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Study Objectives: Population surveys suggest the prevalence of obstructive sleep apnea (OSA) is high and increasing and that risk factors and outcomes differ
between sexes. To explore these relationships we assessed current OSA prevalence, potential risk factors and comorbidities, and their changes relative to previous
estimates in the same community.
Methods:All adults on the Busselton, Australia, electoral roll born 1946–1964 were invited to participate in a general health survey. Of the 5,037 (62% response rate)
respondents, 3,686 successfully completed overnight 2-channel (oximetry, airflow) sleep studies. Thesewere scoredand categorizedas nil,mild,moderate, or severe
OSAbasedonapnea-hypopnea index (<5,≥5 to<15,≥15 to<30,and≥30events/h, respectively). Sleepscoreswere related toparticipant characteristics andhealth
profiles. OSA prevalence was compared with previous surveys in the community.
Results:Prevalences of any andmoderate-severeOSAwere 57.7% and 20.2% inmales and 41.7% and 10.0% in females. Matched for age group, the prevalence of
moderate-severe OSAwas similar to that in 2007 (males 24.6%, females 9.8%) andwas higher than in 1995 (males 4.7%). OSAwas associated with age, bodymass
index,andalcohol intake inmalesandageandbodymass index in females.ConditionsassociatedwithOSA includedhypertensionandcurrentdepression inmalesand
hypertension, skin cancer, and diabetes in females.
Conclusions:PrevalenceofOSA inamiddle-aged,predominantlyWhite population in2010–2015washigh, has increasedsince1995,andhas remainedstable since
2007. Sex differences exist in associated features, including potential risk factors and comorbidities.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Estimates of prevalence of OSA in the general population range between 2% and 50% of men and 2% and 23% of
women,dependingonsamplingandmethodsofmeasurement.Theaimof thisstudywas toestimate theprevalenceandassociationsofOSAina representative
sample of middle-aged men and women from the Busselton, Australia, population and compare the results with those from previous studies in the same
community.
Study Impact:Successivesurveysofmiddle-agedpopulationsdemonstrate that theprevalenceofOSAhas increased in the last25yearsand isnowveryhigh,
in both males and females. The potential risk factors and comorbidities associated with OSA differ between males and females.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common chronic condition,
with estimates of prevalence in the general population ranging
between2%and50%ofmen and 2%and23%ofwomendepend-
ing on sampling and methods of measurement.1–10 OSA is asso-
ciated with significant morbidity, comorbidity,2,11–16 and
mortality.17–19 Risk factors for OSA include male sex, increased
body weight, cigarette smoking, increased alcohol intake, and
increased neck circumference.20 OSA is associated with
increasedriskofanumberofadversemedicaloutcomes including
hypertension,11 cardiovasculardisease,14 atrial fibrillation,21 and
adverse social outcomes including disrupted sleep (patients and
sleeping partners) and excessive daytime somnolence with

increased risk of injury and motor vehicle accident, loss of pro-
ductivity, and behavioral change.22 Racial factors may also
play a role in its prevalence,6,8,21 and there is increasing evidence
that risk factors for and outcomes ofOSAmaydiffer inmales and
females.9

Many of the prevalence studies were undertakenmore than 15
years ago. A recent study has suggested a marked increase in the
prevalence of OSA in the general population.9 This was partly
attributed tomoresensitivemeasurements.Relativelyfewstudies
have examined changes in OSA prevalence over time within the
same community. Such studies suggest that the prevalence of
OSA is increasing, perhaps due to the “obesity epidemic.”23

Busselton is asmall coastal cityofabout36,000 residents in the
southwest of Western Australia. The prevalence of OSA in
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Busseltonhasbeenestimatedon2previousoccasions. In theearly
1990s, using a MESAM IV (Madaus Medizin-Elektronik, Frei-
burg, Germany) device on a random sample of 294 middle-
aged men, Bearpark and colleagues2 found that 10% of men
had a respiratory disturbance index greater or equal to 10
events/h. In 2005–2007, using an ApneaLink device (ResMed,
San Diego, CA) on a random sample of 793 middle-aged partic-
ipants, Simpson and colleagues24 found a prevalence of
moderate-severe OSA of 12.4% in men and 5.7% in women.

Thesedataprovideabasis forestimatingchanges inOSAprev-
alence and associated features, including risk factors and comor-
bidities, in successive middle-aged populations drawn from the
same community. The aimof this studywas tomake this compar-
ison,bystudyinga representativesampleofmiddle-agedmenand
women from the Busselton population and comparing the results
with those from previous studies of this community.

METHODS

Study population and participants
A community-based cross-sectional survey of adults born
between1946and1964and resident inBusseltonwasundertaken
fromMay 2010 to December 2015. The details of the study pro-
tocol and methods are described.25 All eligible (8,206 alive and
mobile) of 9,176 adults registered on the compulsory national
electoral roll were invited to attend the survey. Contact was
madewith6,783of thoseeligible,and76%of thosecontactedpar-
ticipated, so that the participation rate among all eligible adults
was62%.Thestudyreceivedethicsapproval fromTheUniversity
of Western Australia Human Research Ethics Committee (No.
RA/4/1/2203) and written, informed consent was obtained from
each participant. There were 5,107 participants and data were
available for analysis in 5,037.

Data collection
All participants completed a comprehensive questionnaire that
included socioeconomic information, self-reported past medical
history, self-reported OSA and its treatment, sleepiness while
driving, OSA risk assessed by the Berlin sleep questionnaire,26

daytime sleepiness assessed by the Epworth Sleepiness Scale
(ESS),27currentdepression(definedasuseofantidepressantmed-
ication and/or as indicated by “ConsiderMajorDepressiveDisor-
der” criteria on the Patient Health Questionnaire-9, PHQ9)28

medications, cigarette andalcohol intake, diet, andphysical activ-
ity.Of these, 5,100attendeda4-hourhealth assessment visit at the
study center in Busselton that included measurement of height,
weight, blood pressure, and spirometry, and a blood sample was
taken for estimation of serum blood sugar and cholesterol. At
the visit, participants were given the opportunity of overnight
monitoring of breathing during sleep. Those who agreed (n =
3,745) were provided with a monitoring device and instructed in
its correct use that evening or a following evening, and they
returned it to the testing center the next day. Acceptable data
were available for analysis from 2,686 participants (including
86 with a previous diagnosis of OSA). Of the 1,355 participants

who did not have a sleep study, 189 had a previous diagnosis of
OSA. Other reasons for nonparticipation were not recorded.

Analysis of sleep studies
Overnight sleep studies were conducted using a dual-channel
(nasal flow and oximetry) ApneaLink device (firmware version
04.08, software version 8.00). This device measures nasal flow
(using a nasal cannula/pressure transducer system, recording
the inverse square root of pressure as an index of flow [sample
rate100Hz]) andpulseoximetry (NoninXPod3012with aNonin
7000A finger probe [sample rate 1Hz]; Nonin, Hudiksvall, Swe-
den). The sleep study was judged acceptable if it was≥ 4 h dura-
tion, and both flow and oxygen saturation datawere present for≥
90% of the recording time. Sleep data were analyzed using the
automated ApneaLink software. Respiratory events were scored
according to default criteria for this device (version 8). An apnea
was defined as a decrease in airflow by 80%of baseline (duration
10–80 seconds).Ahypopneawas defined as a decrease in airflow
≥30%ofbaselineplus4%desaturationora reductionofairflow≥

50% of duration 10–100 seconds. The definition for apnea-
hypopnea index (AHI)was the number of apneas plus hypopneas
per hour of estimated sleep with acceptable signal quality.

OSA severity was defined as mild, moderate, or severe using
AHIcutoffsof5,15,and30events/h,respectively.OSAsyndrome
was defined based on AHI plus excessive daytime sleepiness,
definedasanEpworthSleepinessScalescoreof>10.9Fivediffer-
ent categorieswere defined for the purpose of analysis as follows:
(1)anyOSA(AHI>5events/h), (2)moderate-severeOSA(AHI≥
15 events/h), (3) severe OSA (AHI ≥ 30 events/h, (4) any OSA
syndrome (AHI ≥ 5 events/h and ESS > 10), and (5) moderate-
severe OSA syndrome (AHI ≥ 15 events/h and ESS > 10).

Statistical methods
StatisticalanalyseswereperformedusingSAS9.4or theRenviron-
ment for statistical computing.29 Summary statistics included
counts and percentages for categorical variables and means and
standard deviations for continuous variables. As only 2,686 partic-
ipants provided ApneaLink data from which an AHI could be
obtained, this information was missing for 47% of individuals.
Toestimate theprevalenceofAHIin theBusseltonHealthyAgeing
Study (BHAS)andtoaccount for thismissinginformation,weused
multipleimputation,specificallytheMICEmethod(multiple impu-
tation by chained equations) basedon all other variables in the data.
Wesimulated40datasetsof imputeddata,andanoverallestimateof
prevalencewascalculatedbasedonthese imputeddatasets andsep-
arately for4differentcategoriesofOSAorOSAsyndrome.All fur-
ther analyses were performed on a complete-case basis.

Theprevalenceofmoderate-severe sleep apneawas compared
between the present study and surveys published in 19952 and
2013.24 The age range of participants was similar in the present
study and the 1995 survey; however, all adults were included in
the 2013 survey. Therefore, the prevalence of moderate-severe
sleep apnea in the 2013 survey was recalculated, confined to
males and females in the same age range as the present study.

Univariate and multivariate logistic regressions were
conducted to investigate the correlates of OSA and OSA syn-
drome. Potential correlates included age, body mass index,

J Cunningham, M Hunter, C Budgeon, et al. Prevalence and comorbidities of OSA in middle age

Journal of Clinical Sleep Medicine, Vol. 17, No. 10 2030 October 1, 2021

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
K

ir
st

en
 T

ay
lo

r 
on

 M
ar

ch
 1

0,
 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 



number of glasses of alcohol per week, ESS (when the outcome
was based on AHI alone), education, occupation, marital status,
smoking status, high-risk classification based on theBerlin ques-
tionnaire, sleepy driving, and whether the participant underwent
spirometry. The estimated odds ratios (ORs), 95% confidence
intervals (CIs), and P values are provided for all explanatory
variables.

Univariate andmultivariate logistic regressionswerealsoused
to assess the relationships betweenOSA andOSA syndrome and
themedical history outcomes. The estimated odds ratiowith 95%
confidence interval was reported for each OSA criterion in rela-
tion to each of the medical history outcomes after 4 levels of
adjustmentforpotentialconfounders.ModelA:adjustedfordem-
ographics (age, education, occupation, andmarital status);model
B:modelA further adjusted for lifestyle factors (bodymass index
[BMI], number of glasses of alcohol per week, and smoking sta-
tus); model C:model B further adjusted for sleep variables (ESS,
Berlin high risk, and sleepy driving); model D: model C further
adjusted for the lung function assessed by the forced expiratory
volume in 1 second (FEV1), as a percentage of the predicted
value.30 Since the additional variables in models C and D did
not change the overall relationships between OSA and medical
history outcomes, results for model B are shown. All analyses
were conducted separately for males and females.

RESULTS

Thebaselinecharacteristicsof thecohort areshowninTable1.Of
the 5,037 participants, 45.1% were males and 54.9% were
females, aged 58.1 ± 5.9 years (mean ± standard deviation) and
57.9 ± 5.7 years, respectively. In males, sleep study data were
available in 52.4% and mean AHI was 9.1 ± 10.3 events/h. In
females, sleep study data were available in 54.0% and mean
AHI was 6.0 ± 7.8 events/h (P < .0001 compared with males).
Inaddition,moremaleshadsevereOSA.Males exhibited slightly
higherBMI andFEV1, higher reported alcohol consumption, and
were more often currently smoking, were in paid employment,
reported OSA, and experiencing (or were taking medications
for) diabetes or hypertension. There were no significant differ-
ences between males and females in age or level of education
attained.

Comparison of participants from theBHASwho did or did not
haveasleepstudy(TableS1 in thesupplementalmaterial)showed
that males who did not have a sleep study weighed more, drank
more alcohol, more often smoked, or more often reported OSA.
Females who did not have a sleep study weighed less, reported
less daytime sleepiness, and more often reported OSA.

Prevalence of OSA
Amongthosewhocompleted thesleepstudy(n=2,686), theprev-
alence of OSA formales and females were: anyOSA, 57.5% and
40.7%; moderate-severe OSA, 20.2% and 10.0%; and severe
OSA, 5.1% and 2.0%, respectively. The prevalence of OSA syn-
drome formales and females was: anyOSA syndrome, 8.3% and
4.8%; and moderate-severe OSA syndrome, 3.6% and 1.3%,
respectively (Table 2). Using multiple imputation to estimate

AHIvalues for those individualswhodidnothaveanysleep study
data, the prevalence of OSA was re-estimated for all individuals
(n=5,037,TableS2). The imputeddata estimated slightly higher
mean AHI values in males (prevalence of moderate-severe OSA
increased from 20.2% to 21.9%) and slightly lower values in
females (prevalence of moderate-severe OSA decreased from
10.0% to 9.7%).

Changes in prevalence of OSA in the
Busselton population
Comparedwithparticipants fromthesameagegroup in the2other
studies in theBusselton population, the prevalence of “any” sleep
apnea (respiratorydisturbance index>5events/h in1995orAHI>
5 events/h in 2010) for males increased from 26% in 1995 to 58%
in the 2010–2015 sample. The prevalence of moderate-severe
OSA increased in males from 4.7% in 19952 to 24.6% in 200724

and was 20.2% in the present study (Table 3). In females, there
were no data from 1995; however, the prevalence of moderate-
severe OSAwas 9.8% in 2007 and 10.0% in the present study.

Associations with OSA
The associations with moderate-severe OSA are shown inTable
4. In males, moderate-severe OSA was significantly associated
with increased age, BMI, number of glasses of alcohol per
week, ESS, and high risk of OSA based on the Berlin question-
naire. In females,moderate-severeOSAwassignificantly associ-
ated with increased age, BMI, a high risk based on the Berlin
questionnaire,andreducedtertiaryeducationbutnotwithnumber
ofglasses of alcohol perweekorESS.The factors associatedwith
severe OSA were similar (Table S3), although in males severe
OSA did not correlate with age or ESS and in females severe
OSAwas only correlatedwith high risk ofOSAbased on theBer-
lin questionnaire.

The associations with anyOSA syndrome are shown inTable
5. In males, any OSA syndrome correlated positively with high
risk ofOSAbased on theBerlin questionnaire and sleepydriving,
and negatively with tertiary education and reporting having quit
smoking or never smoking. In females, any OSA syndrome cor-
related positively with increased age and BMI, a high risk of
OSAbasedontheBerlinquestionnaire, and thosewhoexperience
sleepy driving. Femaleswhowere retired comparedwith those in
paid employment had decreased odds of any OSA syndrome.
Moderate-severe OSA syndrome correlated with increased
BMI and high risk of OSA based on the Berlin questionnaire in
both males and females (Table S4).

The relationships between associated features and severity of
OSA are summarized in Table 6. For both males and females
the severity of OSA increasedwith increasing BMI. The severity
of OSAwas directly related to alcohol consumption (glasses per
week) in males but inversely related to alcohol consumption in
females. Daytime sleepiness increased with increasing severity
of OSA in males but not in females.

Associations of OSA with medical history outcomes
Adjusting only for participant demographics, males with
moderate-severe OSA had an increased odds of hypertension
(OR= 1.81; 95%CI, 1.35–2.45;P< .001) and current depression
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(OR = 1.75; 95% CI, 1.20–2.55; P = .004) (Table 7). When cor-
rected for participant demographics and lifestyle factors, males
with moderate-severe OSA had an increased odds of current
depression (OR = 1.70; 95%CI, 1.15–2.40;P≤ .007). Adjusting
only forparticipantdemographics, femaleswithmoderate-severe

OSA had an increased odds of skin cancer (OR = 1.80; 95% CI,
1.07–3.04; P = .027), hypertension (OR = 1.49; 95% CI,
1.04–2.12; P = .030), and diabetes (OR = 1.98; 95%
CI, 1.05–3.73; P = .035). When corrected for participant demo-
graphics and lifestyle factors, females with moderate-severe

Table 1—Participant characteristics of the Busselton Healthy Ageing Study baseline (n = 5,037).

Characteristic Male (n = 2,271, 45.1%) Female (n = 2,766, 54.9%) P

Age, y 58.1 ± 5.9 57.9 ± 5.7 .2306

Body mass index, kg/m2 28.5 ± 4.1 27.9 ± 5.5 < .0001

Number of glasses of alcohol per week 17.0 ± 15.9 7.0 ± 8.46 < .0001

Epworth Sleepiness Scale 6.0 ± 3.8 5.3 ± 3.7 < .0001

Education

Secondary school or less 1,175 (51.7) 1,361 (49.2) .1979

Other educational institution (eg, TAFE, college) 671 (29.5) 855 (30.9)

University 425 (18.7) 550 (19.9)

Occupation

In paid employment or self-employed 1,647 (72.5) 1,608 (58.1) < .0001

Retired 450 (19.8) 709 (25.6)

Other 174 (7.7) 449 (16.2)

Marital status

Single/widowed/divorced/separated 292 (12.9) 570 (20.6) < .0001

Married/de facto 1,979 (87.1) 2,196 (79.4)

Smoking status

Never 966 (42.5) 1,405 (50.8) < .0001

Former 1,042 (45.9) 1,122 (40.6)

Current 263 (11.6) 239 (8.6)

Self-reported OSA 194 (8.5) 79 (2.9) < .0001

Completed spirometry 1,829 (80.5) 2,406 (87) < .0001

FEV1 percent predicted 95.2 ± 15.1 94.1 ± 14.9 .0202

Completed ApneaLink study 1,191 (52.4) 1,495 (54.0) .2558

AHI, events/h* 9.1 ± 10.3 6.0 ± 7.8 < .0001

Epworth Sleepiness Scale > 10 154 (12.9) 160 (10.7) .0004

Berlin questionnaire “high risk” 831 (36.6) 705 (25.5) < .0001

Sleepy driving 372 (16.4) 240 (8.7) < .0001

Cancer (any) 322 (14.2) 410 (14.8) .5187

Cancer (skin) 208 (9.2) 206 (7.4) .0278

Cancer (nonskin) 121 (5.3) 222 (8.0) .0002

Heart disease 139 (6.1) 53 (1.9) < .0001

Stroke 62 (2.7) 44 (1.6) .0051

Diabetes 163 (7.2) 133 (4.8) .0004

Hypertension 1,035 (45.6) 1,056 (38.2) < .0001

COPD (reported) 142 (6.3) 147 (5.3) .1542

Current depression 353 (15.5) 619 (22.4) < .0001

Asthma 298 (13.1) 516 (18.7) < .0001

Tableshowsmean±SDorcount (percent). *Only2,686 individuals (1,191malesand1,495 females)hadasleepstudywithacceptabledata.AHI=apnea-hypopnea
index, COPD = chronic obstructive pulmonary disease—reported, ESS = Epworth Sleepiness Scale, FEV1 = forced expiratory volume in 1 second, OSA =
obstructive sleep apnea, SD = standard deviation, TAFE = technical and further education.
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OSAhadadecreasedoddsof current depression (OR=0.59; 95%
CI, 0.38–0.93;P= .024) and increased odds of skin cancer (OR=
1.80; 95% CI, 1.05–3.08; P = .033).

DISCUSSION

This study of males and females born between 1946 and 1964
from a predominantly White population has shown that OSA is
a substantial public health problem, the prevalence of which
appears to be increasing relative to previous estimates drawn
from the same community. The prevalence of any OSA (AHI ≥
5 events/h) in the present study was very high in both males and
females, and in males moderate-severe OSA had increased 4- to
5-fold over a 20-year period. Moderate-severe OSA has also
increasedin femalescomparedwithpreviousstudies inotherpop-
ulations. This study found no significant increase in the preva-
lence of OSA since 2007. Features associated with OSA remain
age and body weight in both men and women and alcohol con-
sumption inmen.OSAwasassociatedwithdepression (increased
odds) inmalesandskincancer anddepression (decreasedodds) in
females. Symptomatic OSA was common and associated with
increased sleepiness when driving.

This study was undertaken over a 5-year period, commencing
in2010, inmalesandfemalesbornbetween1946and1964,so that
participants were between 46 and 69 years of age at the time of
study. The aim of the Busselton Healthy Ageing Study was to

estimate theprevalenceofmultimorbidity and its effects onphys-
ical and cognitive function in a middle-aged general population.
The response rate from all potentially eligible participants (all
those on the electoral roll—voting is compulsory in Australia)
was high at 62%. The study population is predominantly White
with no Aboriginal participants and few Asian participants (<
1%). The estimation of the prevalence of OSA and OSA syn-
drome was similar in participants of the BHAS who did or did
not (imputed prevalence) undertake the home sleep study.

The estimation of the prevalence of OSA and OSA syndrome
in thepresent studywasmadeusingdata fromalevel4monitoring
system, a 1- or 2-channel device (ApneaLink, ResMed). There-
foredifferences inaccuracy,scoringmechanismsandalgorithms,
and in scoring criteria, compared with previous studies in this
population and compared with in-laboratory polysomnography,
are to be expected. TheApneaLink device has been shown to cor-
relate well with in-laboratory polysomnography (level 1) for
patients with moderate (AHI > 15–30 events/h) to severe (AHI
> 30 events/h)OSA31 and has good specificity but reduced sensi-
tivity for mild OSA (AHI > 5–15 events/h), especially in nonob-
ese individuals. The accuracy of manual scoring was not
significantly different from automated scoring.32 Therefore, use
of this device would tend to underestimate, rather than overesti-
mate the prevalence of OSA, particularly mild OSA, in the com-
munity. It is possible that the increased prevalence of OSA
observed in men in the Busselton population between 1995 and
2013 was due to reduced sensitivity of the MESAM device in

Table 2—Prevalence of OSA and OSA syndrome*.

Male (n = 1,191) Female (n = 1,495)

AHI ≥ 5 events/h 687 (57.7%) 608 (40.7%)

AHI ≥ 15 events/h 241 (20.2%) 149 (10.0%)

AHI ≥ 30 events/h 61 (5.1%) 30 (2.0%)

AHI ≥ 5 events/h and ESS > 10 99 (8.3%) 72 (4.8%)

AHI ≥ 15 events/h and ESS > 10 43 (3.6%) 20 (1.3%)

*OSA syndrome was defined based on AHI and ESS. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale, OSA = obstructive sleep apnea, SD =
standard deviation.

Table 3—Prevalence of moderate-severe OSA (AHI > 15 events/h) in 3 studies of the Busselton population.

Reference Device n Age Range (y) Monitoring

Prevalence OSA

Male Female

2 MESAM IV 400 40–69 (males only) Snoring, oximetry,
body position, heart

rate

4.7% —

24 ApneaLink 793 18–80 Oximetry 12.4% 5.7%

24 ApneaLink 359 46–69* ApneaLink 24.6% 9.8%

Present study ApneaLink 2,707 46–69 Oximetry, nasal flow 20.2% 10.0%

*Recalculated from original data. AHI = apnea-hypopnea index, OSA = obstructive sleep apnea.
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1995. However this seems unlikely since the MESAM device
recorded snoring, oximetry, body position, and heart rate. In con-
trast, the present study (2010–2015) and that of Simpson et al24

(2007) measured only oximetry or oximetry and nasal flow, and
recorded similar prevalence values for OSA in men and women.
In addition, the MESAM device was scored manually and vali-
dated against standard, in-laboratory polysomnography in 10
participants.2

In agreement with the HypnoLaus study,9 we found that the
prevalence of OSA has increased markedly over the last 15–20
years. In the HypnoLaus study,9 which used in-laboratory poly-
somnography, the increase in prevalence of OSA was attributed
to the “obesity epidemic” or to increased sensitivity of measure-
ment or both. In our studyweused a less-sensitive instrument and
found that the presence and severity ofOSAwere associatedwith
BMI in both males and females. The average BMI for the BHAS
participants was higher than that seen on the HypnoLaus study
(25.6 kg/m2). The high prevalence of overweight and obesity in
theBHASparticipants (�65%) is similar to that seen acrossAus-
tralia.39 The prevalence of obesity and overweight has increased
greatly between 1995 and 2007 but has remained much the same
between2007and2015,matching the trendsobservedin theprev-
alence of OSA.

The increase in prevalence of any or moderate-severe OSA
over the last 15–20 years observed in the present study and in
the HypnoLaus study9 reflects observations of studies published
pre-2010 reporting prevalence of anyOSA (AHI≥ 5 events/h) of
17% to 31% inmales and6% to 28% in females3,32–34 and studies
published post-2010 reporting prevalence of any OSA of 34% to
84% in males and 17% to 61% in females.9,23,35 For moderate-
severe OSA (AHI ≥ 15 events/h), we observed a similar high
prevalence in the present study and in 2007 in the same popula-
tion.24 This was an increase (for men) compared with 1995,2

althoughnot ahigher prevalence thanobserved in theHypnoLaus
study (50% in men and 23% in women).9

The present study was confined to participants aged 46–69
years. Many of the previous studies have included individuals
aged anywhere from 20–80 years of age, including the previous
study in theBusselton population. In 2007, theBusselton popula-
tion showed a prevalence of moderate-severe OSA of 12.4% for

males and 5.7% for females, including all participants. However,
if only those aged between 46 and 69 years were observed, the
prevalence of moderate-severe OSA was similar to values
obtained in the present study, although not as high as in the Hyp-
noLaus study.9

Since only 53% of the BHAS participants underwent a sleep
study and had data available for analysis, selection bias may
have altered our results. This sampling bias would result in an
underestimation of the true prevalence ofOSA in this population.
If we add participants with reported OSA from Table 1 to those
with AHI ≥ 5 events/h in Table 2 (ie, assume that all those with
reported OSA had AHI ≥ 5 events/h), the prevalence of any
OSAwould increase to 63.6% in males and to 43.6% in females.
In addition, we used participant demographic and characteristics
data of those who underwent a home sleep study to predict
(impute) the prevalence of OSA in BHAS participants who did
nothaveasleepstudy(includingthosewhoreportedOSA).Those
participants not having a sleep study tended to have a higher alco-
hol intake andmore often reportedOSA. The latter was expected
since participants with known OSA or its treatment were not
offeredovernight sleepmonitoring. Inaddition, for thosenothav-
ingasleepstudy,maleshad increasedbodyweight andweremore
likely to be current smokers, and females weighed less and
reported less daytime sleepiness than those having a sleep study.
However, the inclusionof the imputedprevalenceofOSAhad lit-
tle effect on the measured prevalence.

Apart from age and Berlin score, the features associated with
having moderate-severe OSA differed between males (glasses
of alcohol per week, daytime sleepiness score) and females
(BMI, reduced tertiary education). Associations with severe
OSA (vs no or less-severe OSA) also differed in males (BMI,
alcohol intake, education level, Berlin questionnaire score) and
females (Berlin questionnaire score).

Mild OSA syndrome was associated with sleepy driving and
high risk of OSAon theBerlin questionnaire. Additional and dif-
ferent features were also associated with mild OSA syndrome in
males (current smoking and lower levels of education) and
females (increased age and increasedBMI, in paid employment).
Moderate-severe OSA syndrome correlated with increased BMI

Table 6—Relationships between OSA severity and sex, BMI, alcohol intake, and Epworth Sleepiness Scale.

Male Female

AHI < 15
events/h

AHI = 15–29.9
events/h

AHI ≥ 30
events/h P

AHI < 15
events/h

AHI = 15–29.9
events/h

AHI ≥ 30
events/h P

n (%) 950 (79.8) 180 (15.1) 61 (5.1) 1,346 (90.0) 119 (8.0) 30 (2.0)

BMI, kg/m2 27.9 ± 3.7 29.50 ± 4.3 31.27 ± 5.3 <.0001 27.71 ± 5.2 31.07 ± 6.4 32.31 ± 8.5 <.0001

Alcohol,
glasses per
week

15.1 ± 14.4 17.41 ± 15.9 22.01 ± 19.6 .0006 6.86 ± 8.2 5.16 ± 8.8 5.03 ± 6.7 .0503

Epworth
Sleepiness
Scale

5.97 ± 3.7 6.62 ± 4.1 7.13 ± 4.0 .0113 5.58 ± 3.7 6.19 ± 3.7 5.93 ± 3.5 .2016

AHI = apnea-hypopnea index, BMI = body mass index, OSA = obstructive sleep apnea.
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and high risk of OSA based on the Berlin questionnaire in both
males and females.

The factors associated with OSA differed for males and
females in this study. Sex differences in associations with OSA
havebeen observed previously.Anumber of studies have consis-
tently shown an increased prevalence ofOSA inmales compared
with females, independent of age,BMI, andmenopausal status.36

Thesedifferenceshavebeenattributed todifferences inupper air-
way structure/compliance,37 ventilatory responses to stimuli,38

and body fat distribution.9 The increased prevalence of OSA in
women following menopause also suggests hormonal effects.32

OSAmaybe associatedwith different presenting symptoms in
males and females,with sleep disturbance and current depression
reportedmore often in females with OSA.35 As the present study
shows, there is a distinction between sexes in prevalence of cur-
rent depression (greater in females) and its association with
OSA severity (positive in males and negative in females). A
potential effect of this is that although the prevalence of OSA in
males was approximately double that in females, the prevalence
of depression in males and females with OSA was similar. It is
possible, particularly where OSA is mild, that depressive symp-
toms, including disturbed sleep and daytime dysfunction, are
more likely to be misattributed to clinical depression in females
than males, given that other more specific symptomatology
such as snoring and witnessed apneas are more prominent in
men. Such misattribution may decrease as OSA becomes more
severe/obvious, accounting for the negative association between
OSA severity and apparent depression in females.

The relative uniformity of the population studied, particularly
with regard to age and race, has the potential to limit the general-
izability of some of the findings in the present study. This unifor-
mity has been maintained over the course of the 3 studies of
prevalence of OSA in this community. This is likely a strength
for comparison of trends in prevalence, since we can conclude
that factors other than age and race have accounted for the
increase in prevalence of OSA. However, generalization to other
populations must be undertaken with caution since racial fac-
tors6,8,21 may influence the prevalence of OSA. Compared with
the general Australian population in 2007,39 the population in
the Busselton Healthy Ageing Study is similar in regard to
some potential risk factors and health outcomes associated with
OSA (such as obesity, hypertension) but not others (less current
cigarette smoking, more alcohol use). Many of these factors
were included in statistical models examining associations with
OSA in the present study. We cannot exclude, however, that the
associations with OSA may differ between populations.

In conclusion, successive surveys ofmiddle-aged populations
from the same community demonstrate that the prevalence of
OSA is high, has increased in males since 1995, but appears to
have been stable in males and females between 2007 and
2010–2015. The features associated with OSA differ between
males and females.

ABBREVIATIONS

AHI, apnea-hypopnea index
BHAS, Busselton Healthy Ageing Study

BMI, body mass index
CI, confidence interval
ESS, Epworth Sleepiness Scale
OR, odds ratio
OSA, obstructive sleep apnea
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