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ABSTRACT

Background Aboriginal Australians are reported to have
higher presence of chronic respiratory diseases. However,
comprehensive evidence surrounding this is sparse.
Hence, a systematic review was undertaken to appraise
the current state of knowledge on respiratory health

in the adult Aboriginal Australians, in particular among

the three most common respiratory disorders: asthma,
bronchiectasis and chronic obstructive pulmonary disease
(COPD).

Methods A systematic review of primary literature
published between January 2012 and October 2022,
using the databases PubMed and Scopus, was conducted.
Studies were included if they reported adult Aboriginal
Australian prevalence’s or outcomes related to asthma,
bronchiectasis or COPD, and excluded if adult data were
not reported separately, if Aboriginal Australian data were
not reported separately or if respiratory disorders were
combined into a single group. Risk of bias was assessed
by both Joanne Briggs Institute checklists and Hoys’ bias
assessment. Summary data pertaining to prevalence, lung
function, symptoms, sputum cultures and mortality for
each of asthma, bronchiectasis and COPD were extracted
from the included studies.

Results Thirty-seven studies were included, involving
approximately 33364 participants (71% female). Eighteen
studies reported on asthma, 21 on bronchiectasis and 30
on COPD. The majority of studies (94%) involved patients
from hospitals or respiratory clinics and were retrospective
in nature. Across studies, the estimated prevalence of
asthma was 15.4%, bronchiectasis was 9.4% and COPD
was 13.7%, although there was significant geographical
variation. Only a minority of studies reported on clinical
manifestations (n=7) or symptoms (n=4), and studies
reporting on lung function parameters (n=17) showed
significant impairment, in particular among those with
concurrent bronchiectasis and COPD. Airway exacerbation
frequency and hospital admission rates including mortality
are high.

Discussion Although risk of bias globally was assessed as
low, and study quality as high, there was limited diversity
of studies with most reporting on referred populations, and
the majority originating from two centres in the Northern
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Adult Aboriginal Australians are reported to have a
higher prevalence of chronic respiratory diseases
than non-Aboriginal Australians.

= However, diagnoses are confounded by a high prev-
alence of smoking, respiratory comorbidities and
significant geographical variation.

= Despite emerging evidence in the literature to sug-
gest the respiratory health burden is significantly
higher among the adult Aboriginal Australians, to
date, there is a sparsity of comprehensive evidence-
based reviews on respiratory disease assessment in
this population.

WHAT THIS STUDY ADDS

= This comprehensive systematic review for the first
time illustrates the current state of knowledge on re-
spiratory health among adult Aboriginal Australians.

= This review strengthens the notion that adult
Aboriginal Australians suffer from an disproportion-
ate burden of respiratory disorders giving rise to
higher morbidity and mortality.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Awide array of diagnostic criteria are used in the re-
search context to estimate the burden of respiratory
disease, and more specific methods are needed to
fully elaborate on disease prevalence and outcomes.

= Further efforts are needed in order to implement
preventative, diagnostic and management strategies
specific to Aboriginal Australians and Indigenous
people globally, with an ultimate goal to reduce the
health disparity and to close the health gap second-
ary to respiratory disorders in this population.

Territory. The states with the greatest Aboriginal Australian
population (Victoria and New South Wales) reported the
lowest number of studies and patients. This limits the
generalisability of results to the wider Aboriginal Australian
population due to significant environmental, cultural and
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socioeconomic variation across the population. Regardless, Aboriginal
Australians appear to display a high prevalence, alongside quite advanced
and complex chronic respiratory diseases. There is however significant
heterogeneity of prevalence, risk factors and outcomes geographically
and by patient population. Further collaborative efforts are required to
address specific diagnostic and management pathways in order to close
the health gap secondary to respiratory disorders in this population.

INTRODUCTION

Aboriginal Australians (Aboriginal and Torres Strait
Islander peoples) account for approximately 3.8% of
the total Australian population.' Similar to Indigenous
populations globally, a history of colonisation, and
dispossession of country, and culture have resulted in
ongoing intergenerational trauma, racism and disadvan-
tage which are reflected in contemporary health inequi-
ties (from here on ‘Indigenous’ is used to refer to global
First Nations populations, while ‘Aboriginal Australian’
is used to specifically refer to Australia’s First Nations
population).? Broadly, Aboriginal Australians experi-
ence a burden of disease 2.2 times that of non-Aboriginal
Australians.” There is however significant variation in
the disease burden geographically as the Aboriginal
Australian population is by no means a homogeneous
group. Although most Aboriginal Australians reside in
New South Wales (NSW) (35%), they make up only 3%
of the local population, whereas 10% of the Aboriginal
population resides in the Northern Territory (NT), yet
accounts for 29% of the local population.' Furthermore,
nationally, 19% of the Aboriginal population reside in
remote or very remote areas. However, in the NT approx-
imately 80% reside in these regions.' * The burden of
chronic respiratory diseases is noted to be significantly
higher among Aboriginal people residing in remote and
very remote regions, and has thus been reported to be
significantly higher in the NT compared with NSW.”

The respiratory disease burden accounts for 10%
of the gap in total disease burden between Aboriginal
and non-Aboriginal Australians nationally, with Aborig-
inal Australians experiencing respiratory disease at 2.6
times the rate of non-Aboriginal Australians.” Chronic
obstructive pulmonary disease (COPD) was ranked as
the second highest contributor to disability-adjusted life
years in 2018 among the Aboriginal Australian popula-
tion, with an age adjusted prevalence 2.3 times higher
than in non-Aboriginals.” ° Asthma and lung cancer
are also significant contributors, ranked 11th and 10th,
respectively, although in terms of years of life lost, lung
cancer jumps to being ranked third (just ahead of COPD
in fourth).” Asthma has a reported prevalence of 16%,
1.6 times higher than that of the non-Aboriginal popu-
lation, although with potentially even greater associated
morbidity among the Aboriginal population.® Similarly,
bronchiectasis has been reported to be highly preva-
lent, and with a higher associated mortality rate among
Aboriginal compared with non-Aboriginal Austra-
lians.”® Possible reasons for this heightened respiratory

morbidity among remote residing Aboriginal Australians
have been postulated in the literature to be related to the
greater proximity to bushfires which may cause exacerba-
tions of respiratory conditions, a high level of household
crowding, poor household infrastructure which gives
rise to recurrent respiratory infections, alongside a high
prevalence of smoking, and reduced access to healthcare
services.®?1?

In the last decade, there has been a slew of research
boosting the state of knowledge around Aboriginal Austra-
lian respiratory health encompassing chronic respiratory
disease, lung function and sleep health domains.” "'
Although asthma and bronchiectasis tend to present
commonly in childhood,'*™" the sequalae from these,
and the development of COPD typically occur through
adulthood, accompanied by a rise in other risk factors
such as smoking.”” Given the high burden of chronic
respiratory conditions reported in the literature, specif-
ically for asthma, bronchiectasis and COPD, it is worth-
while to review the most recent evidence surrounding
these three common disorders among Aboriginal Austra-
lians. Therefore, this systematic review sets out to describe
the prevalence of and outcomes (including mortality and
pulmonary function) associated with asthma, bronchiec-
tasis and COPD among Aboriginal Australian adults.

METHODS
This systematic review followed the ‘Preferred Reporting
Items for Systematic Reviews and Meta-Analyses’
(PRISMA) guidelines.”> The project was pre-registered
on the Open Science Framework (DOI: 10.17605/OSF.
I0/FKZX8). The inclusion criteria were formulated
based on the following PICOS tool questions™*:

P (population): Aboriginal Australian adults.

I (intervention/exposure): Asthma, bronchiectasis or
COPD.

C (Comparison): Aboriginal Australians without
evidence of asthma, bronchiectasis or COPD.

O (Outcome): Prevalence, hospitalisations, mortality,
parameters of pulmonary function tests (PFT5s).

S (Study design): Published or early access primary
studies written in English.

Information sources

Two databases were used for this literature review—
PubMed and Scopus. Databases were searched for English
language literature published between 1 January 2012
and 1 October 2022 in order to obtain a current depic-
tion of the topic. In addition to the database search, the
reference lists of all retained articles, which had their full
text reviewed, were searched for relevant literature, as
were the reference lists for any review articles identified.

Eligibility criteria

Studies were included if they reported data on Aborig-
inal Australian prevalence or outcomes from asthma,
bronchiectasis or COPD. Studies were excluded if they
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were case studies/series, reviews, editorials/comments,
protocol or method papers, immunological or pharma-
cological studies including vaccination, or coronavirus
disease based. Furthermore, studies which did not report
on Aboriginal Australian participants/outcomes sepa-
rately did not report on adult participants separately,
reported on broad ‘respiratory/pulmonary disease’
without defining what this included, or if this included
diseases other than COPD, bronchiectasis or asthma, or
did not report specific values related to COPD, bronchi-
ectasis or asthma were excluded.

Search strategy

Within PubMed and Scopus, the following keywords
were used: (((Aboriginal) OR (Indigenous) OR (First
Nations) OR (Aboriginal and Torres Strait Islander
people (ATSI)) AND (Australian) AND ((lung health)
OR (lung disease) OR (Pulmonary health) OR (pulmo-
nary disease) OR (respiratory health) OR (respiratory
disease) OR (COPD) OR (bronchiectasis) OR (asthma)
OR (lung function) OR (pulmonary function))) NOT
(American) NOT (Alaskan) NOT (children) NOT
(paediatric).

Selection process

All records from each database were downloaded to
a comma-separated values file and any duplicates were
removed. TPH and SH (in the authors’ list) screened titles
and abstracts for inclusion with disagreements addressed
through discussion. Articles assessed as eligible had their
full text reviewed by TPH and SH (in the authors’ list) to
assess for final inclusion in the systematic review. Refer-
ence lists for these articles were then assessed for poten-
tial inclusion via title and abstract and in turn had their
full text and references reviewed if eligible (figure 1).

Data collection

Data collected from papers, which fit inclusion, were
study type, recruitment, location, timeframe, sample
size, Aboriginal proportion within sample, sex, age,
respiratory disease prevalence/incidence, respiratory
disease outcomes, global initiative for obstructive lung
disease (GOLD) staging and other major findings as
deemed pertinent. These were tabulated for each article
reviewed and articles reviewed grouped by major topic
(asthma, bronchiectasis or COPD). In cases where data
were reported as 95% Cls, this was translated into SD for
this review, and medians/IQRs were approximated to
mean+SD via the method used by Wan et al* In cases of
sought data missing from the studies, relevant spaces were
left blank in the tables, and these studies were excluded
from related summary statistics. Summary statistics were
reported for each disease overall (asthma, bronchiectasis
and COPD), for each distinct geographical region and
for community-based compared with clinic-based data-
sets.

During data collection, it was noted that some locations
had a significant concentration of studies, with either
confirmed or potentially overlapping datasets—mnotably
studies from the top-end health service (TEHS) and
from Central Australia. In each region, a single hospital
and respiratory service sees patients, and therefore the
potential for individual patients to re-present at multiple
timepoints and be present in seemingly unrelated studies
is high due to the comorbidities associated with chronic
conditions. These studies have been included within the
tables of this review for completeness and signposted at
the foot of the table. However, summary descriptive statis-
tics of age, sex distribution, smoking status and disease
prevalence have used either the study with the largest
number of participants, or, if the largest study did not

[ Identification of studies via databases and registers ]

selected respiratory diseases under the same umbrella (n=21)

included non-

Figure 1
COPD, chronic obstructive pulmonary disease.
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of included studies.
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contain all relevant data, a smaller study with the most
relevant data was used. In each case, the references from
which the statistics come have been noted in text.

Methodological quality and bias assessment

Methodological quality assessment was conducted using
the Joanna Briggs Institute (JBI) critical appraisal tools.*
Due to the range of studies assessed in this systematic
review, multiple checklists were used: the checklists for
Analytical Cross-sectional Studies, Cohort Studies, Case-
control Studies, Quasi-experimental Studies, Economic
Evaluations and Prevalence Studies. However, due to the
overlapping or unclear design nature of several studies,
there was no way to clearly categorise which checklist was
most appropriate for every study. In these cases, the check-
list used was agreed through discussion and consensus.
Broadly, the checklists appraise issues relating to recruit-
ment, exposures, confounding factors, reliability of
outcome measures, follow-up timeframe and statistical
analyses (exact questions differ based on the tool used,
and the full list may be viewed in online supplemental file
1). Each question was answered as ‘Yes’, ‘No’, ‘Unclear’
or ‘Not applicable’. TPH, SH, SM, HJ and HBS (in the
authors’ list) were randomly assigned studies to appraise,
such that each study was appraised by two authors inde-
pendently, and no authors appraised studies for which
they were authors/coauthors. In cases of discrepancies
in answers between the two authors, a third author (LM,
SH or TPH (in the authors’ list)) appraised the relevant
paper and question to achieve consensus. If inconsist-
ency remained, the relevant question was answered as
‘Unclear’. Quality of the included studies was coded as
‘high’ (>80% of ‘Yes’ answers), ‘moderate’ (50%-80%
Yes’ answers) or ‘low” (<50% ‘Yes’ answers).

Bias assessment was conducted via the appraisal tool
developed by Hoys et al?” Within this tool, questions 1
to 4 assess external validity, and questions 5 to 10 assess
internal validity. Questions are answered as ‘1’, indi-
cating a high risk of bias, or ‘0’, indicating no risk of bias,
summed to give an ultimate score of 0 to 10, which was
categorised as low risk of bias (0-3), moderate risk bias
(4-6) or high risk (7-10) (online supplemental file 2).

Ethics, patient and public involvement

The authors acknowledged the rights of the Aboriginal
people involved in the studies included under this review
and aimed to conduct and report in accordance with the
National Health and Medical Research Council guide-
lines for reporting of health research involving Aborig-
inal people.”® In the public involvement perspective, we
sincerely appreciate the direction and advice, especially
in relation to the Aboriginal peoples’ context repre-
sented in this review by the senior coauthor Associate
Professor Linda Ford, NT, Aboriginal Australian woman,
Mak Mak Marranunggu descendent from the Delissaville,
Wagait Larrakia Aboriginal Land Trust and the Gurudju
Aboriginal Land Trust, NT, of Australia, in this work.

Patients however were not involved in the planning or
design of this study.

RESULTS

Overview

Thirty-seven articles were included in this review,
covering approximately 33364 participants®™~° (71%
female)**? (exact number not available due to poten-
tial overlap of participants between multiple studies,
therefore the largest distinct studies in each region were
used to define total participant numbers) (figure 1).
The majority of studies drew from the NT Aboriginal
Australian population (n=23, 62.2%), with 15 (40.5%)
from the TEHS region, 7 (18.9%) from the Central
Australian (CA) region and 1 (2.7%) from across the
NT as a whole. The remaining studies came from WA
(n=6, 16.2% (two from the northern remote Kimberley
region, 4 incorporating all of WA)), Queensland (QLD)
(n=2, 5.4% (1 from North (N.) QLD, 1 from South (S.)
QLD)), South Australia (SA) (n=2, 5.4%), Victoria (n=1,
2.7%), NSW (n=1, 2.7%) and 2 Australia wide studies
(n=2, 5.4%). The number of Aboriginal participants
included in each study ranged from 23 to 14184 (median
333—excluding one study which reported on number of
pregnancies, one which reported on number of cardinal
events and one which reported on number of hospitali-
sations as opposed to number of patients), with 30.6%—
100% female (median 52.4% excluding studies with
100% female). Eighteen (48.6%) reported on asthma,
21 (56.8%) on bronchiectasis and 30 (81.0%) on COPD
(online supplemental file 3, outline of studies included
for analysis). Average quality of studies was rated as 72%,
with 17 studies (46%) being rated as ‘high’ quality (online
supplemental file 1). However, disagreement between
reviewers on the JBI critical appraisal tools was common,
with 32% of questions recording a disagreement.

One study (3%) was assessed as having a moderate risk
of bias, while the remainder were assessed as having a
low risk of bias. However, almost all studies were assessed
as having issues relating to external validity, which was
largely due to these studies including Aboriginal partic-
ipants from only a single selected region (ie, TEHS or
Victoria) or setting (ie, presented to hospital or respira-
tory clinic) while the target population appeared to be
broadly ‘Aboriginal Australians’. Many noted in their
limitations section that the results might not be generalis-
able to the whole of the Australian Aboriginal population
due to the limited diversity of the cohort.

Asthma

Of the 18 studies which reported on asthma (including
the three studies which combined asthma and
COPD),” ¥7 % 3 reported community cross-sectional
data,” *® * 2 reported on pregnant women,” ** 7
reported on patients from a hospital cohort,”” #1* and
6 reported on patients referred to the respiratory health
service (table 1) 1415304546
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Outside of the pregnancy cohorts for which the majority
of participants were aged <30 years, the combined mean
age of participants was 52.3+15.5 years, which varied
by geography, with participants from CA studies with a
mean of 45.2+15.8 years,"” Kimberley region patients
51.849.3 years,39 TEHS region participants 51.3+12.3
years,® N. QLD participants 54.7+14.1years” and NSW
participants 57.1+8.6years,” while no age was reported
for the Victorian prevalence survey. Excluding the
studies reporting on pregnancy, the majority of partic-
ipants were female (56.3%).% % %7 %9 42146 A history of
smoking was common, with a mean 55.7% of participants
reporting ever smoking,go_32 35-37 39 4246 \ihich ranged
from 33.9% to 93%'* with a notably lower prevalence
in Victoria compared with all other regions (NSW 56%,°
WA excluding Kimberley region 51 %,32 Kimberley region
68%,* S. QLD 60%,”" N. QLD 77%,” CA 58.9%"* and
TEHS 83.4%"%).

Three studies used self-reported asthma to define
prevalence,” *** one used a combination of self-report
and hospital admissions data,32 one used bronchodilator
response (BDR),* one used either BDR or electronic
medical records (EMR) documentation for the presence
of asthma™ and the remaining 12 used hospital admis-
sions or entries on patients’ EMR,” #1530 31 57 38 40745 45
Excluding the three studies which combined COPD and
asthma, and potentially overlapping studies, the average
prevalence of asthma was 15.4%.707 % 30 39 4246 The
prevalence in CA appeared lowest at 6.1%,"* compared
with 25.9% in QLD,”*' 21% in the Kimberley region™
and 11.7% in greater WA,” 81.2% in Victoria,” 17.5%
in NSW* and 16.6% in the NT, TEHS." One TEHS
study reported the BDR of patients and sought to
exclude potential confounders of asthma,’ including
radiographic evidence of bronchiectasis or COPD, or
spirometry suggesting COPD—after excluding these, the
prevalence of asthma dropped from 16.6% to 5%.

Considering community datasets and clinical data-
sets separately, the community-based studies recorded a
combined mean age of participants of 56.4+8.9, of which
52.9% were female, 54.5% reported smoking and asthma
prevalence was 19.7%.% %% The clinical-based studies, on
the other hand, recorded a combined mean age of partic-
ipants of 49.8+15.1,° ** of which 57.9% were female
(excluding pregnancy studies),” ** ** 55.8% reported
smoking and asthma prevalence was 15.1%.0-* 420

Hospitalisations specific to asthma were only reported
in a single study,"* which noted a higher rate in those with
asthma and human T-lymphotropic virus type 1 (HTLV-1)
seropositive status (0.67/patient/year) compared with
those seronegative (0.19/patient/year). The two preg-
nancy studies reported significant effects of maternal
asthma on infant and labour outcomes, although the S.
QLD study used non-Aboriginal women without asthma
asreference,” while the WA study used Aboriginal women
without asthma as reference,32 and the confounders
adjusted for differed. However, asthma appeared to show
a consistent association with neonatal intensive care

admission in both studies, while the WA study showed
increased odds of emergency caesarean section, emer-
gency preterm labour and placental abruption.

PFT parameters were reported exclusively for patients
with asthma in only a single study,"® which used BDR to
define asthma (online supplemental file 4). Among those
patients with a significant BDR, percentage predicted
values of FEV and FVC were low, with a reduced FEV, /
FVC ratio (51£13%, 62+12% and 0.65+0.13, respec-
tively). Eight other studies reported on PFTs for the
broader cohort,” '* 1730 3 40 4 % ajhough only three
of these reported BDR (prevalence of 29% in the NT,
TEHS cohorts and 3.1% in the WA cohort),14 91 three
reported diffusing capacity of carbon monoxide (NT,
TEHS combined mean 62:26% and N. QLD mean
81+24%)'* ¥ * and two reported total lung capacity
(combined mean 73+22%).'*1°

Bronchiectasis

Of the 21 studies which reported on bronchiectasis, one
reported community cross-sectional data,” one reported
on patients receiving domiciliary oxygen therapy (DOT) 7
while the remainder reported on referred populations,
either to a respiratory service (n=11,7 14153045 46.48-52) )
hospital (n=8,>* *#555% (table 2).

The combined mean age of participants included in
these studies was 49.8+15.1 years,” ** * %% which varied
by geography, with participants from NT, CA studies with
a mean of 45.2+15.8 years,"” Kimberley region patients
49.9+10.4 years,”” NT, TEHS region participants 51.3+12.3
years,"® and N. QLD participants 54.7+14.1 years.” There
was a majority of female participants within the sampled
populations, accounting for 57.7% of the total number
of participants. A history of smoking was common, with
a mean 70.6% of participants reporting ever smoking
which ranged from 38.9%* to 93%,"* with a lower prev-
alence in NT, CA compared with other regions (58.9%"*
vs 77% in N. QLD,” 82% in Kimberley”® and 83.4% in
TEHS™).

Overall prevalence of bronchiectasis was 9.4%, with
significant geographical variation. In the NT, TEHS CT
study, the prevalence of bronchiectasis was 23%,”" in the
largest NT, CA study, it was 9.8%"* and in the N. QLD
study 4%.” Patients with confirmed bronchiectasis were
amean age of 51.4+14.7 years,”®*® with 54.2% female.” %

Considering community datasets and clinical datasets
separately, the single community-based study recorded
a combined mean age of participants of 45.2+15.8, of
which 55.3% were female, 58.9% reported smoking and
bronchiectasis prevalence was 9.8%." The clinical-based
studies, on the other hand, recorded a combined mean
age of participants of 54.8+24.1,% %' %% of which 60.9%
were female,” ' ° 79.7% reported smoking and bronchi-
ectasis prevalence was 31.1%." o

In the NT, TEHS bronchiectasis was commonly asso-
ciated with concurrent presence of COPD, with pres-
ence of COPD noted in anywhere from 8% to 50%"*

Howarth TP, et al. BMJ Open Respir Res 2023;10:e001738. doi:10.1136/bmjresp-2023-001738 7

ybuAdoo Aq paroalold 1sanb Aq 20z ‘8T |Udy uo jwod g saidsaiuadolwg//:dny wolj papeojumoq ‘€20z AINC #T Uo 88/ T00-£20z-dsallwg/osTT 0T St paysiignd 1s. :say dsay uado rING


https://dx.doi.org/10.1136/bmjresp-2023-001738
http://bmjopenrespres.bmj.com/

BMJ Open Resp Res: first published as 10.1136/bmjresp-2023-001738 on 14 July 2023. Downloaded from http://bmjopenrespres.bmj.com/ on April 18, 2024 by guest. Protected by copyright.

(€0)

Open access

panunuo)
d[ewWs} %9°0¢ NV
Ayjenow 94G°65 291 FLE 00l 68 Y LLFGEy (Seseo sisejos|youoid) 9 [esue) %
(6'0€ 01 €L} 1D %G6) 26'S HO® NV
:Ajjepow jo sppo pajsnipe sisejosiyouoig = G'6 80l = L'gLFLS S[BWsd} %06 ‘7.2 [esue) -
NV
Aylepow 9%9¢ = = 00l G'/9  gelFLey S[ews} % ey ‘G8 [esue) g
Aljeuow
%g°c¢ -eak/suonesiendsoy (jusned NV
/28°0) o= L-N1LH (UeNEd/S6" 1) o0+ L-ATLH L9 L 8'6 685  8'GlLFCSY S[eWs} 9%E°SS (LS| [enueD .
L've 001 8'el 1’88 8'6F£'9G B[BWs} %G'¢S ‘65 «SH3L -
= 6'8Y 96 = v'elF19 S[eWsd} %8° L€ ‘GY +SHAL .
S[ews) % |¢
{(sosed sise1oa1yduoIq
= 00} 00l 16 L' 1F9LS pue ad09) G& «SHAL
o[ewsy %83
= 0 00l /8  80LFL'eS i(soseo sisejoalyouoid) Oy «SHAL
= Kei Ge 16 vELFLES B[ewWs} %G (18103 ¢le +SHAL =
= Ge €2 /8  80VFGES 8[eWs} %63 ‘20% «SHIL -
991 G'Ge 6'Gl 7'€8  €2LFELS S[ews} %695 ‘L +SHAL o~
= Ie Ll 98 G'9lFG6°0S S[BWd} %6°GS ‘G8Y +SHAL s
= €'6¢ €22 9'68 L' LLF1°0S S[BWSd} %1°0G ‘GL I +SHAL -
= 00l 2c €6  L'CLFL'ZS Slews) %8y (1D BIA) 882 +SHAL
alews)
= 00l 4 26 LSLFLVS %.¥ (10D eln) 8eg +SHAL -
Aljerow 948'6 ‘Jeak/suonesijelndsoy olews) %/ 2y
G| Fg ‘Jeak /suoneqieoexe 'L Fg €'ee 00l 00l 9¥8  92IF99S  i(sIseloslyouoiq Yum) gg «SHAL
zee 001 g'Le 8'06 L'2LF'8S  olews} %961 (1e101) 85¢ +SHAL -
Allerow o4g'1 “eak/suonesijelndsoy
8'0FE’ | 9SO} JO pue JeaA 1se| Ul
uoljes|edsoy auo 1Se9) 18 9, |.'9¢ ‘deak
1SE| Ul UO[1eqIB0BXS BUO ISBD)| 18 % /82 FLL L'¥9 001 i 67 LFHS S[BWad} %E"6S ‘8G2 «SHIL p
= 6v 6V 6l 9vS 6'cl¥6Y S[eWs} %8G (0G| +SHAL -
= 00l 6’61 €6  CELFELS d[ewWs} %8°GS ‘08¢ «SHIL o
Sawo9)no oyIvads-sisejoalyouolg (%) ewyisy (%) ddoo (%) (%) (s1eah) aby N uoneooq] ‘jay

saseasip Aiojeidsai
21U0JYD pIgIowWo)

SISB}o9IYyouoIg 9 OWS J9A]

selpnjs siseosiyouoid Ul syusied Jo MaInBAo ApniS  Z ajgel

Howarth TP, et al. BMJ Open Respir Res 2023;10:e001738. doi:10.1136/bmjresp-2023-001738


http://bmjopenrespres.bmj.com/

of bronchiectasis cases. In NT, CA, however, HTLV-1 was
= c consistently noted as a significant risk factor for bron-
" g g chiectasis with HTLV-1 infection increasing the odds of
"é e 2 bronchiectasis (adjusted OR 2.9 (95% (CI) 2 to 4.3))
8 1o T and a high proviral load (=1000 copies per 10° periph-
© . - .
5 2 = eral blood lymphocytes) increasing the risk even further
8 %_ ﬁ. (adjusted OR 7.08 (95% CI 2.67 to 18.74) and adjusted
S & - § OR 12.41 (95% CI 3.84 to 40.15)). Four studies reported
g ° = 2 on severity of bronchiectasis, of which three reported
3 - 5 %’ =~ o the FACED score (which incorporates FEV , age, Pseudo-
'g % *g S % 3 monas aeruginosa colonisation, radiological extension and
"g 5 o § IS 2 dyspnoea) (mild: 32.6, 50.9%-75.3%; moderate: 41.8%—
5 E ¢ o E 3 24.7%; severe: 7.3% and 0%—one study reported only
s % % e é 2 the proportion of patients with a mild score)7 81" and one
o ® B 2 8 % reported the global severity score (5.58+3.92).*
_ e Exacerbations and/or hospitalisations were reported
S = in six studies. However, this was reported specifically for
" g = patients with bronchiectasis in four studies.” '* *** In
o a|S 3 the non-hospitalised cohorts, exacerbations specific to
5 § | b : S - bronchiectasis were recorded as a mean 2+1.5/person/
% 5 g = year7 or 28.7% of patients with bronchiectasis reporting
) g‘ 3 85' an exacerbation in the past year.45 Hospital admissions
-g ® an' E (z?,' were reported to be between 1 and 2 per person per year.
S e . . . .
£ E. o 0 -g -% Among the studies reporting solely on patients with bron-
8 o 8 g S : B 'q%),g E chiectasis, mortality varied significantl A 4r%alzréggi()ng from
o 2 4.3% to 55.5%, with a median of 31.1%.'°*"
) S . .
B % 5*5 Seven studies reported on sputum cultures (online
C & - A
"g :’n’_‘qc'; s supplemental file 5).7 814434556 prevalence of cultured
-:-:’ g §_ o g species varied significantly, with Haemophilus influenzae
= n . . .
g < o 5 25 3 £ and P. aeruginosa overall the most frequently identi-
G2 S 8 LS ¢ é‘% 8 fied (33.4%-28.5%, respectively), although this ranged
~| — — £ 520 .
< z S5 e from 4.2% to 70% for H. influenzae, and 15.6% to 50%
% 2 5(35 o for P. aeruginosa. Frequency of each cultured species
£ 25 58 appeared to be higher in the NT, CA studies,® ** *
g © §289 compared with the NT, TEHS region.” '* **
= 3 | 2 3 Ny E H £ Fifteen studies reported on patients’ PFT results, of
E TES which five reported on a cohort with 100% bronchiectasis
vl _ © |—|< |2 g é % prevalence,”®*** 2 although only one excluded patients
§ O T S2 §53%® with evidence of comorbid COPD (online supplemental
g N & &3 g § g file 4).°* In the single study which excluded patients with
= C 1
< 5 | ) 3|2 3 ,2 55 COPD, percen.t predicted values of FEV and FVC, and
- £ .% %S FEV /FVC ratio were 51x11%, 54+10% and 0.71+0.1,
0 “g g-§ % respectively, while among patients with either confirmed
g °cg 8 or potential COPD, these values were significantly
L 2 |8 |e < ‘g’}:(; © lower with a combined mean of 36+17%, 49+17% and
£ 8 £ g £ E3556 0.59+0.18, respectively,” 8 #4252
y— (6] y— (0] - é o2
0 o = £ 9560 ~
X T w® X c @ 2c0A
o T < RN u= =
© 8Lfg© §o 2250
c c 9 - . .
g S8 ¥ © S5 Sz Chronic obstructive pulmonary disease
e i N © = L. . . . .
) ‘g’ § © E :r)_ 5537 Of the 30 studies which reported on COPD (including the
- 2| © D O < - % 5 ;. <3 three studies which combined asthma and COPD)," %73
3 = +®>_, 2 < < g a single study reported community cross-sectional data,”
= 2w ® ® a5 5253 while the remainder reported on referred popula-
= Bl = & = 3|8 gmoe ) : ;
Q 0| s ©Tx T+ O © 235 tions (table 3). Fourteen studies reported on patients
E P p
O 0| @2 2 00 - £ TEHO . -1 293337 38 4044 53 54 57-59 :
40 OO0 Z2X 283¢% presenting to hospital,™ ™ ”" PP 12 on patients
o T ) . 5 5 48-592 6
% Qg8 'é_ referred to a respiratory health service,’ '* 17 %04 16485260
3 Q. - N o o § 8 o > and one each on patients using DOT," patients newly
= mc 3 |8 B |vrer diagnosed with lung cancer,” and patients diagnosed
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with obstructive sleep apnoea.”’ The combined mean
age of participants was 52.5+15.3 years,™ > % ** 657 which
varied by geography, with participants from the largest
NT, CA study with a mean of 45.2+15.8 years,"* Kimberley
region participants 51.8+9.3 years,” from the largest NT,
TEHS region study 51.3+12.3 years,® SA participants
57.7+15.6 years™ and WA participants 54+15.4 years.”’
There was a small majority of females within the sampled
populations, accounting for 55.3% of the total number of
participants.”** %% A history of smoking was common,
with a mean 70.3% ¥ ¥ * % of participants reporting
ever smoking which ranged from 38.9%" to 93%."*

One study reported on cardinal events of COPD from a
cohortincluding heartfailure and type 2 diabetes mellitus
events, giving a frequency of COPD within this cohort of
29.9%,%" another two reported on hospital admissions for
COPD, asthma, diabetes mellitus, arterial hypertension,
heart failure or cardiovascular events giving a frequency
of COPD/asthma admissions of 834%™ and 10.9%,”
while five studies reported solely on patients with COPD
from within a larger cohort."* *# %% Nine studies from
the NT, TEHS” " ** *92% and four from NT, CA* **7%
drew participants from the same or an overlapping pool
of study participants for each of their studies (ie, Aborig-
inal patients presenting to the respiratory health service
2012-2020, or Aboriginal patients presenting to NT, CA
hospital with a diagnosis of bronchiectasis 2000-2013).
Thus, to ensure multiple patients were not counted
multiple times, we included the following five studies to
estimate the total prevalence of COPD.* % %339 Across
these studies, the total prevalence was 13.7%, and across
all studies under review ranged from 3.8% in a NT, CA
‘control’ group™ to 48.9% among patients using DOT.*”

Considering community datasets and clinical datasets
separately, the single community-based study recorded
a combined mean age of participants of 51.849.3, of
which 56.4% were female, 68.3% reported smoking
and COPD prevalence was 4.9%.” The clinical-based
studies,29 30333 11 the other hand, recorded a combined
mean age of participants of 55.9+14.8,” ** of which 55.8%
were female,” % ** 77% reported smoking™ and COPD
prevalence was 13.9%.%? 303?54

The method of defining COPD differed between
studies and location, with five extracting this informa-
tion from the participants EMR,30 HA24LATH8 01 (e using
radiology and/or an FEV, /FVC ratio of <O.'70,46 one using
selfreported chronic bronchitis, emphysema or COPD,”
three using International Classification of Diseases (ICD)
codes from hospital admissions,” **** and one which did
not define how COPD was determined.” Notably, within
one study which included only patients with COPD and
used spirometry criteria to define COPD, it was reported
that of those included, 70% had a previous clinical diag-
nosis of COPD.* Patients with confirmed COPD were a
mean age of 57.3+13.2, with 55.8% female.'*

Excluding the studies which recruited only patients
with bronchiectasis and for which COPD was a secondary
outcome (n=3) %5 pronchiectasis was comorbid with

COPD in an average 19.5% of cases, while asthma
was reported comorbid with COPD in 23.6% of cases
(excluding those studies which reported COPD and
asthma together). The exacerbation rate specific to
patients with COPD was reported in two overlapping
studies'* (mean 1.18+1.61/person/year and 2+1.5/
person/year), while the hospital admission rate was
reported in five (combined mean 2.27+6.02/person/
year'**). Among the studies reporting solely on patients
with COPD, mortality was reported at a combined mean
of 20.1% among respiratory health service referred
cohorts,14 2 and at 29.3% among the cardinal event
hospitalisation cohort.”” One study reported mortality
and hospitalisations between groups of patients who were
low users of primary healthcare, medium users and high
users, noting significant differences in both mortality
and hospitalisations between levels of primary healthcare
use.” Among patients using DOT, COPD was not asso-
ciated with increased odds of mortality (OR 0.09 (95%
CI0.01 to 1.59)),47 nor was there an association between
COPD and mortality among patients with lung cancer
(adjusted HR 1.13 (95% CI 0.81 to 1.59)).** Symptoms
related to COPD were reported in four studies (online
supplemental file 6), with shortness of breath the most
commonly reported symptom (mean 73.9%), although
cough (productive or no), wheeze, fever and fatigue were
reported by approximately one-third of patients. Two
studies reported Medical Research Council dyspnoea
scale and the majority of patients reported being at stages
0orl (54.9%-53.3%)."*%

Fourteen studies reported on patients’ PFT results, of
which six reported on a cohort with 100% COPD preva-
lence, " © #5929 and two excluded patients with bron-
chiectasis (online supplemental file 4)."** In the largest
study, which excluded comorbid bronchiectasis, percent
predicted values of FEV, and FVC, and FEVI/ FVC ratio
were 42.3+18.2%, 56.4+17.2% and 0.56x0.17, respec-
tively,'* while among patients with either confirmed or
potential comorbid bronchiectasis these values were
significantly lower with a combined mean of 39+16.7%,
53.9+16.6% and 0.56+0.12, respectively.”

In the three studies reporting GOLD staging, in the
TEHS studies 64.9% were in the ‘Severe’ or ‘Very severe’
categories with little variation between the studies which
reported specifically on patients with COPD,"* or those
reporting from a general cohort.”® In the N. QLD study,
by contrast only 26% of patients were in the ‘Severe’
or ‘Very severe’ categories,”’ while the Kimberley study
reported an estimated population prevalence among
Aboriginal adults aged over 40 of 2.4% in the ‘Severe’ or
‘Very severe’ categories (although they did not define the
proportion within the study sample).”

DISCUSSION

In recent years, there has been an increasing emphasis
on policies, funding and research aimed at ‘closing the
health gap’ between Aboriginal and non-Aboriginal
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Australians. To the best of the authors’ knowledge, this is
the first systematic review to compile the recent evidence
of the respiratory disease burden in relation to asthma,
bronchiectasis and COPD, and to provide an insight on
outcomes among adult Aboriginal Australians. Overall
asthma prevalence was estimated at 15.4%, bronchiectasis
9.4% and COPD 13.7% of included participants, with
notable geographical variation. Coexistent bronchiectasis
was present in anywhere between 4% and 50% of patients
with COPD, while asthma prevalence was confounded by
high levels of smoking, and overlap with COPD and/
or bronchiectasis, and may be as low as 5%. Respiratory
function impairment appeared to be substantial, with
FEV, and FVC values averaging 43%-58% predicted in
patients with COPD, 37%-50% in patients with bronchi-
ectasis and 36%-54% in patients with both comorbid.
The majority of the studies included in this review were
retrospective studies, involving study participants who had
either been referred to a respiratory service, or who had
presented to hospital with a respiratory diagnosis. The
diagnoses used within the studies for each of the chronic
respiratory conditions differed, ranging from patients
self-reporting previously being told they have a condi-
tion, to high-resolution CT scan (online supplemental
file 3). Furthermore, 72% of studies which matched
inclusion criteria originated from the NT, within which
most of the TEHS studies and NT, CA studies broadly
examined participants drawn from their same respective
cohorts although from differing angles and with differing
methods between studies. The NT, although it has the
highest relative proportion of Aboriginal Australians
(~80%), contains less than 10% of the total Australian
Aboriginal population.' Using the 2016 census as a base-
line to estimate the adult (15-80 years of age) Aboriginal
population and the number of participants included in
the studies within this review (grouped by state, using
the largest number for each distinct sampled population
and summing within the same state), we see significant
differences in the proportional enrolment of Aborig-
inal Australians per state/territory: Victoria 0.9%, NSW
1.1%, SA 3.1%, QLD 4.1%, WA 24.6%, NT 34.4% (no
studies reported Tasmanian or Australian Capital Terri-
tory). Participant numbers for both the WA and NT
proportions, are high due to the maternal asthma study
including 12323 Aboriginal pregnant women, and the
remote NT community study including 14184 partici-
pants with a primary healthcare visit or hospitalisation) 0
This is problematic as there are significant differences
in environment and socioeconomic status between
each jurisdiction—thus results from one study are not
readily applicable to other areas. For example, from the
included study participants, we note the lifetime history
of smoking varies from 33.9% in Victoria up to 97% in
some subgroups from studies in the TEHS.” ** Further-
more, there are differences in the level of remoteness
and access to healthcare between Australian states and
Territories—in the Australian Capital Territory there are
no areas listed as remote or very remote according to

the Australian Statistical Geographic Standard (ASGS)
(ASGS 4 or ASGS 5),* and although there are in Victoria,
less than 1% of the Aboriginal population report living
in these areas, compared with the NT where 78.3% of
the Aboriginal population live in remote or very remote
areas.! Given that approximately 34% of the NT adult
Aboriginal population was recruited in some form
for these studies compared with 1% of the Victorian
Aboriginal population, this demonstrates that research
involving remote residing Aboriginal populations is quite
plausible, despite common challenges related to the
transient, under-resourced health workforce in remote
communities.*

Anecdotally, Aboriginal patients with chronic airway
diseases tend to be very symptomatic with shortness of
breath a common presenting symptom; however, we iden-
tified only a single study which exclusively reported on
the Aboriginal patient experience of COPD, and signifi-
cantly more work is needed in this area.” Aboriginal
patients appear to show differing symptoms compared
with non-Aboriginal patients, with a significantly higher
proportion reporting a cough (productive or other-
wise) and fever, while more non-Aboriginal patients
report shortness of breath, chest pain or dizziness during
hospital presentations.40 Both bronchiectasis and asthma
diagnoses appear to be common among those who have
a concurrent diagnosis of COPD, alongside a smoking
history, which may explain some of the difference in
symptoms/ clinical presentation. The high prevalence of
concurrent respiratory comorbidities and smoking is of
particular concern in the accurate diagnosis of chronic
airway diseases, alongside the high proportion of patients
with a productive cough—especially for remote residents
with limited access to advanced imaging and comprehen-
sive PFTs. One study compared the clinical diagnosis of
COPD to spirometric definitions (FEV,/FVC <0.70 or <
lower limit of normal) and found only 74% agreement,48
while another noted approximately 20% of patients had
a FEV /FVC <0.70yet no evidence of airway disease on
radiology.” A clinical diagnosis of COPD may encourage
healthcare workers to prescribe inhaled medication
including corticosteroids, which in the context of a high
burden of bronchiectasis may be deleterious.” Although
DOT appears to provide Aboriginal patients with the
same benefits and outcomes as non-Aboriginal patients,47
qualifying for and receiving DOT is challenging due to
the high prevalence of smoking, and high level of remote-
ness among Aboriginal patients. Currently, evidence on
pharmaceutical interventions and guidelines for COPD
management and outcomes are lacking for Aboriginal
Australians specifically. Furthermore, literature exam-
ining non-pharmaceutical interventions for COPD
management has reported that these interventions are
sparingly implemented, especially among Aboriginal
people living more remotely.64 o5

Patients presenting with bronchiectasis appeared to be
slightly younger than patients presenting with COPD, and
one study identified that bronchiectasis was significantly
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more common among those residing in the remote or
very remote communities than urban areas.” Among the
wider adult non-Aboriginal Australian population, the
true prevalence of bronchiectasis is not exactly known.
The first report of Australian Bronchiectasis Registry
reported data on 589 adults, largely drawn from tertiary
centres, <1% of whom were identified as Aboriginal.66
The exact method of defining bronchiectasis among
Aboriginal patients differed slightly between studies and
regions, with several studies from NT, TEHS including
patients with chest X-ray evidence of bronchiectasis in
the absence of a CT, while most studies from NT, CA
included only patients with CT evidence, and the N. QLD
study used EMRs. These differing definitions are not
surprising, however, as Aboriginal Australians residing
in remote communities have less access to specialised
healthcare such as CT. Hence, health professionals are
reliant on the limited data that are available in the diag-
nosis and management of respiratory conditions in this
population. This could be considered a realistic testament
that differing respiratory disease diagnostic management
pathways should be established by using limited clinical
data in this population, instead of placing reliance on
what is established in non-Indigenous people, which may
not be appropriate or relevant.”

PFT parameters among patients with bronchiectasis
seem to show higher FEV | values compared with patients
with COPD, yet a lower FVC and thus higher FEVI/FVC
ratio (46% vs 51%, 60% vs 54% and 0.58 vs 0.61 for COPD
vs bronchiectasis, respectively), all of which are signifi-
cantly lower when COPD /bronchiectasis coexist. Bron-
chiectasis appears to be more associated with a restrictive
pattern of impairment in this population; however,
significantly reduced values across all PFT parame-
ters, and the lack of Aboriginal specific adult reference
ranges potentially confound this interpretation. Another
concern for the use of spirometry in the setting of a
high burden of chronic lung disease is the validity of the
spirometry’s result. In one study among remote residing
Aboriginal Australians, only 42% of tests were deemed
acceptable for session quality."” The high prevalence of
spirometric abnormalities, and lack of specific guide-
lines for the adult Aboriginal population makes it signifi-
cantly harder to determine if a patient is presenting
with a true restrictive impairment, a true obstructive
impairment or indeed a mixed impairment—each of
which requires different management strategies in day-
to-day clinical decision-making. Due to the high preva-
lence of concurrent COPD and bronchiectasis, it could
be considered as a different phenotypic disease in this
Aboriginal population, especially when inhaled directed
airway pharmacotherapy is considered.*®! Inhaled corti-
costeroids (ICSs) are generally recommended to be used
with caution among patients with bronchiectasis and
COPD." In support of this, one study demonstrated that
the proportion of patients with excessive yearly decline in
FEV, was higher among patients with underlying COPD
and bronchiectasis using 1CS.* Thus, caution needs to be

exercised when considering using ICS in this population
in the management of airway disease—especially when
bronchiectasis has not been excluded. Sputum microbi-
ology among patients with bronchiectasis appears to vary
by geographical location, yet relatively few studies in this
review reported on sputum results, which are vital for
directing appropriate therapeutic interventions.

Estimating the true prevalence of asthma among
the Aboriginal Australian population is difficult due
to confounding factors such as the high prevalence of
underlying COPD or small airway disease,51 the asthma/
COPD overlap68 and the high prevalence of smoking as
observed within these studies. Australia wide, asthma prev-
alence is estimated at 10.7%, and it has been noted that
among adults with asthma, the prevalence of smoking is
higher than among non-smokers (14% vs 10.6%) % 1In the
current study, the overall average prevalence of asthma
identified was 15.4%, although markedly different
methods were used to define asthma within each study.
Furthermore, up to 30% of Aboriginal patients with
COPD had asthma listed as a comorbidity.7 30/39 40 4246 53
One study aimed to break down the prevalence of asthma
(defined as BDR) by excluding patients with radiological
evidence of COPD and bronchiectasis, and those with a
FEVl/FVC <0.70, which resulted in a 5% prevalence as
opposed to the original 16% prevalence identified.*® This
suggests that in up to two-thirds of patients with ‘asthma’,
there may actually be another underlying airway disease
that could mimic asthma, which is supported by similar
evidence among Aboriginal Australian children."
Although BDR may be used to confirm a diagnosis of
asthma, there was significant variation between studies—
ranging from 3.1% to 35.7%.™ *> Common symptoms of
asthma, shortness of breath, cough and wheeze are also
reported in approximately 90%, 20% and 5%, respec-
tively, of Aboriginal patients with COPD.* Taking these
factors together highlights the significant difficulty of
defining ‘asthma’ in this population. Dedicated studies
including spirometry, symptom assessment and radiology
are desperately needed to disentangle asthma from other
significant underlying respiratory disorders in order to
direct appropriate therapeutic interventions.”

This review has highlighted the current literature
evidence of the chronic respiratory health burden among
adult Aboriginal Australians and has demonstrated that
this population has a significant presence of advanced
and complex chronic respiratory conditions contributing
to higher overall morbidity and mortality. Nevertheless,
despite the evidence to suggest Aboriginal Australians
have a higher chronic respiratory disease burden, litera-
ture addressing this is less common compared with what
is reported for non-Aboriginal people. Further ongoing
collaborative efforts are required by relevant organisa-
tions and stakeholders alongside Aboriginal commu-
nities in order to advocate and promote culturally safe
and appropriate prospective research, management
and diagnostic methods for chronic respiratory diseases
in an effort to reduce morbidity and mortality among
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Aboriginal people, not only in Australia, but also globally,
with an ultimate goal to close the respiratory health gap
in this population.

Limitations

This review focused only on literature published in the
last decade and assessed only asthma, bronchiectasis and
COPD. Numerous studies were identified which grouped
COPD/bronchiectasis/asthma together, in addition to
other respiratory conditions and were thus excluded from
this review. Moreover, almost all of the studies were retro-
spective studies with the inherent potential biases associ-
ated, and included patients already in contact with the
health system for a respiratory condition. Furthermore,
most studies were also cross-sectional in nature, and
several of those, which included longitudinal follow-up,
did so only for a limited timeframe. Finally, the majority
of studies originated in the NT, and several studies incor-
porated patients from an overlapping sampling pool,
limiting discretion and the strength of observations for
the entire Aboriginal Australian population. Neverthe-
less, this study provides much needed insights into the
most common respiratory disorders; asthma, bronchiec-
tasis and COPD in adult Aboriginal Australians and could
be considered as a steppingstone forward for future
research.

CONCLUSION

This review has shown a high prevalence of asthma, bron-
chiectasis and COPD, alongside markedly reduced lung
function parameters. There are significant differences
in prevalence of chronic respiratory diseases and their
outcomes across states/territories of Australia, likely
underpinned by differing levels of remoteness and access
to healthcare, housing conditions, smoking rates and
rates of other endemic infections such as HTLV-1. Of
concern is the lack of diagnostic and management guide-
lines for respiratory diseases among Aboriginal Austral-
ians, as well as the lack of normative values on spirom-
etry where currently up to 90% of ‘healthy’ patients may
record abnormal findings, which may lead to unneces-
sary or therapeutic interventions, and increased health-
care costs. Therefore, robust efforts are required in order
to establish diagnostic and management strategies incor-
porating the best use of limited resources to reduce the
morbidity and mortality related to respiratory disorders
among adult Aboriginal Australians.
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