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Purpose: To assess the prevalence of positional sleep apnea (POSA) and its predictors in 
patients diagnosed to have obstructive sleep apnea (OSA) in the regional and remote 
population of the Northern Territory of Australia over a two-year study period (2018 and 
2019).
Patients and Methods: Of the total 1463 adult patients who underwent a diagnostic 
polysomnography (PSG), 946 patients were eligible to be included in the study, of them, 
810 consecutive patients with OSA (Apnea-Hypopnea Index (AHI) ≥ 5) who slept >4 h and 
had ≥30 min sleep in both supine and lateral positions were assessed. Patients were 
considered to have POSA if supine AHI to lateral AHI ratio ≥2. The likely comparative 
impact of use of continuous positive airway therapy (CPAP) or positional therapy (PT) on 
disease severity was evaluated using model simulation.
Results: A total of 495/810 (61%) patients had POSA, the majority were males (68% vs 
60%, p=0.013) and non-Indigenous Australians (93% vs 87%, p=0.004). POSA patients were 
younger (mean difference 2.23 years (95% CI 0.27, 4.19)), less obese (BMI mean difference 
3.06 (95% CI 2.11, 4.01)), demonstrated less severe OSA (p < 0.001) and a greater 
proportion reported alcohol consumption (72% vs 62%, p=0.001) as compared to those 
with non-POSA. Using the simulation model, if patients with POSA use PT two-thirds 
(323/495, 65%) would obtain significant improvement of their OSA severity, with one in 
five (92/495, 19%) displaying complete resolution. Comparing this to simulated CPAP 
therapy, where the majority (444/495, 90%) will show significant improvement, and one- 
third (162/495, 33%) will display complete resolution.
Conclusion: POSA needs to be routinely recognised and positional therapy integrated in 
practice especially in the remote regions and in the developing world when effective methods 
are in place to monitor positional therapy.
Keywords: adherence: apnea hypopnea index, body mass index, continuous positive airway 
pressure, obstructive sleep apnea, positional therapy

Introduction
The global prevalence of obstructive sleep apnea (OSA) is estimated to be between 
6 and 17% across various populations, particularly affecting those who are ageing 
or have a higher body mass index (BMI).1,2 OSA is known to interact with and 
predisposes to cardiovascular diseases leading to reduced quality of life and higher 
mortality.3–6 A growing body of literature exists to define the determinants and 
phenotypes of sleep apnea to better develop personalised treatment options for 
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patients diagnosed with OSA.7,8 Body position is known 
to impact the severity of OSA and supine sleep is observed 
to be associated with higher apnea-hypopnea index 
(AHI)9, moreover, body position parameters are recom-
mended to be measured routinely among patients under-
going polysomnography (PSG) testing.10

A distinct clinical type of OSA, “positional sleep apnea” 
(POSA) is considered when respiratory events occur predo-
minantly in certain body position during sleep.9,11 There are 
currently multiple clinical definitions of POSA; however, 
regardless of which definition is used, prevalence of POSA 
typically exceeds 50% among patients undergoing a PSG and 
diagnosed to have OSA.12–15 It is also observed that in supine 
sleep, apneas and arousals are longer, desaturations are dee-
per, snoring is louder, and occurrence of tachy-bradycardia 
following an apnoeic episode are more severe compared to 
lateral sleep position.16

Continuous positive airway pressure (CPAP) therapy 
is a well-established treatment modality for OSA and 
has been shown to improve quality of life in these 
patients.17,18 However, acceptance and long-term adher-
ence to CPAP therapy can be variable.19–22 Previous 
studies have reported non-adherence rates to CPAP ther-
apy can range between 34 and 83%.23,24 Consequently, a 
substantial proportion of patients with OSA who are 
either untreated or non-adherent to CPAP can experience 
adverse health consequences.25 Moreover, the afford-
ability and accessibility to a CPAP device can be a 
major issue, especially among the socioeconomically 
disadvantaged and people living in regional and remote 
communities.26,27 However, alternate therapeutic inter-
ventions may be helpful in addressing this issue.28,29

OSA is highly prevalent among the adult Australian 
population.30 However, there is sparse published evidence 
in the literature in relation to POSA in the regional and 
remote Australian setting. Previous studies from our centre 
at the Top End Health Service (TEHS) region of the 
Northern Territory (NT) of Australia have demonstrated a 
higher proportion of OSA among both Australian 
Aboriginal and/or Torres Strait Islander (ATSI) (henceforth 
represented as Indigenous Australians with respect) and 
non-Indigenous population.31–33 The population profile of 
the Top End, NT of Australia is unique and diverse, with a 
population of about 249,220 people and about 30% of 
whom are of Indigenous Australian descent living in an 
area stretched over 245,000 km2 (94,595.0 sq miles) in the 
northern, sub-tropical part of Australia.34 Moreover, 81% of 
Indigenous Australians and a minor proportion of non- 

Indigenous people live in remote and regional communities 
that can be accessed only by seasonal light aircraft. Hence, 
access to and monitoring of therapeutic interventions such 
as CPAP therapy possess unprecedented challenges due to 
the logistics involved. However, positional therapy (PT) 
may provide a viable alternative option in this population 
for those diagnosed to have OSA given the high rates of 
OSA reported in the literature, that may potentially change 
the treatment paradigm for OSA in this region. Initially 
however, it is critical to assess the prevalence of POSA in 
this population for further interventions. Hence, in this 
study, we evaluated the demographic, clinical and PSG 
characteristics and the presence of POSA among patients 
who underwent a diagnostic sleep study (PSG) in our cen-
tre. Furthermore, we also made an attempt to explore a 
model simulated scenario to understand if PT would be 
beneficial in this population.

Patients and Methods
Setting and Study Participants
This retrospective study was conducted at the Royal 
Darwin Hospital (RDH) and Darwin Respiratory and 
Sleep Health (DRSH), Darwin Private Hospital (DPH) in 
the TEHS region of the NT of Australia. Patients over 18 
years of age from the TEHS region who underwent a 
diagnostic PSG over a 2-year (2018–2019) study period 
were included in this study. As per usual practice in our 
centre, patients underwent a diagnostic PSG after an initial 
clinical consultation with a Respiratory and Sleep 
Specialist based at the RDH/DPH. The patients were 
referred to the respiratory and sleep service at RDH and 
DRSH/DPH by primary health physicians, general practi-
tioners and specialist practitioners for clinically suspected 
sleep disorders.

Clinical Parameters
As per usual protocol in this centre, clinical and demo-
graphic characteristics including self-identified ethnic sta-
tus, age, sex, height, weight, BMI (underweight 
(BMI≤18.5), normal weight (BMI>18.5 and BMI≤25), 
overweight (BMI>25 and BMI≤30), Obese I (BMI>30 
and BMI≤35) and Obese II (BMI>35)), neck circumference 
and medical co-morbid conditions were recorded for all 
patients undergoing a sleep study. Self-reported Epworth 
Sleepiness Scale (ESS) score, alcohol history and smoking 
status were also recorded. Patient’s residence locality was 
identified by post code and they were classified as either 
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living in urban, outer rural Regional Australia (RA 2, 3) or 
remote (RA4) and very remote (RA5), in accordance within 
the TEHS regions.35

Polysomnography (PSG) Data
All PSGs were performed at the Darwin-based sleep ser-
vice facility, DRSH based at the DPH, an accredited sleep 
testing facility by the National Association of Testing 
Authorities, Australia (NATA) and the Australian Sleep 
Association (ASA). Sleep studies were performed and 
analysed in accordance with the American Academy of 
Sleep Medicine recommendations and as described in pre-
vious reports from our centre.31,32 Polysomnography data 
were extracted to include information on the severity of 
sleep disordered breathing using Apnea-Hypopnea Index 
(AHI) criteria. Total AHI was categorised into four groups: 
AHI ≤5 (normal range), AHI = 5–14.9 (mild sleep apnea), 
AHI = 15–29.9 (moderate sleep apnea), AHI ≥ 30 (severe 
sleep apnea). PSG parameters for sleep architectures were 
also assessed. Only level 1 (monitored “in-lab”) and level 
2 (unmonitored ambulatory home) studies were included 
in the analysis. In order to accurately determine prevalence 
of POSA the following additional study inclusion criteria 
were applied: total sleep time ≥4 hours, and recorded time 
in supine and lateral positions ≥30 minutes each.

POSA and Non-POSA Consideration
Utilising a modified Cartwright definition9 POSA was 
defined as; total AHI ≥5, and supine to lateral AHI ratio 
of ≥2:1. Non-POSA was defined as presence of OSA 
which did not meet the preceding criteria.

Treatment Simulation
The likely impacts on disease severity of treatment modal-
ities were simulated in the present study. In order to give 
meaningful comparisons and account appropriately for real- 
world scenarios, optimal usage of both PT and CPAP ther-
apy were set to be the same (60%) for the duration of sleep. 
The impact of PT was simulated assuming that therapy 
caused patients to sleep in the (non-supine) lateral position 
60% of the night; thus, the PT simulated AHI was calculated 
using the formula: AHIPT ¼ ðAHISupine � 0:4Þ þ AHILateral. 
The simulation of the CPAP effect was based on the 
assumption that the frequency of apnea/hypopnea events 
is constant throughout the night. Furthermore, it was 
assumed that CPAP with optimal pressure prevents all 
respiratory events, and no apneas or hypopneas occur dur-
ing simulated CPAP usage. CPAP adherence was 

considered optimal for 60% of the total sleep time.36 

Therefore, total AHI in this CPAP simulation was calcu-
lated using the formula: AHISimulated ¼ AHITotal � 0:4

Statistical Consideration
Continuous parameters were initially analysed for normal-
ity via the Shapiro Wilks distribution test, and all were 
found to have non-parametric distribution (p<0.01) thus 
reported as medians (interquartile ranges (IQRs)) while 
categorical variables were reported as numbers (percen-
tages). BMI was reported both as a continuous parameter 
and as categorical parameters.

Demographic and clinical parameters were compared 
between POSA and non-POSA (excluding non-OSA par-
ticipants) using equality of medians test for continuous 
parameters, and two-tailed proportions z-test for categori-
cal parameters. Univariate and multivariate logistic regres-
sion models were developed to define the individual and 
combined effects of demographic and clinical parameters 
on presence of POSA reporting odds ratios (ORs) and 95% 
confidence intervals (95% CIs), parameter p-values, model 
p-value and Pearson’s pseudo R2. Predictive patterns of the 
univariate and multivariate models were graphically repre-
sented in coefficients plots.

PSG parameters were compared between POSA and 
non-POSA (excluding non-OSA participants) using equal-
ity of medians test and Wilcoxon rank-sum equality of 
distributions test, reporting p-values for each. Oxygen 
saturation parameters were further graphically represented 
utilising kernel density graphs comparing POSA and non- 
POSA participants.

Treatment simulation was explored for participants with 
POSA, comparing post-treatment AHI and absolute AHI 
reduction between PT and CPAP therapy via equality of 
median tests and Wilcoxon rank-sum equality of distribu-
tions test. The proportions of the number of participants 
who would demonstrate reduction of one severity level (ie, 
severe (AHI≥30) to moderate (AHI 15–29.9)) and the pro-
portions of those who would demonstrate any reduction in 
severity level (ie, severe (AHI≥30) to moderate (AHI 
15–29.9), severe to mild (AHI 5–14.9) and severe to absent 
(AHI<5) summed) were tested between PT and CPAP ther-
apy using two-tailed proportions z-test. All analysis was 
conducted in STATA IC 15.1 (StataCorp Texas).

Ethical Approval
This study was approved by the Human Research Ethics 
Committee of the NT Department of Health/TEHS and 
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Menzies School of Health Research (HREC 2020–3671) 
and was conducted in accordance with the Declaration of 
Helsinki. Individual consent from the study participants 
was not obtained, as the study was retrospective in nature 
and no active positional therapy device or CPAP interven-
tions were investigated during this study. Investigators 
involved in this study are the usual specialist physicians 
for the patients included in this study and have access to 
patients’ medical records and sleep study reports as a part 
of their usual medical care. Hence, separate patients’ con-
sent to access their medical records or the sleep study 
reports was not required and was approved by local ethics 
committee.

Results
Clinical Characteristics of the Study 
Participants
A total of 1463 adult patients (≥18 years old) underwent a 
diagnostic sleep study with complete PSG recording at the 
DRSH centre between January 2018 and December 2019. 
Of these; 3% (n=39) sleep studies failed, 3% (n=42) had 
no positional data, 11% (n=161) recorded <30 minutes in 
supine position, 15% (n=212) recorded <30 minutes in 
other sleep positions, 2% (n=28) had <4 hours total sleep 
and 2% (n=35) had discrepancies in records between over-
all and positional sleep and were excluded from further 
analysis, resulting in complete records for 65% (n=946) of 
participants.

The majority of participants were male (62%, n=583), 
non-Indigenous Australian (92%, n=886) and lived in the 
urban Darwin region (90%, n=852) (Table 1). Participants 
tended to be middle-aged (48 years IQR 37, 58.7), over-
weight (BMI 31.37, IQR 27.67, 36.29) and almost half 
(44%, n=413) had at least one comorbidity (Heart disease, 
hypertension, diabetes or mental health issues). A total of 
86% (n=810) of participants were recorded to have OSA, 
of which 36% (n=291) were mild, 29% (n=233) moderate, 
and 35% (n=286) severe.

Positional Obstructive Sleep Apnea Data
POSA was calculated to be present in 61% (n=495) of the 
study cohort with OSA. The clinical characteristics of 
individuals with POSA compared to those with non- 
POSA differed significantly (Table 2). A significantly 
higher proportion of participants with POSA were male 
(68% vs 60%, p=0.013), non-Indigenous (93% vs 87%, 
p=0.004) and reported consuming alcohol (72% vs 62%, 

p=0.001). POSA participants had a lower prevalence of 
comorbidities, significantly reduced BMI (30.84 (27.46, 
35.11) vs 34.72 (30.31, 39.74), p<0.001) and had milder 
severity of OSA.

Logistic regression identified few predictive factors for 
POSA in our study cohort. In univariate models’ female 
sex, Indigenous status, presence of diabetes or hyperten-
sion and increased corpulence were all significantly and 
negatively correlated with POSA (Table 3). Alcohol con-
sumption was the single predictor significantly and posi-
tively associated with POSA (OR 1.59, 95% CI 1.18, 2.15, 

Table 1 Clinical and Demographic Characteristics of the Study 
Participants

Parameters Variables Participants 
(n=946)

Age Years 48 (37, 58.7)

Sex Male 583 (62%)

Ethnicity Indigenous Australian 60 (8%)

Location Urban Darwin region 852 (90%)

Comorbidities

Diabetes 83 (9%)
Hypertension 145 (15%)

Heart disease 75 (8%)

Mental health issues 234 (25%)

Lifestyle risk 

factors
Former smoker 338 (36%)

Current smoker 169 (18%)

Alcohol history 645 (69%)

Corpulence

BMI 31.37 (27.67, 36.29)
Underweight 14 (2%)

Normal weight 90 (10%)

Overweight 264 (29%)
Obese I 262 (29%)

Obese II 281 (31%)

Neck Circumference 
(cms)

40 (37, 43)

OSA
Overall total AHI 17.5 (8, 34.3)

OSA diagnosed 810 (86%)

Mild 291 (36%)
Moderate 233 (29%)

Severe 286 (35%)

Note: Data presented as median (IQR) and number (%). 
Abbreviations: AHI, Apnea-Hypopnea Index; BMI, body mass index; OSA, 
obstructive sleep apnea.
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p=0.003). The fit of the model was consistently minor 
however, with R2 ranging from 0.005 (female sex) to 
0.055 (BMI). On adjustment in the combined model only 
increasing BMI retained significance with obesity class II 
(BMI>35) significantly and negatively correlated with 
POSA (OR 0.29, 95% CI 0.13, 0.62, p=0.002) 
(Figure 1). Overall fit remained low, though the model 
reached significance (R2=0.066, p<0.001).

Significant differences were noted between participants 
with POSA and those without POSA in PSG parameters 
(Table 4). Participants with POSA spent significantly less 
time in non-rapid eye movement (NREM) stage-N2 sleep 
(p=0.047) and more in NREM-N3 (p<0.001). Though 
there was no significant difference in the median propor-
tion of time spent in REM sleep, there was a significant 
difference in the distribution between groups. Participants 

with POSA had reduced AHI’s in total and in each of rapid 
eye movement (REM) and non-rapid eye movement 
(NREM) sleep stages (p<0.001), and reduced total arousal 
indexes (p=0.031); however, they had heightened sponta-
neous arousals (p=0.001). Oxygen saturation was greater 
at each measured point for participants with POSA 
(p<0.001), and distribution plots show a significantly shor-
tened low end tail (Figure 2).

Treatment Simulation
Treatment was simulated and assessed only among 
patients who demonstrated to have POSA (Table 5). 
Significant differences were noted for the majority of 
parameters between PT and CPAP therapy. PT consistently 
resulted in significantly lesser reductions in AHI across 
each severity level (p<0.001); however, differences 

Table 2 Comparison of Clinical and Demographic Factors Between POSA and Non-POSA

Clinical Details Parameters POSA (n=495) Non-POSA (n=315) p-value

Age Years 49 (38, 59) 50 (39.6, 60) 0.313

Sex Male 335 (68%) 189 (60%) 0.013*

Ethnicity Indigenous Australian 26 (7%) 31 (13%) 0.004*

Location Urban Darwin region 448 (91%) 281 (89%) 0.274

Comorbidities
Diabetes 38 (8%) 41 (13%) 0.006*

Hypertension 62 (13%) 73 (23%) <0.001*

Heart disease 39 (8%) 31 (10%) 0.169
Mental health issues 122 (25%) 74 (24%) 0.363

Lifestyle risk factors
Former smoker 180 (37%) 117 (37%) 0.428

Current smoker 96 (19%) 63 (20%) 0.427

Consumes alcohol 355 (72%) 194 (62%) 0.001*

Corpulence

BMI 30.84 (27.46, 35.11) 34.72 (30.31, 39.74) <0.001*
Underweight 8 (2%) 1 (0%) 0.045*

Normal weight 44 (9%) 12 (4%) 0.003*

Overweight 150 (31%) 59 (20%) <0.001*
Obese I 152 (32%) 84 (28%) 0.141

Obese II 125 (26%) 143 (48%) <0.001*

Neck circumference (cms) 40 (37, 42.5) 41 (38, 45) 0.016*

OSA

Overall total AHI 17.6 (10.8, 30.7) 30.1 (14.5, 61.4) <0.001*
Mild 210 (42%) 81 (26%) <0.001*

Moderate 157 (32%) 76 (24%) 0.010*

Severe 128 (26%) 158 (50%) <0.001*

Notes: Data presented as median (IQR) and number (%). Parameters analysed by group via equality of medians test (continuous data) or proportions test (categorical data). 
*Denotes statistically significant (p<0.05) differences. 
Abbreviations: AHI, Apnea-Hypopnea Index; BMI, body mass index; OSA, obstructive sleep apnea; POSA, positional obstructive sleep apnea.
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compared to pre-treatment simulation were still signifi-
cant. Among participants with mild OSA severity and 
POSA, simulated PT resulted in almost half of participants 
fully recovering (44% vs 77% PT and CPAP, respectively, 
p<0.001). Among participants with either moderate or 
severe POSA, the vast majority (77% and 84%, respec-
tively) demonstrated reductions in OSA severity; however, 
this was significantly smaller than for CPAP simulation 
(100% and 98%, respectively, p<0.001). Overall, PT simu-
lation demonstrated clinical improvement for two-thirds 
(65%) of patients with POSA.

Discussion
Our study demonstrates that POSA is prevalent among 
Australian adult males and more so among non- 
Indigenous Australians. POSA was also noted to be asso-
ciated with alcohol consumption, among those with lowish 

BMI and with milder severity of OSA. Model simulation 
showed PT is beneficial not only among those with milder 
severity of OSA but also amongst patients with moderate 
to severe OSA.

Previous studies in the Australian setting, including 
studies from our centre, have shown that OSA is highly 
prevalent in this population.30–33 However, studies explor-
ing the prevalence of POSA and the impact on PT have 
been sparse in this regional and remote Australian popula-
tion, especially among the NT Australian cohort. Hence, 
we believe our study may be of value in understanding the 
demographic, clinical and PSG profile of POSA in this 
population. In this study, POSA was noted in 61%, in line 
with previous reports11–14 and was predominantly noted 
among males (62%) and in non-Indigenous Australians 
(92%). This translates to three in every five patients with 
OSA have POSA and thus may merit greater focus and 

Table 3 Logistic Regression Models Displaying Odds Ratios and Confidence Intervals for Clinical and Demographic Factors on 
Presence of POSA

Clinical Details Parameters Univariate Model Multivariate Model

OR (95% CI) p-value OR (95% CI) p-value

Age Years 0.99 (0.98, 1.00) 0.081 0.99 (0.98, 1.01) 0.473

Sex Male reference 0.72 (0.53, 0.96) 0.026* 0.84 (0.58, 1.23) 0.371

Ethnicity Non-Indigenous reference 0.48 (0.28, 0.84) 0.009* 0.67 (0.36, 1.23) 0.195

Location Remote reference 1.15 (0.72, 1.84) 0.548 1.56 (0.88, 2.75) 0.130

Comorbidities

Diabetes 0.56 (0.35, 0.89) 0.013* 0.56 (0.31, 1.03) 0.061
Hypertension 0.48 (0.33, 0.69) <0.001* 0.65 (0.4, 1.04) 0.072

Heart Disease 0.79 (0.48, 1.29) 0.338 0.9 (0.5, 1.64) 0.738

Depression 1.06 (0.76, 1.48) 0.727 1.23 (0.81, 1.85) 0.333

Lifestyle risk factors

Non-smoker reference Former smoker 0.96 (0.70, 1.31) 0.786 1.03 (0.69, 1.52) 0.889
Current smoker 0.95 (0.65, 1.39) 0.785 0.85 (0.53, 1.36) 0.496

Consumes alcohol 1.59 (1.18, 2.15) 0.003* 1.25 (0.85, 1.85) 0.252

Corpulence

Continuous BMI^ 0.92 (0.90, 0.94) <0.001* – –

Normal weight reference Overweight 0.64 (0.32, 1.25) 0.190 0.69 (0.31, 1.52) 0.356

Obese I 0.45 (0.23, 0.88) 0.019* 0.52 (0.24, 1.12) 0.095
Obese II 0.22 (0.11, 0.42) <0.001* 0.29 (0.13, 0.62) 0.002*

Neck circumference^ 0.93 (0.91, 0.97) <0.001* – –

OSA symptom severity

ESS 0.98 (0.96, 1.01) 0.199 0.99 (0.96, 1.02) 0.536

Notes: ^Continuous BMI and Neck circumference excluded from the multivariate regression due to improved fit of categorical factors and collinearity respectively. 
*Denotes statistically significant (p<0.05) differences. 
Abbreviations: POSA, positional obstructive sleep apnea; OR, odds ratio; CI, confidence interval; BMI, body mass Index; OSA, obstructive sleep apnea; ESS, Epworth 
Sleepiness Scale.
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interventions. Although the number of Indigenous 
Australians in the current study was relatively small, it 
was enough to note a significantly reduced prevalence of 
POSA in comparison to non-Indigenous Australians 
(though this effect was alleviated in multivariate regres-
sion analysis). Indigenous Australian patients generally 
have a higher severity of OSA32 and higher BMI, which 
may thus be the reason for lesser likelihood of POSA, and 
the reason for the amelioration of significance in multi-
variate analysis. There exists evidence in the literature for 
differences in POSA prevalence among differing 
ethnicities, most notably a potential increased prevalence 
among patients of Asian ethnicity compared to Caucasian, 
which may be related to differences in the craniofacial 
structure.11–16,29 Further evidence from direct correlation 
studies however is lacking.

In the current study, a significantly higher proportion of 
participants with POSA were male in comparison to those 
without POSA. The gender differences in the clinical 
manifestations OSA are documented in the literature, 
including body position that may influence the presence 
and severity of OSA.31,37–39 The reason for this difference 
is not clear, but probably a reflection of the differences in 
adipose tissue distribution between the two genders.40–42 It 
was beyond the scope of the current study to explore the 
underlying POSA gender difference in detail; however, 
future research may be warranted.

We also observed POSA was more prevalent among 
patients with self-reported alcohol consumption history. 
Alcohol consumption is known to increase the likelihood 
to OSA,43 but its relationship with POSA has been spar-
ingly explored. However, it may be reasonable to 

Figure 1 Univariate and multivariate logistic regression effects of clinical and demographic factors on odds of POSA outcome
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speculate that alcohol may suppress the arousal response 
to upper airway obstruction during sleep, hence, suppres-
sing the natural response to change in body position during 
an apnoeic episode, in turn facilitating higher episodes of 
POSA with alcohol consumption. Furthermore, alcohol 
may exert its action on upper airway dilator muscles and 
also alcohol may be associated with central adiposity with 
subsequently increasing diaphragm pressure and increas-
ing upper airway collapsibility.44

Our study, in line with the majority of previous literature 
reporting on prevalence of POSA and the severity of OSA, 
found the prevalence of POSA was higher in patients with 
milder OSA and reduced with increasing severity of the 
OSA.12–14,16,28,29,37,45 It is likely that as the disease severity 
progresses the positional variability of the obstructive 
events is lost, and events start being observed in all body 
positions.46,47 This may also be the reason that POSA is 
more commonly observed in patients with lower BMI, as 
BMI generally correlates with OSA severity.31,32,41,46,47 

Moreover, in our study, the PSG parameters showed 
POSA patients had higher NREM stage N2, N3 sleep and 
higher oxygen saturation, which could also be a reflection of 
this milder disease severity in this group.

Despite CPAP being established as a gold standard treat-
ment modality for moderate to severe OSA, adherence to 
CPAP has consistently been noted to be low.24,45,48–50 The 
simulation model in our study illustrates that PT may be 
beneficial in most patients with POSA, even among patients 
with moderate to severe OSA. The overall simulated PT 
impact in this group of patients, although lesser than that of 
CPAP, still resulted in two-thirds of patients demonstrating 
clinically significant improvement. Furthermore, simulated PT 
resulted in almost half (44%) of POSA patients reducing their 
AHI’s to <5, and thus no longer being classified as having any 
form of OSA. This highlights the potential role of PT in the 
management of OSA,51 especially in patients who are unwill-
ing to use, unable to adopt/adhere/tolerate/limited access or 
afford CPAP therapy. Nevertheless, in general, adherence to 
earlier forms of PT including using traditional tennis ball 
technique have been low as well.52,53 However, the long- 
term adherence to PT has improved in the recent past with 
the use of newer generation devices that appear to be much 
more comfortable and acceptable/applicable.54–60

Our study has shown that POSA is prevalent in this 
regional and remote Australian population studied and the 
simulated PT model demonstrates that PT may be 

Table 4 Comparison of PSG Parameters Between Participants with POSA and Non-POSA

PSG Results POSA Non-POSA p-valuea p-valueb

Sleep latency (mins) 16.5 (6, 33) 16.5 (6.5, 38.5) 0.994 0.606
REM latency (mins) 111 (77.5, 175.5) 117.75 (81, 182.5) 0.346 0.189

Wake after sleep onset (mins) 47.5 (25, 84) 47 (25, 87.5) 0.885 0.420

Sleep efficiency (%) 85.8 (75.8, 91.9) 84.4 (74.9, 91.1) 0.236 0.231
Total sleep time (mins) 406.5 (353.5, 449.5) 405 (355.5, 451) 0.707 0.794

NREM-N1 Sleep % 8.8 (5.2, 12.8) 8.6 (5.1, 13.5) 0.829 0.759

NREM-N2 Sleep % 58.9 (50.6, 66) 61.2 (52.8, 70.6) 0.047* 0.001*
NREM-N3 Sleep % 12.4 (5.4, 18.9) 8.4 (0.4, 16.4) <0.001* <0.001*

REM Sleep % 18.5 (14.2, 23.3) 17.8 (12.1, 22.1) 0.471 0.043*
Respiratory arousal index 7.8 (3.6, 13.9) 10.4 (3.6, 29.8) 0.013* <0.001*

Spontaneous arousal index 6.2 (4.2, 8.9) 5.1 (3.1, 7.7) 0.001* <0.001*

Total arousal index 17.7 (11.5, 24.8) 20.2 (11.1, 40.5) 0.031* <0.001*
Total AHI 17.6 (10.8, 30.7) 30.1 (14.5, 61.4) <0.001* <0.001*

NREM AHI 16.4 (8.8, 28.3) 26.4 (11.1, 61.1) <0.001* <0.001*

REM AHI 21.7 (10.9, 38.6) 41.55 (21, 64.9) <0.001* <0.001*
SpO2 Awake average 94 (93, 95) 94 (93, 95) 0.015* <0.001*

SpO2 NREM average 94 (92, 95) 93 (91, 94) <0.001* <0.001*

SpO2 REM average 94 (92, 95) 93 (89, 94) <0.001* <0.001*
SpO2 Total average 94 (93, 95) 93 (91, 94) <0.001* <0.001*

SpO2 Minimum 84 (79, 87) 80 (71, 85) <0.001* <0.001*

Notes: Data presented as median (IQR). p-valuea – p-value for equality of medians test. p-valueb – p-value for Wilcoxon rank-sum equality of distributions test. *Denotes 
statistically significant (p<0.05) differences. 
Abbreviations: POSA, positional sleep apnea; REM, rapid eye movement; NREM-N1, N2, N3, non-rapid eye movement sleep stage; NREM, non-rapid eye movement; AHI, 
Apnea-Hypopnea Index; SpO2, oxygen saturation.
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beneficial among not only in patients with milder OSA but 
also among those with moderate to severe OSA and PT 
could be a potential alternate modality in treating OSA, 
especially among patients who may have difficulty in the 
affordability/accessibility or intolerant to CPAP therapy. 
Further prospective research using novel PT devices is 
however warranted in this population.

Study Limitations
This is a retrospective study of 946 patients from a single 
centre observed on a single night; thus, the findings may 
not be generalized. Australian Indigenous patients (8%) 
may be under-represented in this study to judge the true 
impact of ethnic status on POSA determinants. The num-
ber of patients from rural and remote region represented in 
this study was less in comparison to patients living in 
urban area. This may also indicate that access to health- 

care service may be limited in patients living in remote 
communities. Females constituted 38% of our patients and 
this may have some impact on the assessment of gender on 
POSA as well. We have used one of the common 
Cartwright criteria of POSA and the results may vary if 
other criteria were used. In our simulation protocol we 
assumed that by using PT, supine sleep time is reduced 
to 40%, although the recent PT studies have reported 
almost 84% reduction in supine sleep.49 Our study 
assumed 60% compliance to CPAP which may vary in 
different clinical scenarios impacting the results. Despite 
these limitations, the study illustrates that POSA is extre-
mely common and PT can benefit some of these patients.

Conclusion
Our study highlights, POSA is highly prevalent in the 
adult Australian population in this region. Positional 

Figure 2 Kernel density plots of oxygen saturation for POSA and non-POSA participants.  
Notes: Average values for SpO, awake (top left), SpO, NREM (top right), SpO, REM (mid left), SpO, total (mid right), SpO, minimum (bottom left).  
Abbreviations: NREM, non-rapid eye movement; POSA, positional sleep apnea; REM, rapid eye movement.
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therapies may provide a viable alternative to number of 
OSA patients. This may potentially change our treatment 
paradigm for OSA and may provide a significant advan-
tage in health-care cost.

Abbreviations
AHI, Apnea-Hypopnea Index; ASA, Australian Sleep 
Association; ATSI, Aboriginal and/or Torres Strait 
Islander; BMI, body mass index; CI, confidence interval; 
CPAP, continuous positive airway therapy; DPH, Darwin 
Private Hospital; DRSH, Darwin Respiratory and Sleep 
Health; ESS, Epworth Sleepiness Scale; HREC, Human 
Research Ethics Committee; IQRs, interquartile ranges; 
NATA, National Association of Testing Authorities; NT, 
Northern Territory; ORs, odds ratios; OSA, obstructive 
sleep apnea; POSA, positional sleep apnea; PPs, positional 
patients; PSG, polysomnography; PT, positional therapy; 
RA, Regional Australia; RDH, Royal Darwin Hospital; 
REM, rapid eye movement; NREM, non rapid eye move-
ment; TEHS, Top End Health Service.

Summary
Sleep apnea is a global epidemic that is being increasingly 
recognised around the world, including among various 
socioeconomic groups and people living in remote and 
regional areas of Australia. Currently, the major treatment 
modality for sleep apnea has been the use of continuous 
positive airway therapy device and the applicability/mon-
itoring of which poses many logistic challenges to those 
who have lesser access to health-care services. A pheno-
typic variant of sleep apnea is “positional sleep apnea”, 
where the apneas are predominantly noted during certain 
body positions. Altering the body position during sleep 
may help in alleviating the apnoeic episodes. However, 
there is sparse evidence in the literature regarding the 
prevalence or the effects of positional therapy in the regio-
nal and remote Australian population. Our study has 
demonstrated that positional sleep apnea is highly preva-
lent in the regional and remote adult Australian population 
and more commonly noted among males, younger adults, 
individuals who consume alcohol and in those with a 

Table 5 Effects of Treatment Simulation for Participants with POSA Using Either PT or CPAP by Severity of OSA

OSA Severity Positional Therapy CPAP p-valuea p-valueb

Mild (n=210)
Post-simulation AHI 5.28 (4.01, 6.7) 3.98 (2.92, 4.8) <0.001* <0.001*

AHI Difference 4.3 (2.8, 6.01) 5.97 (4.38, 7.2) 0.001* <0.001*

Mild to Nil OSA 92 (44%) 162 (77%) <0.001* –
Any reduction in level 92 (44%) 162 (77%) <0.001* –

Moderate (n=157)
Post-simulation AHI 10.86 (9.24, 13.71) 8.68 (7.12, 10.24) <0.001* <0.001*

AHI Difference 9.93 (7.68, 12.74) 13.02 (10.68, 15.36) <0.001* <0.001*
Mod. To nil OSA 0 (0%) 0 (0%) – –

Mod. To Mild OSA 132 (84%) 157 (100%) <0.001* –

Any reduction in level 132 (84%) 157 (100%) <0.001* –

Severe (n=128)
Post-simulation AHI 22.57 (18.46, 29.33) 15.8 (13.72, 19.46) <0.001* <0.001*
AHI Difference 18.67 (14.01, 23.08) 23.7 (20.58, 29.19) <0.001* <0.001*

Severe to Nil OSA 0 (0%) 0 (0%) – –

Severe to Mild OSA 14 (11%) 51 (40%) <0.001* –
Severe to Mod. OSA 85 (66%) 74 (58%) 0.156 –

Any reduction in level 99 (77%) 125 (98%) <0.001* –

Total POSA (n=495)
Post-simulation AHI 9.42 (5.65, 16.61) 7.04 (4.32, 12.28) 0.001* <0.001*

AHI Difference 7.78 (4.54, 13.48) 10.56 (6.48, 18.42) <0.001* <0.001*
Any reduction in level 323 (65%) 444 (90%) <0.001* –

Notes: Data presented as median (IQR) and number (%). –valuea – p-value for equality of medians test. p-valueb – p-value for Wilcoxon rank-sum equality of distributions 
test. *Denotes statistically significant (p<0.05) differences. PT simulation assumed 60% efficiency, thereby reducing time slept in supine position and reducing supine AHI by 
40%: CPAP simulation assumed 60% efficiency, thereby reducing total AHI by 40%. 
Abbreviations: AHI, Apnea-Hypopnea Index; CPAP, continuous positive airway pressure; OSA, obstructive sleep apnea; POSA, positional obstructive sleep apnea; PT, 
positional therapy.
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lower body mass index and patients who display lesser 
overall severity of sleep apnea. Moreover, the model simu-
lation of positional treatment effect in our study shows that 
positional treatment may be a promising alternate effective 
therapeutic modality that could help in the treatment para-
digm for sleep apnea among vulnerable and underprivi-
leged populations around the world.
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