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Background: Sleep disorders such as obstructive sleep apnoea (OSA) are known to overlap significantly with airway diseases in 
various populations. This study assessed the relationship between lung function parameters against polysomnography (PSG) and 
continuous positive airway pressure (CPAP) adherence data amongst an Aboriginal Australian population.
Methods: Patients who undertook both a diagnostic PSG and spirometry were included. Restrictive, obstructive, and mixed 
impairments were assessed via global lung function initiative (GLI-2012, ATS/ERS) criteria/guidelines. PSG and CPAP data were 
evaluated between patients with or without spirometry impairments.
Results: Of the total 771 patients, 248 had PSG and spirometry data available (52% female, 44% remote residents, 78% obese). The 
majority (89%) had OSA (51% severe), 95 (38%) were observed to have a restrictive impairment, and 31 (13%) had an obstructive or 
mixed impairment on spirometry. Compared to patients with no spirometric impairment, those with restrictive or obstructive/mixed 
impairments demonstrated significantly lower sleep efficiency (median 84% vs 79% and 78%), higher apnoea-hypopnea index (AHI) 
during rapid eye movement (REM) sleep (median 32 vs 52 and 55 events/hour), reduced REM oxygen saturation (SpO2) (median 
94.0% vs 92.0% and 92.5%) and reduced adherence to CPAP therapy (median 39% vs 22% and 17%). Differences in sleep efficiency, 
REM AHI, and NREM SpO2 held for patients with obstructive/mixed impairments in multivariate modelling.
Conclusion: Aboriginal Australian patients with OSA have a higher concurrent lung function’ impairment. Spirometric impairment 
appears to negatively influence sleep efficiency, nocturnal SpO2 and CPAP adherence. This may have substantial implications for OSA 
management among Aboriginal Australians.
Keywords: COPD, CPAP, first nations, OSA, sleep apnoea, spirometry

Plain Language Summary
The existence of Aboriginal people in the Northern Australian continent dates back to 65,000 years (Clarkson et al. Human occupation 
of northern Australia by 65,000 years ago. Nature 2017). The First Australians had belief in dreaming and fostered dreaming as an 
avenue for advocating moral, human behaviour and culture. Aboriginal elders have also identified that sleep is an important aspect of 
wellbeing and that lack of quality sleep could have a critical effect on spirituality, connection to the land, country, and kinship. 
However, similar to Indigenous populations globally, a history of colonisation and dispossession of country has resulted in ongoing 
intergenerational trauma and disadvantage, moreover, adaptation to demanding modern world and culture has resulted in contemporary 
health inequities. Indigenous Australians have a higher burden of lung/breathing disorders in comparison to non-Indigenous 
Australians. However, no studies have examined the impact of sleep in the presence or absence or its interrelationship with lung/ 
breathing disorders in Aboriginal people. This study for the first time assessed sleep health profile and its relationship to lung function/ 
breathing amongst adult Aboriginal Australians in Northern Australia and has demonstrated that presence of abnormal lung function/ 
breathing could have an impact on several sleep-related domains, more specifically during rapid eye movement sleep and in overall 
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sleep efficiency. Hence, it is reasonable to speculate that improving lung function/breathing would result in better sleep in Aboriginal 
people.

Introduction
The Australian Aboriginal population experiences a higher prevalence of chronic airway diseases than their non- 
Aboriginal peers.1 Emerging literature highlights the high prevalence of chronic obstructive pulmonary disease 
(COPD), bronchiectasis, and asthma, among other complex and comorbid conditions, as well as reduced lung function 
in the absence of objective evidence of disease.2–12 Presence of chronic airway diseases and reduced lung function have 
been noted to significantly increase the risk of, and overlap with sleep disorders such as obstructive sleep apnoea (OSA), 
in turn leading to adverse bi-directional health effects resulting in significantly worse outcomes.13–15 Yet, despite the 
enhanced risk of, and greater potential sequelae from sleep-related disorders, limited literature exists regarding the 
prevalence of sleep disorders and sleep health outcomes among the Aboriginal Australian population.16,17 Furthermore, 
common tools to assess sleep health outcomes such as the Epworth sleepiness scale (ESS) have shown limited validity 
among Aboriginal Australians.18 Limited evidence in the literature suggests a heightened prevalence of both insomnia 
and inadequate sleep and sleep disordered breathing in this population.17,19–24

Numerous previous studies have utilised spirometry to predict or identify the association between lung function and 
sleep health parameters.15,25–30 Forced expiratory volume in one second (FEV1) was reported to be both a strong 
predictor of OSA,15,25 and strongly susceptible to decline over time among patients with OSA.26 However, other studies 
have shown limited correlation between spirometry parameters and sleep-related breathing disorders.27–29 Furthermore, 
there is a considerable range of spirometric abnormalities defined and identified across studies and regions, with 
restrictive or obstructive impairments among patients with OSA recorded as 10% and 40% in India,27 73% and 16% 
in Algeria,31 and 12% and 18% in Portugal.25 Further complicating matters, differing definitions of spirometric 
impairment have been utilised across studies.25–30,32

The applicability of these studies to the Aboriginal Australian adult population, who have a significant prevalence of 
chronic airway diseases and lung function impairment, is doubtful. Of additional concern is the gold standard treatment 
of OSA via continuous positive airway pressure (CPAP) therapy, for which adherence is noted to be low,31 may be 
impacted by the presence of airway diseases33 – especially those, such as bronchiectasis for which a productive cough is 
a common symptom. Hence, it is crucial to assess the association of spirometric parameters to polysomnographic (PSG) 
outcomes among the Aboriginal Australian adult population. We hypothesised that presence and type of lung function 
abnormality either; normal, restrictive, obstructive or mixed impairments would have an influence on sleep, as assessed 
on PSG, including long-term adherence to CPAP therapy. Therefore, in this study, we aimed to assess the prevalence of 
spirometric impairment among Aboriginal Australian patients referred for a PSG, the potential bidirectional associations 
between OSA severity and lung function impairment, and the association between lung function impairments and CPAP 
adherence among adult Aboriginal patients in the Top End Health Service (TEHS) region of the Northern Territory (NT) 
of Australia.

Methods
Setting and Ethical Approval
This study was conducted at the respiratory and sleep service at the Royal Darwin Hospital and Darwin respiratory and 
sleep health (DRSH)/Darwin Private Hospital based in the TEHS region of the NT of Australia. This study is a part of 
a larger project assessing factors influencing and implications of lung function parameters in Aboriginal Australians, 
inclusive of study participants from our previous reports.10,19,34,35 The project was approved by the Human Research 
Ethics Committee of the NT, TEHS and Menzies School of Health Research (Reference no: Human Research Ethics 
Committee 2019–3445) and was conducted according to the Declaration of Helsinki. As the study was retrospective in 
nature, individual patients' consent or consent to review their medical records was waived by the research committee. 
Patient data confidentiality was ensured for all patients involved in this study.
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Study Patient Inclusion & Data Collection
All adult patients (>18 years) who self-identified as of Aboriginal and/or Torres Strait Islander descent who underwent 
a diagnostic PSG at DRSH between 2012 and 2020 and had spirometry recorded in the same time period were included 
in this study. Data for patients with a failed diagnostic sleep study, those with failed spirometry and those with missing 
data, were excluded from the final analysis. Patients were referred to specialist respiratory and sleep service for further 
assessment by general practitioners, primary health care or other specialist practitioners based on clinical judgment for 
the presence of either sleep or respiratory disorders.

Prior to undergoing a diagnostic PSG, all patients completed a detailed questionnaire providing self-reported 
Aboriginal status, age, sex, smoking status, usual place of residence, and subjective daytime sleepiness via ESS.36 

Place of usual residence was coded according to the Australian Statistical Geography Standard (ASGS) (ASGS-3: outer 
regional, AGSG-4: remote, ASGS-5: very remote).37 Anthropometric measures of height, weight and neck circumference 
were collected prior to the sleep study. Body mass index (BMI) was calculated in a normal fashion and categorised as 
underweight (<18.5 kg/m2), normal weight (≥18.5 and <25 kg/m2), overweight (≥25 and <30 kg/m2) or obese (≥30 kg/ 
m2). Patients’ electronic medical records (EMRs) and radiology reports where available were checked for presence of 
comorbid COPD.10

Patients underwent a diagnostic PSG either as a level-1 in-lab monitored sleep study or as an unmonitored ambulatory 
level-2 study following an initial consultation and as per the discretion of the treating respiratory/sleep physician. PSG 
parameters utilised for this analysis included total sleep time (TST), sleep latency, rapid eye movement (REM) latency, 
wake after sleep onset (WASO), sleep efficiency (with low sleep efficiency defined as sleep efficiency <80%), percentage 
of total sleep time spent in non-REM (NREM) stage 1, 2, 3 or REM sleep, arousal indexes [total (TAI), respiratory 
(RAI), spontaneous (SAI)], apnoea/hypopnoea index (AHI) in total and for both REM and NREM sleep, with presence of 
OSA defined as an AHI >5 events/hour, and further broken down into mild (AHI 5–15), moderate (AHI 15–30), or severe 
(AHI >30), and oxygen saturations (SpO2) averages in total and for each of REM, NREM, and wake stages in addition to 
absolute nadir. Further details regarding PSG testing protocol as per recommended guidelines are available from 
a previous report from our centre.19

Spirometry tests were performed via a portable single-breath carbon monoxide diffusing capacity device “EasyOne 
Pro®, ndd Medical Technologies (Medizintechnik).” Only spirometry results that were graded as acceptable and 
repeatable38 were included in the analysis. For the purposes of this study and in the absence of specific spirometric 
norms for Aboriginal Australians, the predicted values were calculated using the Global lung function initiative data 
(GLI-2012) (other/mixed ethnicity).39 Parameters assessed were FEV1, forced vital capacity (FVC), FEV1/FVC ratio, 
bronchodilator responsiveness (BDR, defined as per updated 2022-international criteria as a change of ≥10% in percent 
predicted values of FEV1 or FVC), as per ATS/ERS guidelines.40 Further details on spirometry testing are described in 
our previous reports.4,7,8,10,11,34,35,41,42

Four spirometry impairments were defined on the basis of post-bronchodilator (BD) values:40

● Restrictive impairment: post-BD FVC < lower limit of normal (LLN) in the absence of an obstructive impairment.
● Obstructive impairment: post-BD FEV1/FVC < LLN in the absence of a restrictive impairment.
● Mixed impairment: presence of both obstructive and restrictive impairments.
● Normal spirometry: absence of both obstructive and restrictive impairments.

In cases where the patient had multiple diagnostic PSGs or spirometries, the PSG and spirometry with the shortest 
time lag between were selected for analysis.

CPAP Data
In our centre, patients with moderate or severe OSA are offered CPAP therapy, or in the case of mild OSA patients with 
cardiovascular comorbidities, including in the presence of arterial hypertension. Patients may either undertake an in-lab 
CPAP titration or an un-monitored auto-positive airway pressure (APAP) trial, and if the patient accepts therapy, they are 
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offered a further home trial for 4–8 weeks. At the end of this trial period, patients who are assessed to be adapting and 
adherent to CPAP (via assessment of downloaded data from the CPAP device) are eligible for a health department funded 
CPAP device.43 For the current study, device data were downloaded and information on usage (up to maximum 180 days) 
was utilised to determine the percentage of nights with use, average nightly hours of use (on nights with device use), 
percentage of nights with at least 4 hr of use and adherence which was defined as 70% of nights with at least 4 hr of 
use.31,44

Statistical Methods
Data were not normally distributed as tested on Shapiro–Wilks and thus reported as median (interquartile range (IQR)). 
Differences in demographic and clinical parameters between patients with and without OSA were tested via Kruskal– 
Wallis rank sum test for continuous parameters, and chi-square test for categorical parameters or Fishers exact test in 
instances where categories contained less than 10 participants. Differences in PSG outcomes between spirometry 
impairments (normal spirometry vs restrictive impairment vs obstructive/mixed impairment) and differences in spiro-
metry parameters by OSA severity (mild vs moderate vs severe) were tested via quantile regression for continuous 
parameters, logistic regression for binary parameters, and ordered logistic regression for step outcomes. Multivariate 
quantile or logistic regression models adjusted for age, sex, BMI, remoteness (ASGS-3, −4 or −5) and smoking status 
were utilised to identify the effect of spirometry impairments on PSG outcomes, with results reported as beta (95% 
confidence interval (95% CI)) or odds ratio (OR), utilising “normal spirometry” as the reference. Alpha was set to 0.05 
throughout, and all analyses were conducted in STATA IC 15 (StataCorp Texas).

Results
Study Participants and Clinical Data
A total of 771 adult Aboriginal patients were identified to have undergone a diagnostic PSG in the study timeframe, of 
whom 294 had spirometry available. Excluding patients with a failed diagnostic sleep study (n=14, 5%), those with failed 
spirometry (n=21, 7%) and those with missing data (n=16, 5%) resulted in 248 patients for analysis, of whom the 
majority (89%, n=221) had OSA (Figure 1). Most patients were female (52%), resided in outer regional areas (56%) and 
were classified as obese (78%). The median time between PSG and spirometry was 22 days (IQR 3, 173), and the 
majority of patients (72%) had their PSG prior to the spirometry. There were significant differences in proportion of 
females, weight, BMI, neck circumference and ESS between patients with OSA and those without, such that patients 
with OSA were male, heavier, had a larger neck circumference and a greater ESS (Table 1). Baseline data for PSG and 
spirometry parameters are shown in Supplementary File A. Half of the cohort had no spirometry impairment identified 
(n=122, 49%), just over one-third (38%, n=95) showed a restrictive impairment, while isolated obstructive or mixed 
impairments were rare, occurring in 3% (n=7) and 10% (n=24) of patients, respectively. Hence, subsequent analyses 
merged obstructive and mixed impairments into a single group.

Spirometry Parameters by OSA Severity
Among patients with no OSA, and those with mild, moderate or severe OSA, there were limited differences in spirometry 
parameters (Table 2). Post-BD percent predicted values for FVC were significantly reduced among severe OSA patients 
compared to no-OSA patients (beta 0.11 (95% CI 0.02, 0.2)), with a decreasing trend evident from no-OSA to mild to 
moderate to severe OSA (medians 88, 82, 79 and 77%, respectively). This decreasing trend was also seen for FEV1 

(medians 90, 82, 81 and 78%, respectively, from no- to severe OSA), and the proportion of patients with no spirometry 
impairment (63, 51, 49 and 45%, respectively); however, these differences did not reach statistical significance. In 
multivariate regression models, no significant differences were noted between mild, moderate or severe OSA patients 
compared to no-OSA patients for any parameters (Figure 2).
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Polysomnography Parameters by Spirometry Impairment
Patients with a restrictive impairment showed significantly reduced sleep efficiency (beta 5.8% (95% CI 0.7, 10.9)) 
compared to patients with no spirometry impairment, while patients with obstructive/mixed impairments showed 
significantly increased odds of recording low sleep efficiency (OR 2.3 (95% CI 1, 5.2)) (Table 3). Both patients with 
restrictive impairment and those with obstructive/mixed impairments showed significantly increased REM AHI (beta 
19.8 events/hour (95% CI 4.8, 34.8) and 22.7 events/hour (95% CI 0.4, 45.1), respectively), which corresponded to 
a significant reduction in REM sleep percentage and REM sleep SpO2 among those with a restrictive impairment (beta 
5.4% (95% CI 2.5, 8.3) and 2% (95% CI 0.1, 3.9), respectively), yet not among those with obstructive/mixed 
impairments (2.8% (95% CI −1.5, 7.2) and 2% (95% CI −0.7, 4.7), respectively). Total average and NREM SpO2 

were significantly reduced among patients with obstructive/mixed impairments (2% (95% CI 0.1, 3.9) and 2% (95% CI 
0.2, 3.8), respectively), though not among patients with a restrictive impairment.

Among patients who used CPAP for >30 days, the percentage of days with at least 4 hr of CPAP use was significantly 
lower among patients with a restrictive impairment compared to patients with normal spirometry (beta 33.9% (95% CI 
8.6, 59.3)). Although there was a lower proportion of patients with restrictive or obstructive/mixed impairments adherent 
to CPAP compared to those with no impairment, this did not reach statistical significance.

Multivariate Regression Modelling of Polysomnography Parameters by Spirometry
In multivariate regression models, patients with obstructive/mixed impairments had significantly increased odds of 
having low sleep efficiency compared to patients with no impairment (OR 2.6 (95% CI 1, 6.4)), while patients with 

Figure 1 Flow chart of patient inclusion, OSA severity categorisation and spirometry impairment. 
Abbreviations: MI, Mixed impairment; NI, No impairment; OI, Obstructive impairment; OSA, obstructive sleep apnoea; PFT, Pulmonary function test; PSG, 
Polysomnography; RI, Restrictive impairment.
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a restrictive impairment showed no significant difference (Table 4). The previously noted changes in REM sleep 
percentage, AHI and SpO2 among patients with a restrictive impairment (Table 3) were fully attenuated in the multi-
variate models, as was the difference in percentage of nights with at least 4 hours of CPAP use. Among patients with 
obstructive/mixed impairments; however, there remained a significant increase in REM AHI (beta 20.7 events/hour (95% 
CI 2.8, 38.6)), borderline reductions in SpO2 while awake or in REM (1% (95% CI −0.1, 2.1) and 2% (95% CI −0.2, 4.6), 
respectively), and significant reductions in SpO2 total average and during NREM (beta 1.6% (95% CI 0.3, 3) and 2.1% 
(95% CI 0.4, 3.9), respectively).

When assessing lung function parameters as continuous predictors (FVC, FEV1 & FEV1/FVC) we noted some 
different patterns of results when compared to the previous assessment by impairment category (Figure 3). One unit 
increases in both FVC and FEV1 were associated with significantly reduced WASO (median −16.7 and −21.5 min, 
respectively) and significantly increased sleep efficiency (3% and 4.2%, respectively). Both were also significantly 
associated with increased SpO2 in NREM sleep and borderline increases in total average and nadir values. NREM SpO2 

was the only outcome significantly influenced by changes in FEV1/FVC (beta 7.45% (95% CI 2.15, 12.74)), with all 
other FEV1/FVC outcomes showing significantly larger confidence intervals than either FVC or FEV1 alone.

Table 1 Demographic and Clinical Profile of Study Patients by Obstructive Sleep Apnoea (OSA) Presence

Clinical Parameters Unit/Category OSA Group (n=221) No-OSA Group (n=27) p-value

Sex Female 109 (49%) 20 (74%) 0.023*

Age (first contact) Year 48.69 (39.48, 57.06) 43.62 (32.3, 51.69) 0.101

Height cm 167.6 (161.5, 174) 164 (160, 170) 0.145

Weight kg 98 (86.95, 115.45) 88 (71, 98.6) <0.001*

Neck circumference cm 43 (39.5, 47) 40 (37, 43) 0.002*

Body mass index kg/m2 35.04 (30.85, 40.38) 31.38 (27.44, 34.12) 0.001*

Corpulence status Underweight 0 (0%) 0 (0%) 0.018*

Normal weight 6 (3%) 2 (8%)

Overweight 37 (17%) 9 (35%)

Obese 177 (80%) 15 (58%)

Origin Outer regional 120 (54%) 19 (70%) 0.332

Remote 21 (10%) 1 (4%)

Very remote 80 (36%) 7 (26%)

Smoking data and status Had smoking info 211 (95%) 25 (93%) 0.626

Current smoker 96 (45%) 13 (50%) 0.796

Former smoker 55 (26%) 5 (20%)

Never smoker 61 (29%) 7 (28%)

Epworth sleepiness scale Absolute value 10 (6, 14) 7 (4, 13) 0.039*

Chronic obstructive pulmonary disease Yes 59 (27%) 5 (19%) 0.486

Time lag between polysomnography and spirometry Days 22.5 (3, 173) 20 (4, 257) 0.804

Notes: Data were median (interquartile range) or number (%). p-values obtained via Kruskal–Wallis rank sum test for continuous parameters and chi-squared test for 
categorical parameters (utilising Fishers exact test in cases where cell counts were <10). *Indicates significance at p<0.05.
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Table 2 Spirometry Parameters Split by Presence and Severity of Obstructive Sleep Apnoea (OSA)

Spirometry Parameters No-OSA (n=27) Mild OSA (n=57) p-value Moderate OSA (n=51) p-value Severe OSA (n=113) p-value

Age Years 43.62 (32.3, 51.69) 50.68 (39.48, 60.21) 0.036* 52.13 (44.45, 57.43) 0.013* 46.14 (36.9, 55.41) 0.412

Sex Female 20 (74%) 39 (68%) 0.597 29 (57%) 0.139 31 (36%) 0.001*

Height cms 164 (160, 170) 165 (160, 170) 0.665 164.3 (160, 172) 0.899 170 (163.5, 175.5) 0.005*

Weight kgs 88 (71, 98.6) 88.5 (79.5, 101.1) 0792 95.2 (87, 106.1) 0.185 110 (91, 122) <0.001*

BMI kg/m2 31.38 (27.44, 34.12) 31.62 (28.53, 36.43) 0.657 34.14, (30.9, 38.95) 0.122 37.59 (31.38, 42.33) 0.001*

FVC LLN 2.81 (2.49, 3.05) 2.57 (2.25, 3.1) 0.261 2.62 (2.37, 3.33) 0.388 3.17 (2.59, 3.66) 0.067

Pre-BD (L) 2.91 (2.04, 3.29) 2.54 (2.03, 3.32) 0.199 2.54 (2.11, 3.49) 0.203 2.89 (2.26, 3.84) 0.933

Pre-BD (%) 0.85 (0.62, 0.93) 0.8 (0.61, 0.89) 0.304 0.79 (0.66, 0.91) 0.275 0.77 (0.64, 0.88) 0.111

Post-BD (L) 2.93 (2.1, 3.38) 2.61 (1.92, 3.39) 0.226 2.61 (2.25, 3.44) 0.228 2.96 (2.24, 3.82) 0.895

Post-BD (%) 0.88 (0.65, 0.97) 0.82 (0.67, 0.92) 0.211 0.79 (0.65, 0.93) 0.062 0.77 (0.65, 0.89) 0.021*

FEV1 LLN 2.31 (1.98, 2.44) 2.07 (1.77, 2.45) 0.196 2.1 (1.87, 2.56) 0.264 2.53 (2.09, 2.93) 0.225

Pre-BD (L) 2.48 (1.65, 2.73) 1.92 (1.49, 2.59) 0.035* 2.1 (1.57, 2.7) 0.159 2.28 (1.66, 3) 0.411

Pre-BD (%) 0.84 (0.69, 0.94) 0.78 (0.58, 0.9) 0.309 0.77 (0.62, 0.91) 0.235 0.76 (0.6, 0.89) 0.151

Post-BD (L) 2.46 (1.75, 2.84) 2.06 (1.43, 2.62) 0.106 2.17 (1.65, 2.71) 0.250 2.44 (1.79, 3.15) 0.939

Post-BD (%) 0.9 (0.66, 0.98) 0.82 (0.6, 0.91) 0.286 0.81 (0.63, 0.93) 0.255 0.78 (0.6, 0.91) 0.072

FEV1/FVC LLN 0.72 (0.71, 0.73) 0.71 (0.69, 0.73) 0.062 0.71 (0.69, 0.72) 0.067 0.71 (0.7, 0.73) 0.210

Pre-BD (absolute) 0.81 (0.76, 0.85) 0.79 (0.73, 0.83) 0.240 0.8 (0.76, 0.83) 0.543 0.79 (0.73, 0.83) 0.266

Post-BD (absolute) 0.83 (0.8, 0.88) 0.81 (0.74, 0.84) 0.168 0.81 (0.76, 0.85) 0.174 0.82 (0.75, 0.86) 0.356

BDR Yes 5 (19%) 6 (11%) 0.316 4 (8%) 0.172 10 (9%) 0.154

Impairment Restrictive 7 (26%) 23 (40%) 0.201 19 (37%) 0.315 46 (41%) 0.160

Obstructive 1 (4%) 2 (4%) 0.964 1 (2%) 0.649 3 (3%) 0.770

Mixed 2 (7%) 3 (5%) 0.699 6 (12%) 0.550 13 (12%) 0.540

Normal spirometry 17 (63%) 29 (51%) 0.300 25 (49%) 0.242 51 (45%) 0.100

Notes: Data were median (interquartile range) or number (%). p-values obtained via univariate quantile regression for continuous outcomes or univariate logistic regression for binary outcomes utilising “Non-OSA” as baseline 
reference. *Indicates significance at p<0.05. 
Abbreviations: BD, bronchodilator; BDR, BD response; FEV1, Forced expiratory volume in 1 second; FVC, Forced vital capacity; LLN, Lower limit of normal.
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Discussion
To the best of the authors’ knowledge, this is the first study to assess spirometry parameters in relation to PSG findings 
among an adult Aboriginal Australian population and demonstrated several key findings:

(i) Restrictive ventilatory abnormality was the most common spirometric impairment in the presence of OSA.
(ii) Presence of ventilatory impairment has a negative influence on sleep efficiency.

(iii) REM sleep stages are particularly affected by the presence of ventilatory impairment.
(iv) Presence or absence of spirometric impairments may help to predict CPAP adherence.

The Aboriginal Australian population has a high prevalence of chronic airway diseases and experiences significantly 
greater and earlier morbidity and mortality as sequelae from them than non-Aboriginal populations.2,3,6,8–11,17,34,35,42,45 

The recognised potential for overlap between pulmonary function parameters and sleep disordered breathing is reflected 
in the relatively high proportion (38%) of patients who had been referred for a spirometry among the PSG patient cohort. 
The prevalence of spirometric impairment was high, as reported in previous publications from this region,4,7,8,34 with half 
(51%) of the patients with spirometry available recording an impairment. Among those patients with OSA, a restrictive 
impairment was the most common, present in 40% of patients while obstructive or mixed impairments were present in 
3% and 10%, respectively. Overall, 33% of patients with OSA in the current study had evidence of COPD/OSA overlap 
(via either an existing COPD diagnosis or evidence of obstructive impairment on spirometry), which is in the middle of 
the range previously reported among OSA patients.46,47

In addition to COPD, literature also shows evidence for significant nocturnal symptoms among patients with 
bronchiectasis,48–50 with the prevalence of OSA particularly increased among patients with comorbid COPD & 
bronchiectasis.51 Although bronchiectasis was not reported in the current study, among Aboriginal Australian children 
in the NT, the incidence of bronchiectasis has been reported to be the highest seen worldwide,52 and among Aboriginal 
Australian adults with COPD in the NT, comorbid bronchiectasis is seen in about 30%.6,10,34,53,54 In this population, 
bronchiectasis has been associated with restrictive impairment on spirometry,54 and a restrictive impairment was 
common in the current study. Overall, the frequency of spirometric impairments was similar to what has been reported 
among Algerian or Indian patients,27,32 and significantly higher than what has been reported among European and non- 
Aboriginal Australian patients.25,55 Additionally, patients in the current study had mean 48 years of age, similar to small 
studies from Algeria,32 India27 and Serbia,28 yet significantly younger than European studies.25,26,46,56

Figure 2 Coefficients plot of multivariate regression effects showing effect of severity of OSA compared to no OSA baseline on spirometry parameters. 
Abbreviations: BD, bronchodilator; FEV1, Forced expiratory volume in 1 s; FVC, Forced vital capacity; LLN, Lower limit of normal; OSA, obstructive sleep apnoea.
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Table 3 Polysomnography (PSG) Parameters by Normal Spirometry, Restrictive or Obstructive/Mixed Impairments on Spirometry

Polysomnography Data Polysomnography 

Parameters

Normal Spirometry 

(n=122)

Restrictive 

Impairment (n=95)

p-value Obstructive/Mixed 

Impairments (n=31)

p-value

Sleep related variables Sleep latency 13 (4, 33) 18 (4.25, 33.5) 0.187 16.15 (4, 45) 0.436

REM latency 123 (72.5, 179.5) 124 (67, 230) 0.949 119 (75, 156.5) 0.866

Wake after sleep onset 53.6 (31.9, 100.75) 75.5 (39.9, 141) 0.085 77.1 (53, 157) 0.208

Sleep efficiency 84.15 (73.9, 89.3) 78.85 (67.4, 90) 0.026* 77.75 (62.1, 86.7) 0.093

Sleep efficiency <80% 48 (39%) 47 (52%) 0.063 18 (60%) 0.044*

Total sleep time 388 (344.5, 455) 396.5 (334.9, 480.9) 0.617 389 (330.5, 442.5) 0.874

Architecture N1 (%) 11.75 (7, 18.2) 11.3 (5.45, 21.3) 0.794 10.2 (5.6, 20) 0.572

N2 (%) 57.05 (50.3, 65.2) 61 (51.2, 76.9) 0.086 61.85 (53.8, 69.7) 0.143

N3 (%) 7.9 (2.3, 14.4) 5 (0, 11.7) 0.124 7.8 (2.4, 14.3) 0.971

REM (%) 18.85 (12.6, 23.7) 13.45 (7, 18.8) <0.001* 15.9 (9.8, 21.4) 0.203

Arousals Respiratory arousal index 11.8 (3.3, 25.3) 9.7 (3.4, 30.4) 0.579 14.6 (6.1, 18) 0.539

Spontaneous arousal index 3.35 (1.3, 6.3) 2.65 (1.1, 6) 0.300 3 (1.9, 5.2) 0.690

Total arousal index 22.75 (14.2, 37.3) 27.4 (13.3, 44.9) 0.142 24.7 (14.9, 31.4) 0.752

Apnoea-hypopnea index Total 21.45 (8.2, 45.8) 29.3 (12.8, 65) 0.176 31 (13.7, 50.3) 0.262

NREM 19.15 (6.25, 47.1) 27.4 (8.6, 62.6) 0.167 23.25 (16.1, 56.6) 0.602

REM 32.05 (8.5, 62.55) 52.2 (25.1, 73.2) 0.010* 55.1 (21.5, 74.5) 0.047*

Obstructive sleep apnoea No 105 (86%) 88 (93%) 0.651 28 (90%) 0.329

Mild 29 (28%) 23 (26%) 5 (18%)

Moderate 25 (24%) 19 (22%) 7 (25%)

Severe 51 (49%) 46 (52%) 16 (57%)

Oxygen saturation Total 94 (93, 96) 93 (91, 96) 0.136 92 (90, 94) 0.040*

Wake 95 (94, 96) 95 (92, 96) 0.999 94 (92, 95) 0.192

NREM 94 (93, 96) 93 (91, 96) 0.122 92 (89, 94) 0.033*

REM 94 (91, 96) 92 (87, 95) 0.038* 92.5 (87, 94) 0.146

Nadir 82 (75, 88) 77 (67, 84) 0.018* 78 (69, 85) 0.188

Continuous positive airway 

pressure (CPAP)

Trialled CPAP 57 (54%) 60 (68%) 0.050* 16 (57%) 0.787

CPAP > 30 days 36 (63%) 36 (60%) 0.726 6 (38%) 0.073

Days used (%) 53.35 (12.2, 97.5) 20.55 (5.25, 86.35) 0.081 20.85 (7.8, 28.3) 0.430

Average hours used 5.53 (3.53, 7.15) 4.4 (3.17, 6.34) 0.213 3.17 (1.56, 5.32) 0.418

Days used >4 hours (%) 44.15 (10.55, 82.5) 12.5 (2.75, 55) 0.009* 8.3 (1.1, 22.8) 0.172

Adherent 14 (39%) 8 (22%) 0.129 1 (17%) 0.313

Notes: Data were median (interquartile range) or number (%). p-values obtained via univariate quantile regression for continuous outcomes and univariate logistic 
regression for binary outcomes, utilising “normal spirometry” as baseline reference. Fishers exact test was used for obstructive sleep apnoea presence and severity. 
*Indicates significance at p<0.05. 
Abbreviations: N1/N2/N3, non-rapid eye movement stages 1, 2, 3; NREM, Non-Rapid eye movement; REM, Rapid eye movement.
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Table 4 Quantile Regression (Continuous Parameters) and Logistic Regression (Binary Parameters) for the Effects of Restrictive or 
Obstructive/Mixed Impairments of Spirometry Against the Reference of “Normal” Spirometry, Adjusting for Age, Sex, Body Mass 
Index, Remoteness and Smoking Status

Polysomnography Data Polysomnography 
Parameters

Restrictive 
Impairment (n=95)

p-value Obstructive/Mixed 
Impairments (n=31)

p-value

Sleep related variables Sleep latency 6.5 (−2.8, 15.81) 0.170 10.14 (−3.29, 23.56) 0.138

REM latency −1.49 (−38.09, 35.1) 0.936 −14.39 (−68.12, 39.34) 0.598

Wake after sleep onset 2.91 (−19.24, 25.05) 0.796 19.29 (−12.46, 51.04) 0.232

Sleep efficiency −2.2 (−6.35, 1.95) 0.298 −5.7 (−11.73, 0.33) 0.064

Sleep efficiency <80% 1.36 (0.73, 2.52) 0.335 2.59 (1.04, 6.44) 0.041*

Total sleep time 19.09 (−13.77, 51.95) 0.253 −22.62 (−70.59, 25.35) 0.354

Architecture N1 (%) −0.64 (−3.95, 2.66) 0.703 −1.97 (−6.81, 2.87) 0.423

N2 (%) 3.84 (−1.38, 9.06) 0.149 5.49 (−2.09, 13.08) 0.155

N3 (%) −1.46 (−4.69, 1.77) 0.374 0.19 (−4.51, 4.89) 0.936

REM (%) −2.35 (−5.19, 0.49) 0.104 0.82 (−3.3, 4.94) 0.695

Arousals Respiratory arousal 
index

−0.03 (−5.45, 5.4) 0.993 2.13 (−5.83, 10.1) 0.598

Spontaneous arousal 
index

−0.7 (−1.84, 0.44) 0.227 −0.44 (−2.11, 1.23) 0.606

Total arousal index 1.13 (−4.07, 6.33) 0.669 2.07 (−5.56, 9.7) 0.593

Apnoea-hypopnea index Total 4.77 (−5.29, 14.82) 0.351 8.99 (−5.62, 23.6) 0.227

NREM 1.31 (−9.26, 11.88) 0.807 7.56 (−7.71, 22.82) 0.330

REM 7.82 (−4.33, 19.97) 0.206 20.69 (2.8, 38.58) 0.024*

Obstructive sleep apnoea Presence and severity 0.99 (0.56, 1.74) 0.976 1.67 (0.71, 3.92) 0.240

Oxygen saturation Total −0.5 (−1.45, 0.45) 0.302 −1.63 (−3, −0.27) 0.019*

Wake −0.12 (−0.92, 0.67) 0.758 −0.99 (−2.1, 0.13) 0.082

NREM −0.8 (−1.99, 0.39) 0.185 −2.14 (−3.85, −0.43) 0.015*

REM −0.05 (−1.76, 1.65) 0.951 −2.19 (−4.58, 0.2) 0.072

Nadir −2.63 (−6.28, 1.02) 0.156 −2.56 (−7.81, 2.7) 0.338

Continuous positive airway 
pressure (CPAP)

Trialled CPAP 1.78 (0.9, 3.51) 0.097 1.17 (0.45, 3.04) 0.753

CPAP > 30 days 1.3 (0.54, 3.11) 0.557 0.7 (0.19, 2.61) 0.597

Days used (%) −19.59 (−53.93, 14.75) 0.259 −29.63 (−93.23, 33.98) 0.356

Average hours used 0.31 (−1.4, 2.02) 0.716 −0.38 (−3.55, 2.79) 0.812

Days used >4 hours (%) −26.91 (−60.53, 6.71) 0.115 −33.07 (−95.35, 29.21) 0.293

Adherent 0.52 (0.16, 1.73) 0.287 0.68 (0.04, 11.19) 0.788

Notes: Data were beta (95% confidence interval (CI)) or odds ratio (95% CI). p-values obtained via multivariate quantile regression for continuous outcomes, multivariate 
logistic regression for binary outcomes and ordered logistic regression for ordinal outcomes (OSA presence and severity), utilising “no spirometry impairment” as baseline 
reference. *Indicates significance at p<0.05. 
Abbreviations: N1/N2/N3, non-rapid eye movement stages 1, 2, 3; NREM, Non-rapid eye movement; REM, Rapid eye movement.
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Previous reports have shown that up to 40% of patients with COPD could experience disturbed sleep, particularly 
during REM sleep – with greater awakenings and micro-arousals, significantly disrupting sleep architecture.57,58 Indeed, 
in the current study 52% of restrictive and 60% of obstructive/mixed impairment patients had a sleep efficiency of less 
than 80%, and in multivariate adjusted models, the odds of having low sleep efficiency were significantly heightened (OR 
2.6). Moreover, in line with previous research, we found significantly greater impacts of obstructive impairments on 
REM sleep compared to NREM sleep.57 In REM sleep, patients with obstructive/mixed impairments experienced 
a median 21 events/hour (AHI) more than patients with no impairment, while in NREM sleep there was a median 
difference of 8 events/hour. Despite this, SpO2 in both REM and NREM sleep was a median 2% lower among patients 
with obstructive/mixed impairments.

Patients with COPD/OSA overlap syndrome have been reported to have significantly worse outcomes than patients who 
have either OSA or COPD alone.26,57,59,60 As such, adherence to CPAP therapy is essential for patients with potential 
overlap syndrome and has been associated with improvements in quality of life, daytime symptoms of COPD, reduced 
hospitalisations, exacerbations and mortality.61–65 A novel aspect of the current study was the assessment of CPAP usage 
among patients with differing spirometric impairments. Among patients with more than 30 days of CPAP-use, those who 
had a restrictive impairment recorded at least 4 hr of use on a median 13% of nights, while those with no impairment did so 
on a median 44% of nights, and the overall adherence rate among patients with any spirometric impairment was nearly half 
that of patients with no impairment (21 vs 39%). These differences were attenuated in multivariate modelling, which is 

Figure 3 Coefficients plot of multivariate regression effects for one unit change in FVC, FEV1 & FEV1/FVC. 
Abbreviations: AHI; apnoea-hypopnoea index; CPAP, Continuous positive airway pressure FEV1, Forced expiratory volume in 1 s; FVC, Forced vital capacity; N1/2/3, Non- 
REM stage 1/2/3; RAI, Respiratory arousal index; REM, Rapid eye movement; SAI, Spontaneous arousal index; SpO2, oxygen saturation; TAI, Total arousal index; TST, Total 
sleep time, WASO, Wake after sleep onset.
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likely largely due to the difference in residence remoteness between patients with and without spirometric impairments44 – 
as 28% of no impairment patients resided in remote areas compared to 67% and 57% of patients with restrictive or 
obstructive spirometric impairments resided in remote/rural locality (Supplementary File B). Challenges associated with 
remoteness appear to be a major barrier to adherence, as identified in a recent study from our centre among Aboriginal 
Australian patients on CPAP, within which 21% were identified to be adherent to therapy, of whom the majority (84%) 
resided in outer regional areas.44 Regardless, out of the entire cohort in the current study, only 78 patients were able to have 
CPAP adherence assessed, which dramatically reduces the power for the multivariate modelling. Among patients with 
respiratory/ventilatory impairment, it has been noted that some patients may have difficulty in acclimatising, potentially due 
to experiencing the perception of asphyxiation and breathing impairment when first introduced to CPAP therapy.33,66 

Among Aboriginal Australian patients with COPD, symptoms of cough, wheeze and sputum production are particularly 
prevalent and thus may present as a barrier to CPAP use.33,67 Our study findings indicate that in the combined presence of 
a higher burden of respiratory comorbidities alongside significant spirometry impairment among remote residing 
Aboriginal population may hamper long-term adherence to CPAP therapy. Hence, improving lung function may have bi- 
directional benefits for both respiratory and sleep related outcomes.

In the Australian context, only a single previous study (a conference abstract), involving a predominantly non- 
Aboriginal cohort was identified, which had a similar number of patients who undertook both a PSG and spirometry.55 In 
contrast to our study, the majority of patients had normal spirometry (63%), and obstruction was the predominant 
spirometric impairment identified (19%). Moreover, an association between FVC, FEV1 and total AHI among patients 
with an obstructive impairment was observed. This may indicate that the interplay between ventilatory function to sleep 
manifests differently among Indigenous in comparison to non-Indigenous patients. Nevertheless, in the absence of similar 
data published in any other Indigenous population, it is hard to generalise our study findings for other Indigenous 
populations in Australia or globally. Hence, further studies among populations with high risk of COPD/OSA overlap, or 
populations with high prevalence of respiratory comorbidities,68,69 are warranted to further explore the clinical para-
meters and outcomes of lung function impairment coupled with sleep-disordered breathing.

Study Limitations
The current study was conducted in the TEHS region of the NT, and as such may not be generalizable to other regions. In 
the absence of Aboriginal Australian specific reference norms for spirometry, the classification of patients into restrictive, 
obstructive or mixed impairments of spirometry has not been validated, as is highlighted by the significant presence of 
restrictive disease, and the low percent predicted values of FVC and FEV1. In addition, the current study did not utilise 
total lung capacity, which is necessary to confirm restrictive impairments. We also did not have data on current 
therapeutic interventions for the management of respiratory disease, including interventions such as domiciliary oxygen 
therapy. Although most patients had spirometry recorded within 1 month of their sleep study, for some patients the lag 
between spirometry and PSG was quite large, with potential for hospitalisations, medication changes or other significant 
changes in health between the two time points, including if CPAP therapy was initiated prior to spirometry test. Finally, 
spirometry was not available or performed in all patients who underwent a diagnostic PSG. Nonetheless, this is the first 
study to report on the relationship of lung function parameters to sleep study data in an Indigenous population, and there 
is room for prospective research.

Conclusions
Aboriginal Australian patients with OSA show a high prevalence of spirometry impairments. Restrictive impairments are 
the most common; however, obstructive/mixed impairments were associated with greater deficits in sleep outcomes. 
Presence of spirometry impairment may interact with remoteness to lower CPAP adherence in this population. As such, 
these findings may have substantial implications for the management of sleep disorders, including OSA, in this 
population.
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Abbreviations
AHI, Apnoea-hypopnoea index; APAP, Automatic positive airway pressure; ASGS, Australian statistical geographical 
standard; BD, Bronchodilator; BDR, Bronchodilator responsiveness; BMI, Body mass index; CI, Confidence interval; 
COPD, Chronic obstructive pulmonary disease; CPAP, Continuous positive airway pressure; DRSH, Darwin respiratory 
and sleep health; EMR, Electronic medical record; ESS, Epworth sleepiness scale; FEV1, Forced expiratory volume in 1 s; 
FVC, Forced vital capacity; GLI, Global lung function initiative; GOLD, Global initiative for chronic obstructive lung 
disease; IQR, Interquartile range; LLN, Lower limit of normal; NREM, Non-rapid eye movement; N1/2/3, Non-rapid eye 
movement stage 1/2/3; NT, Northern Territory; OR, Odds ratio; OSA, Obstructive sleep apnoea; PFT, Pulmonary function 
test; PSG, Polysomnography; RAI, Respiratory arousal index; REM, Rapid eye movement; SAI, Spontaneous arousal 
index; SpO2, Oxygen saturation; TAI, Total arousal index; TEHS, Top-end health service; TST, Total sleep time; WASO, 
Wake after sleep onset.
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