and particularly for Indigenous 
Australians. Addressing these knowledge gaps is particularly 
relevant as access to diagnostic and treatment services for 
sleep related breathing disorders for Indigenous Australians is 
likely to be influenced by their lifestyle, and cultural and geo-
graphic factors, all of which can impede access to healthcare 
and the ability to comply with management plans.1

The purpose of this study was therefore to compare the 
level of use of sleep services and prevalence of clinical fac-
tors associated with OSA and the management of OSA among 
Aboriginal and Torres Strait Islander peoples and non-indige-
nous people living in regional and remote northern and central 
Australia and to use this information to inform health service 
development, to highlight knowledge gaps and identify targets 
for future research and intervention.

METHODS

Setting
Study sites were hospital-based sleep clinics in Cairns Hos-

pital in the tropical north and Alice Springs Hospital in the arid 
center of Australia (Figure 1). Cairns Hospital serves a popu-
lation of approximately 250,000 people with a significant pro-
portion of Aboriginal and Torres Strait Islander people (15% of 
the hospital catchment population are Indigenous Australians,15 
compared with 3.6% in all of Queensland,16 and 2.5% for Aus-
tralia overall16). The clinic is based at Cairns Hospital and is 
permanently staffed with two specialist sleep and respiratory 
physicians, a specialist trainee, one senior respiratory/sleep 
scientist, and two sleep technologists. Approximately 204 diag-
nostic PSG studies are performed each year [J. Ferns, personal 
communication, August 5, 2013]. All studies are performed in 
a hospital-based sleep laboratory. Medicare funded hospital or 
sleep clinic-based PSG studies require continuous monitoring of 
oxygen saturation and breathing using a multichannel polygraph, 
and recordings of electroencephalogram (EEG), electro-oculo-
gram (EOG), submental electromyogram (EMG), anterior tibial 
EMG, respiratory movement, airflow, oxygen saturation, and 
electrocardiogram (ECG) and are performed with a technician 
in continuous attendance. Results are analyzed by the senior 
respiratory/sleep scientist and reported by a sleep physician. A 
physician and specialist trainee also conduct regular outreach 
clinics to remote communities in the health service catchment 

Figure 1

Study sites (Alice Springs and Cairns) and associated health service 
catchment (gray).
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(Figure 1) to review current patients and assess referred pa-
tients. Although this is the only publically funded sleep clinic 
in the Cairns area and the Cape York and Torres Strait catch-
ments north of Cairns, private sleep clinics also operate in this 
area. It is assumed most local Indigenous people utilize the pub-
lic service due to the high cost of private sleep clinic studies17 
and some non-indigenous residents may utilize private clinics or 
travel to larger centers for diagnostic studies.

All Queensland residents in receipt of a welfare payment 
or a low-income concession card are eligible for a govern-
ment-provided CPAP machine but patients must purchase the 
mask and tubing.

The central Australian site has a catchment population of 
approximately 45,000 people,18 of whom approximately 36.2% 
identify as Indigenous (predominantly Aboriginal Australians) 
compared with 26.8% in all of the Northern Territory.16 The 
sleep service is based at Alice Springs Hospital and provided 
by visiting respiratory and sleep physicians from Adelaide 
in South Australia working with local respiratory and sleep 
nurses, technicians and administrative staff (Figure 1). On 
average, 97 diagnostic sleep studies are performed each year 
(P. Singh, personal communication, August 6, 2013), and all 
are home based. Type II home-based sleep studies using Medi-
care-funded limited channel portable polysomnogram moni-
tors are required to monitor a minimum of seven physiological 
parameters: continuous EEG, continuous ECG, airflow, thora-
coabdominal movement, oxygen saturation, and at least two of 
the following: EOG, chin EMG, and body position.19 The main 
difference between hospital and home-based PSG is the pres-
ence or absence of a technologist. Portable monitors are an ac-
ceptable alternative to PSG and the available literature shows 
portable monitoring can be as accurate as PSG for diagnosis in 
populations without significant comorbidities.20

Central Australian sleep study results are analysed by sen-
ior sleep scientists and reported by senior sleep physicians in 
Adelaide. This is the only sleep clinic in central Australia and 
although it is assumed most local Indigenous people use this 
service,17 some non-indigenous residents may travel to large 
centers for diagnostic studies.

All central Australian residents in receipt of a disability or 
age pension and Indigenous Australian patients with complex 
chronic disease needs are eligible for a government-provided 
CPAP machine and initial mask and tubing.

Data Collection and Analysis
A retrospective audit was conducted in 2012–2013. Ethics 

approvals from the Cairns and Hinterland Hospital and Health 
Service District, central Australian human research ethics 
committees (HREC) and James Cook University HREC were 
obtained. Consecutive records of Indigenous and non-indige-
nous patients having diagnostic PSG were reviewed. The aim 
was to identify and review 50 Indigenous and 50 non-indige-
nous records that met the inclusion criteria at each site with a 
total of 200 records reviewed.

Inclusion criteria were PSG occurring prior to September 
1, 2011 and apnoea-hypopnoea index (AHI) ≥ 5 if symptoms 
were present (snoring, witnessed apnoeas, motor vehicle acci-
dent due to fatigue, and history of fatigue/excessive daytime 
sleepiness) or AHI ≥ 15 in asymptomatic patients.

Data collected included: demographic information (age, sex, 
height, weight, body mass index (BMI), and indigenous status), 
comorbidities, indications for referral, Epworth Sleepiness 
Scale (ESS) score, PSG result, treatment prescription, and 12-
mo follow-up and management of those in whom OSA was 
diagnosed. Data were analyzed using the Statistical Package 
for the Social Sciences (SPSS) version 20 (IBM SPSS, Chi-
cago, IL, USA). Univariate statistics were used to describe 
the sample. Bivariate analyses were performed to compare 
Indigenous and non-indigenous data and differences between 
study sites. These included chi-square and Fisher exact test for 
categorical variables and t-tests or Mann-Whitney U tests for 
continuous variables depending on the normality of distribu-
tion. Rates/100,000 were calculated based on 2011 census data 
from the Australian Bureau of Statistics. Odds ratios were cal-
culated to compare outcomes between groups. All tests were 
two sided and a p value less than 0.05 was taken to indicate 
statistical significance.

RESULTS

Overall 62% (200/324) of sequential studies reviewed met 
study selection criteria. This proportion did not vary by site (χ2 
not significant). Aboriginal and Torres Strait Islander patients 
tended to be more likely to meet selection criteria (69%) com-
pared with non-indigenous Australian patients (56%) but this 
difference was not statistically significant (χ2 p = 0.16). At both 
sites 17 mo of non-indigenous studies and 48 mo of Indige-
nous studies were reviewed to identify sufficient subjects who 
met inclusion criteria. Study subjects who did not meet the in-
clusion criteria included those with a documented AHI < 5 if 
symptoms were present or AHI < 15 in asymptomatic patients, 
and those with a diagnosis other than a sleep related breathing 
disorder (e.g., restless legs syndrome). No demographic or clin-
ical information was collected from excluded studies.

Descriptive data relating to the study sample stratified by In-
digenous and non-indigenous subjects are outlined in Table 1. 
Indigenous patients with a confirmed diagnosis of a sleep re-
lated breathing disorder were more likely to be female, live 
in a very remote location, have a coexistent chronic disease, 
and a higher BMI compared with non-indigenous Australian 
patients. Day time sleepiness as assessed by the ESS score and 
the clinical indications for referral were comparable.

When Indigenous and non-indigenous subjects were com-
pared at each study site, central Australian Indigenous patients 
were more likely to have heart disease (p = 0.003) and chronic 
kidney disease (p = 0.001) but less likely to have a clinician 
recorded diagnosis of upper airway obstruction (p = 0.001). 
Northern Australian Indigenous patients were more likely to 
have chronic obstructive pulmonary disease (p = 0.032), and 
Indigenous patients at both sites were more likely to have dia-
betes and hypertension (p < 0.05).

Diagnosis, treatment, and review data relating to the study 
sample stratified by indigeneity are outlined in Table 2. The 
majority of patients at both sites received a diagnosis of OSA 
and Indigenous and non-indigenous patients did not differ sig-
nificantly in severity of OSA as assessed by AHI. Overall, 35 
patients (17.5%) had an AHI greater than 5 and less than 15, 
and 165 (82.5%) had an AHI ≥ 15 ranging from 15 to 136.8. 
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Median AHI was greater in central Australian (50.2, interquar-
tile range [IQR] 25.3 – 84.4) than northern Queensland patients 
(21.9, IQR 11.0 – 41.9, p < 0.001).

CPAP treatment was recommended for two-thirds of both 
Indigenous and non-indigenous patients. Indigenous patients 
were more likely to have documented lifestyle modification 
(weight loss) advice (42%, 95% confidence interval [CI] 32–52 
compared with 14%, 8–23, p < 0.001), and were twice as likely 
not to attend follow-up appointments in the 12 mo following 
their diagnostic study (38%, 95% CI 27–49 compared with 
19%, 11–30, p = 0.014).

When Indigenous and non-indigenous data were analyzed 
separately for each site, Indigenous patients at both sites were 
more likely to have documented lifestyle modification (weight 
loss) advice than non-indigenous patients (p < 0.05) whereas 
Indigenous patients in central Australia were less likely than 
non-indigenous patients to attend a review in the 12 mo after 
diagnostic PSG (p = 0.008).

The annualized rates of performance of sleep studies and 
those subsequently confirmed to reflect an underlying sleep 
disorder per 100,000 population are presented in Figure 2.

Based on the hospital population catchment of each region 
and the number of diagnostic sleep studies undertaken over the 
period of review, Aboriginal and Torres Strait Islander peo-
ple were 1.8 times more likely to have a positive diagnostic 
sleep study performed/100,000 adult population/y compared 
with non-indigenous patients (odds ratio [OR] 1.8, p = 0.016, 
95% CI 1.1–2.8), 1.6 times less likely (OR 1.6, p = 0.416, 95% 
CI 0.5–5.3) in central Australia and 3.4 times more likely (OR 
3.4, p = 0.0045, 95% CI 1.5–7.9) in far north Queensland. Ab-
original and Torres Strait Islander patients were also twice as 
likely (OR 2.2, p = 0.007, 95% CI 1.2–3.8) not to attend fol-
low-up appointments in the 12 mo following their diagnostic 
study. This was particularly the case in central Australia (OR 
3.1, p = 0.008, 95% CI 1.3–7.2) with follow-up not being sig-
nificantly different in far north Queensland (OR 1.6, p = 0.225, 
95% CI 0.7–3.7).

DISCUSSION

Residents of regional and remote Australia often face a 
range of barriers to accessing health care including specialist 

Table 1—Description of demographics and comorbidities in the study sample stratified by whether Aboriginal and/or Torres 
Strait Islander or non-indigenous patients.

Aboriginal and/or Torres Strait Islander Non-Indigenous Australian p values
Number 100 100
Age (mean, SD) 47.3 (12.6) 50.6 (12.6) ns
Ethnicity n (%)

Aboriginal 86 (86%) –
Torres Strait Islander 12 (12%) –
Aboriginal & Torres Strait Islander 2 (2%) –

Sex (% female) 48.0 26.0 0.001
Location (% very remote) 37.9 8.4 < 0.001
Comorbidities (%)

Chronic lung disease 34 22 ns
Heart disease 28 13 0.010
Chronic kidney disease 14 2 0.005
Peptic ulcer disease 20 23 ns
Diabetes 51 24 < 0.001
Hypertension 72 39 < 0.001
Upper Airway Obstruction 9 26 0.003

BMI (mean kg/m2, SD) 40 (10.7) 35 (10.2) < 0.001
BMI classification (%) 

Underweight (BMI < 20 kg/m2) 0 0 < 0.001
Normal (20–25) 1 7 
Overweight (26–30) 5 17 
Obese (> 30) 94 76 

ESS (Median, IQR) 10.0 (7, 15) 10.0 (6, 15) ns
ESS assessed (%) 92 97 ns
Indication for referral (%)

Snoring 80 87 ns
Witnessed apnoea 49 58 
History of trauma/accident 1 1 
History of fatigue/sleepiness 69 62.9 

BMI, body mass index; ESS, Epworth Sleepiness Scale; IQR, interquartile range; ns, not significant; SD, standard deviation.
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Table 2—Description of study sample regarding diagnosis and treatment stratified by whether Aboriginal and/or Torres Strait 
Islander or non-indigenous patients 2007–2011.

Aboriginal and/or Torres Strait 
Islander (n = 100)

Non-Indigenous Australian 
(n = 100) p values

Diagnosis
Time between referral and study, weeks, median (IQR) 27.5 (12.9, 62.1) 24.8 (11.6, 47.6) ns
Diagnosis, %

OSA 98 97 ns
CSA 0 2 
Cheyne-Stokes respiration 2 2 

AHI, median (IQR) 34.4 (19.2, 76.5) 29.4 (15.2, 57.3) ns
Treatment recommendation, %

CPAP 69 66 ns
ENT referral 3 7 ns
Lifestyle modification 41 14 < 0.001
Bilevel ventilation 3 1 ns

Follow-up 
No further reviews attended following diagnostic study (%) 38 19 0.014
Time to first review following diagnostic study, weeks, 
median (IQR)

22 (9.8, 33.3) 21 (12.4, 32.1) ns

AHI, apnoea-hypopnea index; CPAP, continuous positive airway pressure; CSA, central sleep apnoea; ENT, ear, nose, and throat specialist; IQR, 
interquartile range; ns, not significant.

Figure 2

Rate of sleep studies performed per 100,000 population (divided by whether study subsequently confirmed a sleep related breathing disorder or not) in far 
north Queensland (FNQ), Central Australia (CA) and (combined (FNQ+CA) stratified by whether Aboriginal and/or Torres Strait Islander or non-indigenous 
Australian patients. Comparative Medicare rebate data for sleep studies performed are provided for Queensland (QLD), Northern Territory (NT), and 
Australia (AUS) overall (www.medicareaustralia.gov.au). Note: Medicare data includes diagnostic as well as titration studies, and also repeated studies.
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services. This is particularly the case for Aboriginal and Torres 
Strait Islander peoples who are more likely to reside in such set-
tings. Nonetheless, the effect of remoteness is also shared with 
non-indigenous Australians. The effect of residing in a remote 
area as compared to the general urbanized Australian popula-
tion, with regard to accessibility of sleep studies and OSA treat-
ments, may be greater that the effects of ethnicity. Health care 
accessibility barriers relate not only to local health service sys-
tems but also include individual beliefs, knowledge, prior expe-
rience, and competing priorities which in turn influence health 
care seeking behaviors. We have reported here the first study to 
provide an insight into the nature and care of sleep disorders in 
a regional and remote Australian setting with a particular focus 
on Aboriginal and Torres Strait Islander people.

Findings from this study indicate that Aboriginal and Torres 
Strait Islander patients with a confirmed sleep related breathing 
disorder are less likely to attend for follow-up care. Anecdotal 
evidence indicates accessibility in this setting is affected by 
remoteness, unfamiliarity with the concept of sleep disordered 
breathing, screening processes and criteria, systems for book-
ing of appointments, variable health self-efficacy, the complex 
nature of treatment tools such as CPAP, need for electricity, 
environmental and behavioral issues affecting sleep hygiene, 
and personal commitment to chronic care.

Compared with non-indigenous patients, Aboriginal and 
Torres Strait Islander patients with a confirmed sleep related 
breathing disorder were younger and were more likely to be 
female and reside in a remote community. In addition comor-
bidities and obesity were more prevalent in this selected popu-
lation. This higher prevalence of comorbidities in part reflects 
the greater burden of these conditions borne by Australian 
Aboriginal and Torres Strait Islander people. Nonetheless, it 
also indicates the increased risk and greater absolute contri-
bution sleep related breathing disorders, and especially OSA, 
are likely to make to the Aboriginal and Torres Strait Islander 
health disadvantage, particularly as this relates to heart and 
lung disease, diabetes, and hypertension.

Residing in a remote community contributes to the diffi-
culty in accessing specialized sleep services. Although north-
ern Queensland sleep physicians conduct outreach clinics in 
remote communities, this does not occur in remote central 
Australian communities. However, patients in remote northern 
Queensland and central Australia must still travel long dis-
tances to access sleep services. Our data would nonetheless 
suggest that even in the absence of remote outreach services 
the uptake of diagnostic studies, while remaining less than 
Australia overall, is greater in central Australia compared with 
northern Queensland.

Although the provision of diagnostic sleep services per 
100,000 population in central Australia was greater than that 
in northern Queensland (104 Indigenous and 203/100,000 
non-indigenous studies in central Australia, 44 Indigenous 
and 30/100,000 non-indigenous studies in northern Australia) 
the subsequent follow-up was less. The explanations for these 
differences are, as reported in other studies, likely to include 
difficulties with remoteness, language, available transport, fi-
nancial difficulties, and the accessibility of culturally appropri-
ate healthcare services.17 Although remote specialist outreach 
in northern Queensland may not have enhanced accessibility to 

diagnosis, and indeed may have diverted patients away from the 
need for PSG, it may also have enhanced follow-up following a 
diagnosis based on the greater proportion of patients having a 
review in northern Queensland in the 12 mo following diagnosis.

Inpatient PSG studies were not available in central Australia 
due to bed space constraints. The sole use of ‘home-based’ PSG 
studies is likely to create an additional accessibility barrier for 
all people, and particularly Aboriginal Australians living in 
circumstances not suitable for performing studies or where re-
mote area of residence means equipment and expertise are not 
available to undertake such studies. The selection of patients to 
undergo a sleep study includes an assessment of their capacity 
and willingness to be treated. If they are unable to have a sleep 
study due to remoteness, homelessness, or a lack of electricity, 
then it is much more difficult to consider treatment with CPAP. 
This policy is likely to have affected a higher proportion of 
Aboriginal patients in central Australia. In such settings a new 
approach and model of care for diagnosis and management is 
required. Furthermore, the concept of treatment with devices 
and their ongoing care, and the capacity to review patients are 
dominant issues in this setting and require a new approach and 
model of care. A greater shared understanding of systems of 
care, linking patients and care providers, is likely to yield in-
sights into how service development initiatives such as infor-
mation sharing, screening tool validation, and telehealth may 
be used to enhance care in remote settings.

Although Indigenous Australians may have particular diffi-
culty in accessing sleep diagnostic services the issue in regional 
and remote Australia also affects, to a lesser extent, non-indig-
enous Australians (Figure 1). In 2012, Medicare data shows 
671 clinic-based PSG studies and 152 home-based PSG stud-
ies per 100,000 population were performed in Queensland.21 
In comparison, 30 non-indigenous and 44 Indigenous clin-
ic-based sleep studies per 100,000 population were performed 
in our northern Queensland catchment. In 2012, Medicare data 
shows 201 clinic-based and 165 home-based PSG studies per 
100,000 population were performed in the Northern Territory21 
compared with 203 non-indigenous and 104 Indigenous home-
based PSG studies per 100,000 population performed in cen-
tral Australia. Although there are no accurate data regarding 
the underlying burden of sleep related breathing disorders in 
regional and remote Australia, these data from northern and 
central Australia nonetheless would suggest that all Austral-
ians, and particularly Aboriginal and Torres Strait Islander 
people residing in rural and remote regions, face barriers to 
accessing sleep diagnostic and management services.

It is more difficult to ascertain the level of accessibility to 
sleep services for non-indigenous Australians given the oppor-
tunities that such patients, based on often being less remote 
and more affluent, have in accessing distant urban and private 
sleep diagnostic and treatment services. Nonetheless, the possi-
bility we have underestimated accessibility for non-indigenous 
patients would widen the gap in comparison with Aboriginal 
and Torres Strait Islander patients. This is unlikely to fully ex-
plain the substantial differences we have noted between our 
non-indigenous patients and national and jurisdictional data 
regarding sleep diagnostic services (Figure 2). One potential 
explanation for this gap may also be that health care providers 
who work with Indigenous patients have only recently become 
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more aware of the effect of sleep related breathing disorders 
on health.

The ESS is currently used in Australia to assess excessive 
daytime sleepiness and, although not specifically validated for 
use in this or other settings, is often used as a de facto screening 
tool to prioritize referral to diagnostic sleep services. Although 
ESS scores of Indigenous and non-indigenous Australians did 
not differ significantly, the ESS has not been validated in the 
Indigenous population. Cultural and linguistic differences in 
the meaning of fatigue and daytime sleepiness may have bi-
ased the results. Finally, the ESS refers to watching television, 
driving and being a passenger in a car, and sitting in a theater 
or a meeting.22 Residents in remote Australian communities, 
and particularly Aboriginal and Torres Strait Islander people, 
often bear significant social and economic disadvantage14; they 
may not have electricity or a car and would rarely attend the 
theatre due to the distance involved. Thus, scores for these 
questions will necessarily be low because sleepiness does not 
occur in such contexts. Linguistic differences and delivery of 
the questionnaire in English are also likely to prevent accurate 
rating of ESS items in a setting where English is often one of 
many languages spoken. Additionally, male subjective sleepi-
ness differs from that of females in the non-indigenous people 
and it is critical to understand whether this is the same or dif-
ferent in Indigenous Australians.23–26

Rather than use an unvalidated tool, the priority should 
therefore be to develop and validate an appropriate screening 
tool for Aboriginal and Torres Strait Islander people. Given the 
significant existing uptake of the ESS, it is nonetheless likely 
the utility and utilization of an appropriate and validated tool 
will be high.

Making a diagnosis of a sleep related breathing disorder 
is only the initial step in the journey to addressing the prob-
lem. Additional steps must necessarily include agreeing on a 
management plan, follow-up to assess response and titrating or 
altering treatment. Although waiting times, diagnoses (includ-
ing severity), and treatment prescriptions were comparable, the 
fact that all patients waited on average 6 mo for a sleep study 
would indicate significant opportunities to enhance pathways 
to diagnosis. Although Indigenous and non-indigenous Aus-
tralians waited an average of 6 mo for PSG testing, this was 
nonetheless comparable to that seen elsewhere in Australia 
including in urban settings.27 The proportion of positive tests 
seen in this study, and particularly for Aboriginal and Torres 
Strait Islander people, and the higher prevalence of associated 
comorbidities in indigenous patients may suggest that a degree 
of selective referral may be occurring. In this case there may 
be an emphasis on selecting those who are willing and able 
to be treated subsequently given that a diagnosis per se is un-
helpful if no benefits follow. The development of a validated 
screening tool for this population would serve to ensure more 
efficient use of available and finite services, with only those 
at high risk for sleep related breathing disorders and with the 
capacity for therapy being referred and reviewed.

Of particular note, Indigenous Australians were twice as 
likely to not attend any follow-up appointments in the 12 mo 
following diagnosis, with more than half being essentially lost 
to follow-up. Although this study did not specifically map 
the details of follow-up after diagnosis it is likely geographic 

isolation, the financial cost associated with commencing and 
maintaining treatment, and patient, family, and primary health 
care understanding of the value and aims of treatment may all 
have been relevant. A more detailed understanding of these 
and other barriers and enablers to treatment uptake will be 
important in informing the future development of treatment 
services for sleep related breathing disorders in Aboriginal and 
Torres Strait Islander and remote populations.

Given the high and increasing prevalence estimates of OSA 
in the Australian population, the low rate of diagnosis, and the 
considerable health consequences of untreated OSA, it is im-
portant that culturally and linguistically appropriate diagnosis, 
education, and care pathways for Indigenous Australians are 
identified and implemented. Engagement with Aboriginal and 
Torres Strait Islander people, and especially Indigenous peo-
ple already working in health care, will be fundamental to the 
development of culturally appropriate screening tools, clinical 
pathways for diagnosis, and overall models of care.

Recent Australian studies with non-indigenous populations 
have shown that accurate diagnosis of clinically significant 
OAS using a simplified two stage model of care28 and nurse-
led care of OSA29 is not inferior to traditional methods of di-
agnosis and care and has potential cost benefits. However, the 
additional and unaccounted influence of remoteness, socioec-
onomic factors, and comorbidities in Indigenous populations 
means trials of these models are needed to expand our under-
standing and capacity to develop tailored models of care for 
underdiagnosed groups. In 2004–2005 an estimated 27% of all 
Indigenous Australians age 18 y and older lived in overcrowded 
households; Northern Territory 65%, Queensland 29%.30 It is 
inevitable that those living in overcrowded households will ex-
perience a level of sleep disruption and these and other factors 
must be taken into account when developing tailored screening 
tools and models of care.

Limitations
The retrospective nature of this study meant it was limited 

by reliance on existing documentation in patient records. Re-
view and treatment information, which may have occurred but 
was not recorded on patient records, could be underreported in 
our study. Nonetheless, given the substantial differences seen 
in comparison to national data, this is unlikely to alter the find-
ings of this study.

CONCLUSION

Sleep related breathing disorders are a significant issue in 
Australia. Although Aboriginal and Torres Strait Islander peo-
ple are likely to be subject to an equivalent or increased risk of 
disease, there are currently no published data to inform the de-
velopment of screening, diagnostic, and management pathways 
that reflect the realities of regional and remote Australia and 
the needs and beliefs of Indigenous Australians. However, pre-
vious studies of chronic condition management in Indigenous 
communities have identified similar barriers to care as did this 
study and also successfully trialled management strategies tai-
lored to suit a remote and Indigenous Australian setting.31,32 Our 
data from northern and central Australia has demonstrated that 
Aboriginal and Torres Strait Islander peoples have a reduced 
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rate of use of diagnostic sleep services. We have also shown 
there are significant difficulties in ensuring follow-up and thus, 
by extension, the implementation and refinement of treatment. 
Further innovation in health service delivery and research is 
needed to develop and validate tools and care pathways for OSA 
screening, diagnosis and treatment for residents of regional and 
remote Australia and particularly for Aboriginal and Torres 
Strait Islander people. It will be important to ensure screen-
ing tools are validated for this relatively unique setting, and to 
identify and address barriers to treatment uptake to ensure a 
valid and rational approach to the utilisation of diagnostic and 
management services for sleep related breathing disorders.

There is increasing recognition of the importance of involv-
ing Aboriginal and Torres Strait Islander people with chronic 
conditions as active partners in their care and self-manage-
ment of their condition. Health may not however always be 
a priority with other pressing issues to cope with. Education 
regarding the health risks of untreated OSA and the benefits of 
treatment is essential, as is support for patients and local health 
care providers to persevere through the difficult adjustment 
period when commencing CPAP treatment therapy.

ABBREVIATIONS 

AHI, apnea-hypopnea index
BMI, body mass index
CPAP, continuous positive airway pressure
CSA, central sleep apnea
EEG, electroencephalogram
ENT, ear, nose, and throat specialist
EMG, electromyogram
EOG, electro-oculogram
ESS, Epworth Sleepiness Scale
HREC, human research ethics committees
IQR, interquartile range;
OSA, obstructive sleep apnea
PSG, polysomnography
RDI, respiratory disturbance index
SD, standard deviation
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