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for Adults (English PWI-A, 4th edition) [29] to measure
participants’ physical and mental health and their subjective
wellbeing, respectively. Presence/absence of non-respiratory
co-morbidities (eczema, diabetes, high cholesterol, high
blood pressure, heart attack, heart failure, angina, stroke,
depression, post-traumatic stress disorder, other anxiety
disorders, schizophrenia, and cancer) was ascertained in
the same manner as for sleep apnoea using the same ques-
tion. As this paper is exploratory in nature, we included all
reported cardiovascular, metabolic, respiratory, and hyper-
sensitivity disorders as well as cancer in the analysis of cor-
relates. We used self-reported height and weight to derive
body-mass index (BMI). Level of physical activity was
assessed using the Active Australia survey [30] and sitting
time by questions on time spent sitting on work and non-
work days [31].

Statistical methods
Stata SE 13.1 (Stata Corp LP, College Station, TX, USA)
was used for data analysis. When estimating prevalence,
we accounted for the multi-stage sampling, stratification
and selection probabilities (including varying response
fractions by primary sampling unit) by using Stata’s
“survey” commands and sampling weights [32]. For asso-
ciations between sleep apnoea and other characteristics,
no account was taken of the clustering, stratification and
sampling weights [32]. We compared the distribution of
other variables among those with and without sleep
apnoea using bivariate statistics (χ2 test and t-test). We
used logistic regression to estimate crude odds ratios to
measure associations between possible correlates and
sleep apnoea, and odds ratios adjusted for the possible
confounding effects of age, country of birth, and BMI.
Because the prevalence of sleep apnoea was less than
10 %, the prevalence odds ratios are reasonably accurate
estimates of prevalence ratios.

Results
Prevalence of sleep apnoea and overlap with other
chronic respiratory disorders
Of the 13,423 respondents, 710 reported as being diag-
nosed to have sleep apnoea by a doctor or another health
professional. The prevalence of sleep apnoea increased
with age from 2.0 % (95 % CI 1.4 %-2.9 %) in those aged



Insufficient physical activity and sitting time significantly
increased the odds of doctor-/health professional- diag-
nosed sleep apnoea (Table 4). Each one hour increase in
sitting time per day was associated with an increased odds
of 1.04 for sleep apnoea (95 % CI 1.02, 1.07; p < 0.001).
This odds remained significantly increased after adjusting
for age, country of birth and BMI (OR 1.03; 95 % CI 1.005,
1.06; p = 0.023). When the average sitting time was dichot-
omised as less than 6 h vs. 6 h or more [33], the odds of
sleep apnoea for those with more sitting time increased by



2.0 % to 7.8 %. Men with sleep apnoea had poorer
mental, physical, and self-rated health as well as low
subjective wellbeing and difficulty in concentration or
remembering. Presence of thirteen of the fifteen co-
morbidities examined were significantly increased with
sleep apnoea, as were insufficient physical activity, sitting
time, smoking, and high alcohol consumption.
Our study has several limitations. While it was de-



from the use of aforementioned definition for sleep ap-
noea and other diseases. If this lower prevalence does re-
flect under-diagnosis, it could indicate an increase in
future burden of the disease as sleep apnoea concurrent
with asthma or COPD leads to higher morbidity and
mortality [41, 46] and underdiagnosed diseases usually
present later with more complications.
Our results confirm the previously reported positive

associations between obstructive sleep apnoea and

ageing [14, 37, 47–49] and BMI [8, 50–52]. However,
our results on the positive association between sleep ap-
noea and heart failure are in contrast to the recent find-
ings from the Atherosclerosis Risk in the Communities
Study and the Sleep Heart Health Study [52] as well as
the Osteoporotic Fractures in Men Study [53], which
showed no association between obstructive sleep apnoea/
sleep-disordered breathing and heart failure. Those studies
were on older men, and therefore, are not comparable

Table 2 Associations between socio-demographic characteristics and sleep apnoea

Characteristic Lifetime doctor- or other health
professional- diagnosed sleep apnoea

Odds ratio (95 % CI) p Adjusteda

Odds ratio
(95 % CI)

p

Sleep apnoea Total

N (%b)

Age

18–25 years 48 (2.2 %) 2219 (100.0 %) 1.0 1.0

26–35 years 112 (3.6 %) 3158 (100.0 %) 1.7 (1.2, 2.3) 0.004 1.6 (1.1, 2.4) 0.016

36–45 years 246 (6.0 %) 4095 (100.0 %) 2.9 (2.1, 4.0) <0.001 2.4 (1.6, 3.4) <0.001

46–55 years 304 (7.7 %) 3951 (100.0 %) 3.8 (2.8, 5.1) <0.001 3.1 (2.1, 4.4) <0.001

Country of birth

Australia 584 (5.7 %) 10258 (100.0 %) 1.0 1.0

New Zealand, Polynesia, Micronesia, or Melanesia 23 (4.6 %) 503 (100.0 %) 0.7 (0.5, 1.2) 0.289 0.7 (0.5, 1.2) 0.193

Central, East, South or South-East Asia 35 (3.0 %) 1175 (100.0 %) 0.5 (0.4, 0.7) <0.001 0.7 (0.5, 1.1) 0.098

Middle-East (West Asia) or Africa 14 (3.6 %) 387 (100.0 %) 0.6 (0.4, 1.1) 0.085 0.8 (0.4, 1.3) 0.356

Europe or North America 54 (5.3 %) 1025 (100.0 %) 0.9 (0.7, 1.2) 0.575 0.8 (0.6, 1.2) 0.315

South America, Central America or Caribbean 0 (0.0 %) 64 (100.0 %) -

Marital status

Never married 121 (3.4 %) 3508 (100.0 %) 1.0 1.0

Widowed/divorced/separated 63 (7.3 %) 865 (100.0 %) 2.2 (1.6, 3.0) <0.001 1.2 (0.8, 1.8) 0.297

Married/de facto relationship 522 (5.8 %) 8950 (100.0 %) 1.7 (1.4, 2.1) <0.001 1.2 (0.9, 1.5) 0.278

Highest Educational Level

Completed secondary school or less 176 (5.4 %) 3279 (100.0 %) 1.0 1.0

Tertiary certificate, diploma, trade qualifications or
other similar qualifications

341 (5.7 %) 6020 (100.0 %) 1.0 (0.9, 1.3) 0.550 0.9 (0.8, 1.2) 0.513

Graduate or post-graduate 149 (4.5 %) 3299 (100.0 %) 0.8 (0.7, 1.0) 0.112 1.0 (0.8, 1.3) 0.906

Employment Status



with the younger age distribution in our sample. Other lit-
erature, however, suggests that obstructive sleep apnoea is
a risk factor for heart failure [54–56] concurring with our
findings. It is also possible that some of the reported doc-
tor-/health professional- diagnosed sleep apnoea in our
study is central sleep apnoea (rather than obstructive
sleep apnoea), which is known to be a consequence of



much larger studies [85]. Overall, the evidence favours a
positive association, and our findings confirm this. Similar
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