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Abstract 

Study Objectives:   Obstructive sleep apnea (OSA) is reported to be highly prevalent among Aboriginal Australians. However, no stud-
ies have assessed the implementation and efficacy of continuous positive airway pressure (CPAP) therapy in this population. Hence, 
we compared the clinical, self-reported perception of sleep quality and polysomnographic (PSG) characteristics among Aboriginal 
patients with OSA.

Methods:  Adult Aboriginal Australians who underwent both diagnostic (Type 1 and 2) and in-lab CPAP implementation studies were 
included.

Results:  Total of 149 patients were identified (46% female, median age 49 years, body mass index 35 kg/m2). The OSA severity was 
6% mild, 26% moderate, and 68% severe on the diagnostic PSG. On application of CPAP, there were significant improvements in; total 
arousal index (diagnostic 29 to 17/h on CPAP), total apnea–hypopnea index (AHI) (diagnostic 48 to 9/h on CPAP), non-rapid eye move-
ment AHI (diagnostic 47 to 8/h on CPAP), rapid eye movement (REM) AHI (diagnostic 56 to 8/h on CPAP) and oxygen saturation (SpO2) 
nadir (diagnostic 77% to 85% on CPAP) (p < 0.001 for each). Following a single night of CPAP, 54% of patients reported sleeping “better 
than normal” compared to 12% following the diagnostic study (p = 0.003). In multivariate regression models, males had a significantly 
lesser change in REM AHI than females (5.7 events/hour less change (IQR 0.4, 11.1), p = 0.029).

Conclusions:  There is substantial improvement in several sleep-related domains on the application of CPAP among Aboriginal 
patients with a good initial acceptance of treatment. Whether the positive impact observed in this study translates to better sleep 
health outcomes with long-term adherence to CPAP therapy is yet to be assessed.

Key words: Adherence; architecture; first nations; indigenous; oxygen saturation; positive airway pressure; rapid eye movement; sex; 
sleep apnea; sleep quality

Introduction
Obstructive sleep apnea (OSA) is estimated to affect 425 million 
people worldwide, imposing a significant global health prob-
lem [1]. Undiagnosed OSA may increase the risks of cardiovas-
cular disease and all-cause mortality [2,3]. Moreover, untreated 
sleep-related disorders are associated with the development of 
hypertension and type 2 diabetes mellitus (T2DM), with both 
observational and experimental data showing that OSA is more 

prevalent in those with T2DM compared to the general popula-
tion [4,5]. Therapeutic interventions for sleep disorders, includ-
ing continuous positive airway pressure (CPAP) therapy may have 
a beneficial effect among patients with cardiovascular disease, 
hypertension, and diabetes [4,5].

In Australia, 3.3% of the population self-identify as of 
Aboriginal descent (henceforth, Aboriginal Australians are 
respectfully represented as Aboriginal people/patients/
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population and for other Indigenous people globally as 
Indigenous people/patients/population), while in the Northern 
Territory (NT) of Australia, Aboriginal people make up approxi-
mately 30% of the NT population, the highest proportion com-
pared to all other Australian States and Territories [6]. Overall, 
Aboriginal Australians are more likely to report having chronic 
health conditions, such as diabetes, coronary artery disease, and 
hypertension compared to non-Aboriginal Australians, with an 
estimated gap in life expectancy of 19–21 years [7–10]. This trend 
is even more evident among Aboriginal Australians who reside 
remotely, such as those residing in the NT of Australia [11–18].

Nevertheless, studies investigating the sleep health profile of 
Aboriginal Australians have been sparse [19]. However, the limited 
data that exists in the current literature suggests that sleep dis-
orders, in particular OSA, are highly prevalent among Aboriginal 
Australians at a rate 1.8 times higher than their non-Aboriginal 
counterparts [20]. Additionally, previous studies have demon-
strated that women have more severe OSA during rapid eye move-
ment (REM) sleep stages compared to males [21, 22]. Moreover, 
recent studies from the Top End, NT of Australia have reported 
that Aboriginal Australians demonstrate a higher overall severity 
of OSA, in the presence of concurrent medical comorbidities, such 
as hypertension, cardiovascular disease, chronic renal disease, and 
diabetes [23,24]. From a global perspective, there are only a small 
number of studies that have investigated OSA among First Nations 
Indigenous peoples [25,26]. However, studies from the New Zealand 
First Nations Māori have demonstrated a higher proportion of poor 
sleep quality and higher levels of OSA [27–29].

Despite emerging evidence in the literature to suggest sleep dis-
orders including OSA could be highly prevalent among Aboriginal 
Australians and other First Nations Indigenous people globally 
[19–23, 25–34], there is little published data demonstrating the 
efficacy of CPAP therapy in the treatment of OSA as well as the 
effect of CPAP therapy on Aboriginal/Indigenous peoples sleep 
architecture, including if there is a difference in response to ther-
apeutic interventions (CPAP) between sexes. Furthermore, low 
awareness of sleep health and lower health self-efficacy have 
been suggested to hinder successful acclimatization to CPAP ther-
apy for OSA in Indigenous populations [35,36]. Studies in the past 
have used questionnaires to assess the first impression following 
CPAP implementation among CPAP-naïve adults in other non-Ab-
original/Indigenous ethnic population to predict CPAP adherence 
[37]. Hence, it may be worthwhile to investigate how Aboriginal 
Australians perceive their sleep quality and other related outcomes 
upon implementation of CPAP therapy. We hypothesized that 
among adult Aboriginal Australian patients, CPAP therapy would 
have a positive impact on sleep architecture, OSA severity, and per-
ception of sleep quality in comparison to what is observed during 
a diagnostic sleep study. Furthermore, we hypothesized that, there 
could be differences in the response to CPAP between males and 
females. Therefore, the aims of this study were to compare self-re-
ported sleep perception and polysomnographic (PSG) parameters 
between initial diagnostic PSG and following implementation of 
CPAP therapy, and the impact of CPAP therapy between males and 
females, among those Aboriginal adults diagnosed to have OSA in 
the top end health service (TEHS) region of the NT of Australia.

Method
Setting
This study was conducted at the Royal Darwin Hospital and 
Darwin Respiratory and Sleep Health (DRSH) based at the Darwin 

Private Hospital (DPH) in the TEHS region of the NT of Australia. 
The NT is an Australian federal territory occupying the cen-
tral-northern region of Australia. It is the least populated, and 
least dense state or territory in Australia, with a population den-
sity of just 0.18 people/km2 [6]. The Top End region (TEHS) covers 
approximately 35% or 475 338 km2 of the total area of the NT, 
with an estimated population of 195 000 people, representing 79% 
of the total NT population. The vast majority (80%) of Aboriginal 
people living in the NT reside in remote or very remote communi-
ties as defined by the Australian Statistical Geographic Standard 
(ASGS level 4 and level 5) [6,38,39].

Study participants
All adult Aboriginal patients residing in the TEHS region over 18 
years of age identified to have OSA on a diagnostic PSG (either 
during an unmonitored level 2 or in-lab monitored diagnostic 
sleep study [level 1]) and subsequently underwent an in-lab mon-
itored CPAP implementation study between 2012 and 2020 were 
included.

Diagnostic sleep study and CPAP implementation 
data
All diagnostic and PAP implementation studies were performed 
at the DRSH/DPH sleep center, currently an accredited sleep ser-
vice facility by the National Association of Testing Authorities, 
Australia, and Australasian Sleep Association. Diagnostic sleep 
studies (PSGs) were performed as either Level 1 studies (in-Lab, 
with a sleep technologist in attendance) or as Level 2 sleep stud-
ies (unattended). If both Type 1 and Type 2 diagnostic studies were 
available, Type 1 studies took precedence, or the study that had 
higher session quality for recorded channels. Presence of OSA 
was determined if the total apnea–hypopnea index (AHI) was 
>5/hour and was categorized into four groups: AHI ≤ 5 (normal 
range), AHI = 5–15 (mild sleep apnea), AHI = 15–30 (moderate 
sleep apnea), AHI > 30 (severe sleep apnea). More details on set-
ting, and sleep study protocol (PSG) are available from previous 
reports from our center [21]. For the purpose of this study, only 
patients who underwent in-lab monitored CPAP implementation 
study were included to compare the parameters between diag-
nostic and CPAP implementation studies. At the DRSH center, all 
PSGs are performed, analyzed, and scored manually by qualified 
registered polysomnographic technologists utilizing American 
Academy of Sleep Medicine recommendations. The CPAP titra-
tion studies were undertaken as per the standard recommended 
guidelines and were manually titrated by sleep technologists dur-
ing the overnight CPAP study [40].

Clinical data
As per standard protocol at DRSH, all patients are administered 
a detailed questionnaire prior to undergoing both diagnostic and 
CPAP implementation studies. The questionnaire was designed 
to provide information on self-identified Aboriginal status, age, 
sex, and medical comorbid conditions. For non-English speak-
ing patients, native language interpreters, or family members 
assisted with the questionnaire when available. Height, weight, 
and body mass index (BMI) were measured. Symptoms related 
to sleep disorders were also recorded, including, self-reported 
Epworth Sleepiness Scale score, alcohol, and smoking history. 
Patients' usual place of residence was identified by postcode 
or suburb and categorized as regional, remote, or very remote 
according to the Australian statistical geographic standard [39]. 
Furthermore, as per the usual practice in this center, all patients 
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are advised to complete a detailed questionnaire regarding their 
self-reported sleep perception/quality on the night of undergoing 
both diagnostic (Type 1 and 2) and CPAP implementation study 
(Figure 1 in results section).

Statistical analysis
Statistical analysis was conducted in Stata/SE 15. The assump-
tion of normality was checked using Shapiro–Wilk test and 
found to be non-normally distributed. Thus, continuous data 
were described with median and interquartile range (IQR) 
and differences between diagnostic and CPAP studies tested 
via a matched Wilcoxon signed-rank test, while differences 
between male/female or by the severity of OSA were assessed 
via Kruskal–Wallis rank sum test. Categorical data were 
described with count and percentages and were analyzed via 
a chi-squared (χ2). The participants’ characteristics were com-
pared according to diagnostic and treatment (CPAP) studies, 
OSA severity categories, and sex. Multivariate quantile regres-
sion adjusting for age, sex, BMI, and baseline (diagnostic study) 
values of the dependent parameter were utilized to investigate 
what factors influenced the response of PSG parameters to 
CPAP. Changes between diagnostic and CPAP studies on self-re-
ported questionnaire data were tested via McNemar’s exact 
test for binary outcomes, Stuart–Maxwell test for >2 category 
outcomes, or Wilcoxon paired sign-rank test for continuous 
outcomes, with patients who had a Type 2 diagnostic study 
excluded from these analyses. Improvements in perceived sleep 

quality were assessed as higher scores on the question “In gen-
eral, how would you describe last night's sleep compared to a 
normal night's sleep?” post CPAP compared to post-diagnos-
tic studies. Univariate logistic regression reporting odds ratios 
(95% confidence intervals) was utilized to assess the association 
between demographic factors, or PSG improvements following 
CPAP and self-reported improvement in sleep quality. Statistical 
significance was set at p < 0.05 throughout.

Ethics
This study was approved by the Human Research Ethics govern-
ance/committee of the NT, TEHS, and Menzies School of Health 
Research (Reference: HREC 2020-3932). The authors acknowl-
edge the rights of Aboriginal people involved in this study, and 
as such conducted and reported according to strengthening and 
reporting of health research involving Indigenous people [41], 
including consultation with local institute Aboriginal Australian 
representative.

Results
Clinical data
Of the total 855 Aboriginal patients recorded to have under-
gone a diagnostic PSG, 649 (76%) were diagnosed to have OSA, of 
them, 149 patients (46% female) were identified to have under-
gone both a diagnostic PSG (Level 1 (50%) or Level 2 (50%)) and a 
subsequent in-lab CPAP implementation study with a median 54 

Figure 1.  Self-reported questionnaire answers related to sleep following diagnostic and CPAP studies.
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days between studies. The majority of patients resided in outer 
regional areas (73%), were categorized as obese (81%) and were 
current smokers (68%) (Table 1). Hypertension, heart disease, and 
diabetes were common comorbid conditions (49%, 30%, and 29%, 
respectively). Female patients had a significantly higher BMI than 
male patients, and a higher proportion resided in very remote 
locations.

PSG outcomes for diagnostic and PAP 
implementation
The majority of patients on the diagnostic PSG demonstrated 
the presence of severe OSA (AHI >30/h [68%]), with a low median 
sleep efficiency (81%) and a low portion of sleep time spent in 
REM sleep (median 16.5%) (Table 2). On application of CPAP, total 
AHI significantly improved (median change per patient 32.5 
[IQR 14.9, 52.6]), resulting in 81% of patients improving by at 
least one OSA severity category, and 27% of patients' OSA fully 
resolving. REM sleep latency was shortened by a median of 15 
minutes, and the proportion of time in REM sleep improved by a 
median of 5.3%. All oxygen desaturation parameters significantly 
improved, with the greatest improvement coming in oxygen satu-
ration (SpO2) nadir (median change of 8% [IQR 2, 13.5]). Significant 

differences in the level of change from diagnostic to CPAP study 
for some parameters were noted between females and males. 
Females showed a significant improvement in REM sleep latency 
(median reduction of 24 minutes) while males showed no such 
significant improvement (median reduction of 2 minutes) (differ-
ence between median change for females vs. males, p = 0.048). 
Females also showed significantly greater improvements in REM 
AHI compared to males (median change 41.5 vs. 28.3, respectively, 
p = 0.029) (Table 3).

Regression analysis post-CPAP implementation
In multivariate regression models (adjusting for age, sex, BMI, and 
the diagnostic PSG value for each tested parameter) the diagnos-
tic PSG value of the parameter consistently showed the strong-
est association with change in that parameter in the CPAP study 
(Table 4). However, age, sex, and BMI were also noted to have sig-
nificant effects on various parameters. Increasing age was asso-
ciated with an increase in WASO in the CPAP compared to the 
diagnostic PSG studies [1.99 (95% CI 1.09, 2.9)], and a decrease in 
total sleep time, sleep efficiency, and SpO2 during non-rapid eye 
movement and REM stages. Increasing BMI was associated with 
decreases in non-rapid eye movement stage 2 sleep and increases 

Table 1.  Baseline characteristics and medical comorbid conditions among study participants with OSA

Clinical parameters Patients
(n = 149)

Male
(n = 81)

Female
(n = 68)

P-value

Age (years) 48.89 (39.13, 57.08) 46.76 (38.08, 57.68) 49.7 (43.18, 56.3) 0.358

ASGS 3 (Regional) 108 (72%) 65 (80%) 43 (63%) 0.073

ASGS 4 (Remote) 10 (7%) 4 (5%) 6 (9%)

ASGS 5 (Very remote) 31 (21%) 12 (15%) 19 (28%)

Height (cm) 169 (163.03, 176) 175.5 (171, 178.5) 163 (157.15, 167) <0.001*

Weight (kg) 100.55 (88, 118.25) 104 (90, 115.95) 96.5 (84.5, 119) 0.328

BMI (kg/m2) 35.16 (30.72, 41.98) 34.3 (29.7, 39.29) 37.77 (31.72, 46.33) 0.002*

 � Underweight (<18.5 kg/m2) 1 (1%) 0 (0%) 1 (2%) 0.004*

 � Normal weight (18.5–24.9 kg/m2) 4 (3%) 3 (4%) 1 (2%)

 � Overweight (25–29.9 kg/m2) 23 (16%) 19 (24%) 4 (6%)

 � Obese (>30 kg/m2) 117 (81%) 57 (72%) 60 (91%)

Neck circumference (cm) 43 (41, 48) 45 (42, 48) 42.75 (39, 45) <0.001*

ESS 10 (6, 14) 10 (6, 14) 10 (8, 14) 0.476

Current smoker 97 (68%) 51 (65%) 46 (71%) 0.318

Former smoker 18 (13%) 8 (10%) 10 (15%)

Never smoker 27 (19%) 18 (23%) 9 (14%)

Ever alcohol 107 (75%) 60 (77%) 47 (72%) 0.527

Hypertension 69 (49%) 36 (47%) 33 (52%) 0.570

Heart disease 42 (30%) 22 (29%) 20 (31%) 0.729

Diabetes 41 (29%) 20 (26%) 21 (33%) 0.373

Dyslipidaemia 39 (28%) 19 (25%) 20 (31%) 0.385

Chronic Kidney disease 18 (13%) 7 (9%) 11 (17%) 0.206

COPD 15 (11%) 5 (6%) 10 (16%) 0.102

Hypothyroidism 9 (6%) 3 (4%) 6 (9%) 0.300

Time between diagnostic and CPAP (days) 54 (34, 115) 43 (31, 76) 74 (39, 189) 0.004*

P-value obtained via Kruskal–Wallis’s test (continuous parameters) or chi-squared test (categorical parameters) using Fishers exact test if categories had <10 
patients.
Data displayed as median (IQR) or number (%).
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Table 3.  Changes in PSG parameters from diagnostic to CPAP studies

PSG data Total cohort
(n = 149)

Females
 (n = 68)

Males
(n = 81)

P-value

Sleep latency 0 (−20.5, 11) 2 (−22.95, 16) −1 (−18.5, 7) 0.285

REM latency −15 (−82.5, 31) −23.75 (−87.5, 17.5) −2 (−53, 48) 0.048*

Total sleep time −36.7 (−111.4, 22.9) −33 (−111.25, 17.75) −42 (−121.3, 25.25) 0.905

WASO −4 (−41, 48) −7.6 (−43.95, 47.75) −4 (−34.1, 48) 0.706

Sleep efficiency −0.9 (−10.4, 7.65) −0.9 (−9.35, 7.9) −0.95 (−10.5, 7.2) 0.969

N1 stage (%) −2.5 (−9.05, 1.9) −2.55 (−7.9, 2.1) −2.5 (−12.2, 1.8) 0.349

N2 stage (%) −8.65 (−19.9, 0.25) −10.05 (−20.8, −0.75) −5.2 (−19.55, 2.22) 0.270

N3 stage (%) 34.877.65 (0.65, 15.1) 10.25 (1.65, 17.85) 6.55 (0, 13.75) 0.110

REM (%) 5.3 (−3, 14.75) 3 (−3.6, 11.85) 6.9 (−2.7, 16.85) 0.137

RAI −10.65 (−29.75, −4) −9.5 (−24.8, −3.9) −13.55 (−34, −4.2) 0.390

SAI 3.2 (0.6, 6.8) 3 (−0.3, 7.2) 3.45 (1.3, 6.55) 0.208

TAI −10.2 (−27.8, −1.4) −9.2 (−26.45, −2.15) −10.45 (−31.8, −0.35) 0.971

Total AHI −32.5 (−52.6, −14.9) −26.05 (−55.05, −12.7) −38.6 (−52.4, −18.5) 0.270

NREM AHI −28.7 (−49.3, −11.8) −19.45 (−49.85, −10.1) −33.6 (−48.5, −15.2) 0.308

REM AHI −34.9 (−63, −15.5) −41.5 (−68.45, −22.65) −28.3 (−56.7, −10.1) 0.029*

SpO2 (wake) 1 (0, 2) 1 (0, 2) 1 (0, 2) 0.145

SpO2 (NREM) 2 (1, 3) 2 (1, 3) 2 (1, 3) 0.245

SpO2 (REM) 3 (1, 6) 3 (1, 6) 3 (1, 6) 0.948

SpO2 (Total) 2 (0.5, 3) 2 (0, 3) 2 (1, 3) 0.473

SpO2 (Nadir) 8 (2, 13.5) 8.5 (1.5, 15) 8 (2.5, 13) 0.888

P-value obtained via Kruskal–Wallis’s rank sum test. Data displayed as median (IQR).

Table 4.  Multivariate regression results for parameter effects on delta values from diagnostic to CPAP studies

PSG data Diagnostic PSG value Age BMI Sex

Sleep latency −0.97 (−1.05, −0.89)* 0.11 (−0.17, 0.4) −0.1 (−0.51, 0.3) −4.99 (−12.08, 2.1)

REM latency −0.78 (−0.94, −0.62)* −0.54 (−1.74, 0.65) 0.14 (−1.55, 1.84) 8.45 (−21.54, 38.43)

Total sleep time −0.85 (−1.04, −0.67)* −1.44 (−2.86, −0.02)* −0.23 (−2.28, 1.81) 3.16 (−30.96, 37.29)

WASO −0.87 (−1.04, −0.69)* 1.99 (1.09, 2.9)* 0.9 (−0.33, 2.12) 7.06 (−14.2, 28.32)

Sleep efficiency −0.8 (−0.99, −0.61)* −0.42 (−0.65, −0.2)* −0.14 (−0.46, 0.18) 0.11 (−5.4, 5.62)

N1 stage (%) −0.85 (−0.94, −0.76)* 0.06 (−0.04, 0.16) −0.05 (−0.19, 0.1) 1.77 (−0.82, 4.36)

N2 stage (%) −0.88 (−1.01, −0.75)* −0.08 (−0.27, 0.11) −0.27 (−0.54, −0.01)* 2.04 (−2.62, 6.7)

N3 stage (%) −0.56 (−0.81, −0.31)* −0.1 (−0.3, 0.1) −0.09 (−0.37, 0.2) −5.52 (−10.72, −0.33)*

REM (%) −0.98 (−1.23, −0.74)* −0.01 (−0.19, 0.16) 0.21 (−0.05, 0.46) 1.48 (−2.9, 5.87)

RAI −0.83 (−0.89, −0.77)* −0.04 (−0.16, 0.09) −0.07 (−0.25, 0.11) 1.77 (−1.38, 4.91)

SAI −0.77 (−0.99, −0.56)* −0.03 (−0.11, 0.04) −0.08 (−0.18, 0.03) 0.68 (−1.16, 2.52)

TAI −0.84 (−0.91, −0.77)* −0.08 (−0.23, 0.06) −0.12 (−0.33, 0.09) 5.01 (1.36, 8.66)*

Total AHI −0.83 (−0.91, −0.74)* 0.05 (−0.15, 0.25) −0.03 (−0.34, 0.27) 1.32 (−3.83, 6.47)

NREM AHI −0.8 (−0.89, −0.71)* −0.02 (−0.25, 0.21) −0.05 (−0.39, 0.3) 1.78 (−4.13, 7.68)

REM AHI −0.94 (−1.01, −0.86)* 0.17 (−0.05, 0.38) 0.34 (0.02, 0.66)* 5.71 (0.35, 11.06)*

SpO2 (wake) −0.56 (−0.71, −0.41)* −0.02 (−0.05, 0.01) −0.01 (−0.06, 0.03) 0.17 (−0.6, 0.95)

SpO2 (NREM) −0.54 (−0.65, −0.42)* −0.04 (−0.07, 0)* −0.04 (−0.09, 0.02) −0.17 (−1.04, 0.7)

SpO2 (REM) −0.83 (−0.92, −0.74)* −0.07 (−0.11, −0.03)* −0.05 (−0.11, 0.02) −0.48 (−1.51, 0.54)

SpO2 (Total) −0.55 (−0.67, −0.44)* −0.03 (−0.06, 0.01) −0.04 (−0.09, 0.02) −0.05 (−0.89, 0.8)

SpO2 (Minimum) −0.6 (−0.77, −0.44)* −0.02 (−0.14, 0.1) −0.08 (−0.26, 0.11) −1.16 (−4.22, 1.89)

Data reported as beta (95% CI).
*P-value <0.05. Male sex used as reference.
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in REM AHI. Male sex was also associated with increases in REM 
AHI and TAI. The previously noted difference in REM sleep latency 
between males and females was not apparent in multivariate 
models.

Self-reported sleep perception data
Approximately half (54%) of the patients who had a Type 1 diag-
nostic study completed the post-study questionnaire for both 
diagnostic and CPAP study nights. Patients self-reported similar 
sleep onset latency for both diagnostic and CPAP studies (median 
30 minutes [IQR 15, 45] for diagnostic and 25 minutes [IQR 15, 45] 
for CPAP, p = 0.472), with most reporting this to be either the same 
as usual (62% and 51% for diagnostic and CPAP, respectively) or 
longer than usual (26% and 28%, respectively) (Figure 1). Self-
reported total sleep time was also similar between diagnostic and 
CPAP studies (median 6 h (IQR 5, 7) for both, p = 0.879), as was the 
number of overnight awakenings (median 4 awakenings (IQR 3, 5) 
vs. 3 (IQR 2, 5), respectively, p = 0.718). Significantly fewer patients 
reported awakening with physical complaints in the morning fol-
lowing CPAP (10% vs. 29%, p = 0.039). A significantly higher pro-
portion of patients reported their sleep to be better than usual 
following CPAP compared to the diagnostic study (54% vs. 12%, 
p = 0.012).

Twenty-one patients (55%) reported greater sleep quality fol-
lowing their CPAP study compared to their diagnostic study, while 
nine reported the same level of quality and eight reported reduced 
quality. In univariate logistic regression, greater improvements 
in WASO between diagnostic and CPAP studies were associated 
with increased odds of reporting improved sleep quality [OR 1.01 
(95% CI 1, 1.03), p = 0.035]. There were no significant associations 
between self-reported sleep quality improvement and any demo-
graphic factors, nor any other PSG variable change between diag-
nostic and CPAP studies.

Discussion
The current study is the first to quantitatively demonstrate the 
efficacy of CPAP therapy among an adult Aboriginal Australian 
population. This study has demonstrated that Aboriginal 
Australians show substantial improvement in several sleep-re-
lated domains on application of CPAP therapy for OSA, as assessed 
on both PSG and self-reported parameters.

Although few studies in the past have examined data on CPAP 
therapy among Aboriginal/Indigenous people [35,36,42,43], no 
studies have explored the initial impact on PSG parameters along-
side self-reported sleep quality upon application of CPAP therapy. 
Exploring these aspects in the current study is a step forward in 
our understanding of the direct efficacy and acceptability of CPAP 
therapy in Aboriginal/Indigenous people and could be considered 
an invaluable addition to the existing literature.

As mentioned above, studies have demonstrated there are dif-
ferences in the way OSA manifests in females compared to males, 
with the suggestion that these changes may reflect differences 
between sexes in upper airway function during sleep in patients 
with OSA [23,24]. Moreover, evidence in the literature suggests 
that there are significant differences in several sleep-related 
parameters/architecture between sexes, especially across ages 
[44]. The current study adds to this body of evidence, showing a 
significantly higher AHI during REM sleep stages among females 
than males in the diagnostic studies (median 61 vs. 47), in addi-
tion to demonstrating a significantly greater improvement in AHI 
during REM sleep on initiation of CPAP therapy (median change 
diagnostic to CPAP 42 vs. 28). Even after adjusting for age, sex, 

BMI, and baseline values of AHI during REM sleep, females had 
a significantly greater change than males (mean difference in 
improvement 5.7 events/h). However, despite the difference in 
REM AHI improvement between males and females, there was no 
significant difference in the level of improvement for SpO2 during 
REM sleep. It is plausible that this may be related to underlying 
pulmonary diseases and ventilatory impairment [45–52], giving 
rise to persistent hypoxemia in males. However, in our study, less 
males had a diagnosis of COPD than females, though this did not 
meet statistical significance (p = 0.102). Males showed a signifi-
cantly greater improvement in non-rapid eye movement 3 sleep 
percentage than females in the multivariate models indicating a 
greater effect on sleep quality, although no significant differences 
in WASO nor sleep efficiency were noted.

In addition to sex, both age and BMI were noted to have sig-
nificant effects on several parameters in response to CPAP ther-
apy. Previous reports have indicated that both BMI and increasing 
age are associated with lower oxygen saturation and higher AHI 
parameters, with an increased BMI additionally associated with 
CPAP failure rates [53–55]. Consistent with what is observed in 
non-Aboriginal/Indigenous patients, in our study, Aboriginal 
patients with a larger BMI showed a significantly reduced effect of 
CPAP on REM sleep AHI. Whilst there is a paucity of data on older 
patients with sleep apnea, our data demonstrated that older 
patients showed detriments in WASO, sleep efficiency, and total 
sleep time on the application of CPAP compared to the diagnostic 
study. However, it should be acknowledged that these patients, 
whilst considered elderly for Indigenous Australians, are rela-
tively young compared to non-Aboriginal Australians, with the 
majority of the Aboriginal population studying under 60 years of 
age.

In this study, we also assessed and compared the self-reported 
perception of sleep quality following the diagnostic and CPAP 
implementation study. Our study suggests that there is an ini-
tial recognition of treatment benefits with a significant propor-
tion of patients reporting their sleep quality to be better than 
usual following CPAP application (54% vs. 12%, p = 0.012). There 
were also significantly fewer patients who reported awakening 
with physical complaints in the morning following CPAP. Longer-
term studies are needed to assess if Aboriginal patients report-
ing immediate symptomatic benefits with CPAP are more likely 
to adhere to long-term CPAP therapy, and to have an improved 
quality of life [56].

The authors acknowledge that the number of study partici-
pants who underwent in-lab CPAP implementation study was 
significantly lower in comparison to the number of Aboriginal 
patients diagnosed to have OSA during this study period. Several 
factors may have influenced this effect. The vast majority of 
Aboriginal Australians reside in remote and rural communities 
in the TEHS region; hence remoteness and geographical isolation 
could be a barrier to undergoing in-lab CPAP implementation 
studies. Due to the lack of a standalone, publicly funded sleep lab 
in the TEHS region, the service delivery model of this center is to 
facilitate both diagnostic and CPAP implementation via unmon-
itored (level 2) home diagnostic study and auto-PAP trials dur-
ing respiratory/sleep outreach visits to remote communities [12], 
or alternatively providing an auto-PAP trial to   patients lodged 
in hostels during their visit to Darwin city or opportunistically, 
while the patient is admitted to hospital [21]. In addition to this 
geographical barrier is the cost of treatment, competing health 
priorities, lack of access to reliable electricity (in-home trials), 
and language and cultural barriers that limit effective communi-
cation between healthcare professionals and their patients [20]. 
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Moreover, knowledge and self-awareness of medical conditions 
can also be poor among Aboriginal people residing in remote 
localities [57]. As can be seen in the response to the question “In 
general, how would you describe last nights sleep compared to a 
normal nights sleep?,” more than one-third of patients reported 
their sleep to be worse than usual following the diagnostic study. 
Given this, it is possible that those who didn’t follow up and have 
a subsequent CPAP study are those who had a similar experience 
of worse sleep quality and considered further follow-up and man-
agement of the condition to be potentially harmful to their health 
and thus not worthwhile. Nonetheless, it is important to recog-
nize that despite 30% of the studied population residing in remote 
or very remote locations, the median time between diagnostic 
and CPAP study was just 53 days. Whilst the time lapse between 
diagnostic and CPAP implementation studies in Australia is 
highly variable and often center dependent, some international 
studies have reported wait times of up to 280 days prior to CPAP 
implementation studies [58]. This suggests that there is adequate 
availability of resources to address sleep health issues among 
Aboriginal Australians, including those residing in remote com-
munities, and remoteness in isolation may be less of a barrier 
to CPAP studies in the NT Australia population [56,59]. However, 
other social determinants as barriers to providing timely and 
appropriate care need to be explored further. Moreover, develop-
ing culturally appropriate pictorial education resources for both 
patients and community Aboriginal health practitioners, includ-
ing, exploring alternate therapeutic interventions in the manage-
ment of OSA such as weight loss strategies, positional therapy, 
and surgical interventions may be worthwhile [12,60–62].

There have been only a limited number of studies investi-
gating long-term adherence to CPAP therapy among Aboriginal 
Australians; however, limited studies published in the literature 
suggest a lack of knowledge [57] and awareness about OSA and 
its treatment, as well as a sense of shame about being diag-
nosed with a sleep disorder [43]. As 30% of this cohort is living 
in remote and very remote locations, there is also less of an 
opportunity for ongoing education, mask fitting, and access to 
daytime CPAP desensitization programs which may also limit the 
ability of Aboriginal patients to successfully acclimatize to ther-
apy [63–65]. Nonetheless, in the presence of a higher burden of 
chronic medical comorbidities among Aboriginal Australians [66–
68], untreated OSA may further perpetuate long-term adverse 
health consequences [69,70]. Hence, it is paramount that ongo-
ing research explores the determinants of implementation and 
adherence to CPAP therapy, identifying both barriers and enablers 
that are culturally and clinically relevant [61,62], in order to close 
the sleep health gap among Aboriginal people.

Limitations of the study
The study results are limited to TEHS-specific NT Aboriginal pop-
ulations and the results cannot be generalized to other Australian 
Aboriginal populations or Indigenous groups globally. Post-sleep 
study questionnaires were also not available for all patients. In this 
study, all patients underwent level-1 in-lab CPAP implementation 
studies. It is speculative if the outcomes would have been different 
if the study included patients undergoing unmonitored auto-PAP 
trials. In our center, remote residing patients are offered auto-PAP 
trials during community outreach visits, and as such a different 
cohort may have been captured in this study who preferred in-lab 
CPAP titration trials compared to in community auto-PAP trials. 
Moreover, in this study we did not assess long-term CPAP adher-
ence data among those reporting improvement in sleep quality fol-
lowing CPAP implementation. Furthermore, due to lack of similar 

studies in other Indigenous population we were unable we com-
pare our study finding to other Indigenous groups.

Conclusion
This study demonstrates that application of CPAP significantly 
improves self-reported sleep quality and multiple domains of sleep 
parameters include AHI and oxygen saturations among Aboriginal 
Australians diagnosed with OSA. Further studies are needed to inves-
tigate the acceptability and long-term adherence of CPAP therapy, 
including other sleep health related parameters in this population.
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