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ABSTRACT
Objective  To examine airway inflammatory cell profiles 
in Indigenous Australian adults with asthma and chronic 
obstructive pulmonary disease (COPD).
Design/setting  A retrospective, cross-sectional study on 
data from a tertiary referral respiratory outpatient clinic.
Participants  Indigenous (n=23) and non-Indigenous 
(n=71) adults were matched according to diagnosis, 
gender and age to the ratio of 1:3.
Main outcome measures  Participants were defined by 
self-determined identification as Indigenous (Aboriginal) 
or non-Indigenous. A relevant history was taken, and lung 
function was measured by spirometry. In those with a 
diagnosis of asthma, symptom control was assessed by 
the Asthma Control Questionnaire, six items (ACQ6). In 
those with a diagnosis of COPD, symptoms were assessed 
by the COPD assessment test (CAT). Airway cell counts 
were obtained in all groups from bronchial lavage (BL) cell 
count.
Results  Lung function and inhaled corticosteroid dose 
were similar between groups. Current smoking was 
three times more common in Indigenous people (35%) 
compared with non-Indigenous people (12%, p=0.009). 
In participants with asthma, ACQ6 scores were similar 
between Indigenous and non-Indigenous participants with 
asthma. In those with COPD, Indigenous participants had 
significantly higher total CAT scores as well as scores for 
cough and sputum with a score indicating a high impact on 
quality of life (CAT score ≥14, 85%–25%, p=0.017). There 
was no difference in BL cell differential counts.
Conclusions  Indigenous people with COPD had higher 
smoking rates, worsened CAT scores and more symptoms 
of cough and sputum production. There were no 
differences between the groups in airway inflammation, 
but neutrophilic inflammation was associated with poorly-
controlled asthma.

INTRODUCTION
Asthma is a common inflammatory airway 
disease in Australia and affects 11% of the 
total population.1 However, the prevalence, 
hospitalisation rate and mortality from 
asthma in Indigenous populations are twice 
that seen in non-Indigenous populations.2 3 

One explanation of this may be an increased 
early exposure to tobacco smoke in Indige-
nous households. Indigenous children are 
twice as likely to live in smoking households 
(63%) compared with non-Indigenous chil-
dren (32%) and frequent respiratory infec-
tions among Indigenous children correlate 
with significantly decreased forced expiratory 
volume in 1 second (FEV1) and FEV1/forced 
vital capacity (FVC).4–6 While asthma preva-
lence decreases in non-Indigenous individ-
uals over the life course, asthma prevalence 
and severity increase with age in Indigenous 
adults. The reasons are uncertain but may be 
associated with comorbidities, lifestyle risk 
factors and socioeconomic disadvantage.7 8

Chronic obstructive pulmonary disease 
(COPD) affects 5% of Australians over the 
age of 45 years old, 30% of adults aged more 
than 75 years of age and in 2018 was the fifth-
leading cause of death.2 Indigenous Austra-
lians are 2.3 times more likely to have COPD, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Chronic inflammatory airway diseases are more se-
vere in Indigenous Australians, yet detailed charac-
teristics on these conditions are limited.

WHAT THIS STUDY ADDS
	⇒ Indigenous Australians with chronic obstructive pul-
monary disease (COPD) were more likely to smoke, 
had higher COPD assessment test scores and expe-
rienced more severe symptoms of cough and spu-
tum, suggesting a chronic bronchitis phenotype. No 
significant differences in inflammatory profiles were 
found.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This pilot study underscores the need for further re-
search into airway disease phenotypes in Indigenous 
populations to allow for targeted treatment.
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5 times more likely to be hospitalised and 2.7 times more 
likely to die from COPD than non-Indigenous Austra-
lians.9 Smoking is a major risk factor for COPD devel-
opment and increased severity of COPD, and increased 
smoking rates in Indigenous populations have been asso-
ciated with poorer disease outcomes.4 6

Asthma and COPD are complex airway diseases 
that are increasingly recognised to be characterised by 
heterogeneous inflammatory profiles which manifest in 
a range of clinical phenotypes, many of which are refrac-
tory to standard treatments.10 Stratification of patients 
into subgroups based on the dominance of eosino-
philic/neutrophilic inflammation in the airway has been 
demonstrated to greatly improve targeted treatment 
outcomes.11 12 While inflammatory cell profiles in airway 
disease have been well characterised in the general popu-
lation, little is known about patterns of airway inflamma-
tion and clinical severity in Indigenous Australians.13 14 In 
addition to characterising clinical symptoms and airway 
inflammatory cell profiles in adult Indigenous Australians 
with asthma and COPD, our study sought to investigate 
the relationship between disease severity and functional 
impact.

METHODS
Participants
This study used a database of participants recruited 
from a respiratory outpatient clinic in the John Hunter 
Hospital, a tertiary referral centre and teaching hospital 
in Newcastle, New South Wales. Indigenous (n=23) 
and non-Indigenous participants (n=71) were identi-
fied using the Clinical Applications Portal. Participants 
with asthma (n=51) were defined by a physician’s diag-
nosis along with evidence of variable airway obstruc-
tion or bronchial hyper-responsiveness. Variable airway 
obstruction was defined as a change in FEV1 of ≥12% or 
200 mL after 400 µg of salbutamol. Bronchial hyper-
responsiveness was defined as at least a ≥15% decline in 
FEV1 after bronchial provocation with 4.5% saline solu-
tion.15 Those with COPD (n=49) had a physician’s diag-
nosis in combination with a postbronchodilator FEV1 of 
less than 80% of the predicted value and/or a postbro-
nchodilator FEV1/FVC less than 70%. Participants with 
both asthma and COPD diagnoses were also included in 
this study. No participants had a history of respiratory 
tract infection in the 4 weeks prior to bronchial lavage 
(BL) collection.

All participants who were undergoing bronchoscopy 
for clinical indications were approached to consent to 
have their BL collected and access to their clinical data 
provided for assessment. We included data from all 
Indigenous participants and then matched these with 
data from individuals who had consented to participate 
and had stated that they did not identify as Aboriginal or 
Torres Strait Islander. Matching was by age (to within 5 
years), gender and respiratory condition.

Patient and public involvement
This study design and aim were discussed and formu-
lated as part of Aboriginal outreach respiratory clinics in 
the Pius X Aboriginal Corporation in Moree, NSW and 
the Winanga-li Aboriginal Child and Family Centre in 
Narrabri, NSW.

Study design
This was a retrospective, cross-sectional exploratory study 
based on primary data collected from a tertiary respira-
tory centre. Data used for this study were age, gender, 
Indigenous identification, disease status (asthma, COPD 
and/or bronchiectasis), spirometry, smoking status, BL 
cell count, COPD Assessment Test (CAT) score and the 
six-item Asthma Control Questionnaire (ACQ) score.16 17 
Data collected, in particular BL results, CAT and ACQ 
scores, are varied dependent on data collected at that 
time. Indigenous and non-Indigenous participants were 
matched according to diagnosis, gender and age group 
to the ratio of 1:3.

Spirometry and bronchoscopy
Spirometry was performed according to American 
Thoracic Society guidelines,18 without withholding usual 
medications on the day of the test. Percentage predicted 
for FEV1 and FVC was calculated using The Third 
National Health and Nutrition Examination Survey.19 
Subjects were recruited at the time of clinical bronchos-
copy. These patients had stable symptoms and respiratory 
disease, with no history of an acute worsening of their clin-
ical condition and no history of acute infective symptoms 
within 6 weeks of their bronchoscopy. Flexible bronchos-
copy was performed in stable participants to obtain BL 
by wedging into the bronchus of the right middle lobe or 
lingula and lavaging with 40 mL of sterile normal saline. 
Participants whose lung disease was not stable enough to 
undergo BL, or did not consent to BL, did not have cell 
counts collected, accounting for missing cell count data 
(n=5). BL was filtered and total cell count and viability 
were measured. BL was then centrifuged, and the cell 
pellet was resuspended in phosphate-buffered saline to 
the concentration of 1×106 /mL and cellular cytospins 
prepared by adding 70 µL cell suspension into a cytospin 
bucket and centrifugation at 500× g. The cytospins were 
stained with May-Grünwald Giemsa (Beckman Coulter, 
Brea, California, USA) and differential cell count of 400 
non-squamous cells was performed.

Asthma and COPD assessment
The ACQ6 was used to characterise the control, severity 
and frequency of exacerbation in participants, with an 
ACQ total of >1.5 indicating poorly controlled asthma.20 
The CAT was used to measure the impact of COPD symp-
toms (cough, sputum, chest tightness and dyspnoea) on 
health status.16 Questions 1 and 2 of the CAT, comprising 
cough frequency and mucus presence, were compiled to 
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represent the presence of chronic bronchitis.21 Due to 
the retrospective nature of the study, some participants 
did not have CAT or ACQ data collected.

Statistical analysis
Data were analysed using Stata software V.11 (StataCorp) 
and subgroup analysis was performed using R V.1.4.1 
(R Core Team, Vienna, Austria). Results are reported as 
mean (SD) or median (IQR), unless otherwise stated. 
Continuous measures were analysed with a two-sample 
Wilcoxon’s rank-sum test or t-test. Categorical data were 
analysed using Fisher’s exact test. Spearman correlation 
coefficients were calculated for the association between 
pack-years and eosinophil count, pack-years and CAT 
score, and CAT score and inflammatory cell count. A 
p<0.05 is taken as statistically significant.

RESULTS
Clinical characteristics
Both Indigenous and non-Indigenous participants were 
similar in age (median age 61, IQR 47–68 and 50–68 
respectively), inhaled corticosteroid (ICS) dose, pres-
ence of COPD (table  1) Indigenous adults more likely 
to be current smokers in comparison to non-Indigenous 
adults, 34.78% and 11.27%, respectively (p=0.009). In 
those with a diagnosis of asthma, there was no difference 
in the mean asthma control score (table  1). However, 
there was a higher proportion of Indigenous patients 
whose ACQ scores indicated a greater risk of exacerba-
tion (ACQ6>1.5, table 1).20

CAT scores in COPD
Indigenous participants with COPD had a significantly 
higher total CAT score and a higher proportion of 
participants with a total score of 14 or more, indicating 
a greater impact on daily quality of life and heightened 
risk of an exacerbation (table  2). Indigenous partici-
pants with COPD were significantly more likely to rate 
their mucus symptoms as worse on the CAT (2.7–1.25, 
respectively, p=0.014), while rating household activity 
limitation higher and daily energy level lower on the CAT 
than non-Indigenous participants; however, this did not 
achieve statistical significance. All Indigenous patients 
with COPD included in this study could be considered 
to have chronic bronchitis based on the CAT score ques-
tionnaire (table 2).21

BL inflammatory cell counts
Inflammatory cell counts were similar between Indige-
nous and non-Indigenous participants (table 3).

Associations between clinical and inflammatory outcome 
variables
There was a significant negative correlation between the 
number of pack-years and eosinophil proportion in the 
total cohort (p=0.0055, Spearman’s r=−0.3662) (figure 1). 
No associations were found between pack-years and any 
other inflammatory cell count.

There was a significant negative correlation between 
CAT score and lymphocyte count in Indigenous 
participants (p=0.037, Spearman r=−0.90) (figure  2). 

Table 1  Clinical characteristics of Indigenous and non-Indigenous participants with inflammatory airways disease

Indigenous Non-Indigenous P value

23 71

Age, median (q1, q3) 61 (47, 68) 61 (50, 68) 0.898

COPD n (%) 12 (52.2) 37 (52.1) 0.593

Asthma n (%) 13 (56.5) 38 (53.5) 0.497

Males n (%) 10 (43.48) 35 (49.30) 0.404

Current smokers, n (%) 8 (34.8) 8 (11.7) 0.009

Never smokers n (%) 6 (26.1) 25 (35.2) 0.419

Ex-smokers n (%) 9 (39.1) 38 (53.5) 0.230

Pack-years median (q1, q3) 25 (0, 50) 12.5 (0, 37.5) 0.272

FEV1% predicted 85 (56, 90) 79 (58, 87) 0.481

FEV1/FVC median (variance) 69 (56, 74) 68 (57, 76) 0.902

Taking ICS n (%) 16 (69.6) 51 (71.83) 0.515

ICS dose, beclomethasone equivalent dose median 800 (0, 2000) 1000 (0, 2000) 0.542

Asthma only

 � n 8 23

 � ACQ6 mean score, median (q1, q3) 1.75 (0.94, 2.65) 1.33 (1.00, 2.10) 0.469

 � ACQ6>1.5 n (%) 5 (62.5) 10 (43.5) 0.303

ACQ6, Asthma Control Questionnaire, 6 items; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, 
forced vital capacity; ICS, inhaled corticosteroid.
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However, there was no significant correlation found 
in non-Indigenous participants (p=0.961, Spearman 
r=0.016). There were no significant correlations found 
between CAT score and any other inflammatory cell 
count.

Neutrophilic inflammation was associated with poorly 
controlled asthma (ACQ5 total >1.5) (z=2.717, p=0.007) 
in both Indigenous and non-Indigenous participants 
(z=1.938, p=0.053 and z=2.44, p=0.015, respectively). 
There was no significant association between eosinophilic 
inflammation and poorly controlled asthma (z=−1.475, 
p=0.14).

There was no significant difference in eosinophil count 
between patients taking ICSs between Indigenous partici-
pants and non-Indigenous participants (p=0.888).

DISCUSSION
In this observational cohort, Aboriginal adults with 
asthma or COPD were three times more likely to be 
current smokers, and if diagnosed with COPD, had 
more severe symptoms of cough and sputum production 
contributing to an overall significantly higher CAT score, 
with a greater proportion experiencing a high impact on 
quality of life than that of non-Indigenous Australians.

We found a significant difference in the CAT score ≥14, 
indicating that Indigenous people perceived the impact 
of their COPD to be worse and were three times more 
likely to have an exacerbation in the next 12 months than 
non-Indigenous people. Factors that can increase the 
chance of exacerbation of COPD are current smoking22 
and increased mucus production,23 both of which were 

Table 2  COPD characteristics in Indigenous and non-Indigenous participants

Indigenous Non-Indigenous P value

n 7 12

Total score 21 (17, 22) 12.5 (10.5, 14.5) 0.025

Total score ≥14 6 (85.7) 3 (25.0) 0.017

Presence of chronic bronchitis* 6 (100%) 5 (55.6%) 0.162

Individual questions

 � Q1 cough frequency 2.1 (0.69) 1.5 (1.24) 0.175

 � Q2 mucus presence 2.7 (1.11) 1.25 (1.13) 0.014

 � Q3 chest tightness 1.71 (1.11) 1.33 (1.44) 0.555

 � Q4 exercise limitation by breathlessness 3.29 (1.89) 2.92 (1.56) 0.651

 � Q5 household activity limitations from breathlessness 3.00 (1.41) 2.00 (0.41) 0.155

 � Q6 confidence leaving home 1.14 (1.21) 0.42 (0.90) 0.154

 � Q7 sleep quality 1.43 (1.40) 1.08 (1.24) 0.583

 � Q8 energy rating 3.14 (1.46) 2.5 (0.90) 0.250

*Chronic bronchitis: CAT Q1+Q2≥3.
CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease.

Table 3  Inflammatory cell count in Indigenous and non-Indigenous participants with inflammatory airways disease

Indigenous Non-Indigenous P value

n 18 69

Total cells (×106/mL) 0.16 (0.09, 0.53) 0.23 (0.10, 0.73) 0.888

Viability, % 89.02 (56.00, 98.40) 81.82 (60.00, 92.00) 0.269

Neutrophils, % 64.00 (47.75, 86.00) 53.25 (28.75, 82.75) 0.222

Eosinophils, % 1.50 (0.60, 2.25) 1.50 (0.50, 3.75) 0.753

Eosinophil count ≥3%, % 4 (26.7%) 16 (31.4%) 0.941

Macrophages, % 23.63 (10.75, 38.25) 20.00 (9.50, 49.00) 0.846

Lymphocytes, % 1.00 (0.25,2.50) 0.25 (0.00, 1.25) 0.133

Columnar epithelial cells, % 1.88 (0.75, 5.75) 3.75 (0.75, 12.00) 0.434

Presence of pathogen, n (%)* 6 (40.0) 17 (36.2) 0.510

*Pathogens: Haemophilus influenzae, Neisseria meningitidis, Acinetobacter baumannii, Staphylococcus aureus, Streptococcus pneumonia, 
Aspergillus fumigatus, Achromobacter, Candida species, Serratia marcescens.

B
M

J O
pen R

espiratory R
esearch: first published as 10.1136/bm

jresp-2024-002619 on 22 F
ebruary 2025. D

ow
nloaded from

 https://bm
jopenrespres.bm

j.com
 on 24 F

ebruary 2025 by guest. P
rotected by copyright,

 including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.



Young N, et al. BMJ Open Respir Res 2025;12:e002619. doi:10.1136/bmjresp-2024-002619 5

Open access

higher in Indigenous participants in this study. In the 
context of COPD, the presence of chronic bronchitis is 
closely associated with current smoking status and is also 
associated with worse quality of life and more frequent 
exacerbations.24 These outcomes have also been linked 

in population studies to increased mortality associated 
with COPD.25 Smoking is known to increase mucus 
production in airways in pulmonary disease,26 which 
may account for more Indigenous participants reporting 
increased mucus production.

Figure 1  A correlation plot of smoking pack-years and bronchial lavage eosinophil proportion in the total cohort. The 
smoking pack-year history is marked on the x-axis and eosinophil proportion is marked on the y-axis. Each point represents 
one patient.

Figure 2  Total COPD Assessment Test (CAT) score and bronchial lavage cell proportion for Indigenous participants. CAT 
scores are represented on the y-axis and bronchial lavage cell proportion is marked on the x-axis. Each point represents one 
patient. COPD, chronic obstructive pulmonary disease.
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While differences in current smoking status could 
contribute to the increased symptoms, there may be a 
more complex interplay of factors, including socioeco-
nomic and genetic factors, that worsen symptoms in 
Indigenous participants, which was not within the scope 
of this study. These might include recurrent respiratory 
infections26 27 and comorbidities such as cardiovascular 
diseases with similar symptoms of dyspnoea.6 8 Socioeco-
nomic factors such as rurality6 28 29 and poor access to 
regular, culturally appropriate29 30 healthcare may also 
have an impact. Our data supports previous studies which 
have observed increased first and secondhand smoking 
in Indigenous adults with asthma and COPD.6 8 We also 
found that the number of pack-years was positively associ-
ated with CAT scores in Indigenous participants, linking 
the number of cigarettes smoked to worsened COPD 
symptom severity.

We found that all Indigenous participants in our study 
could be considered to have chronic bronchitis, based 
on symptomatic burden from cough and mucus produc-
tion, whereas a reduced proportion of non-Indigenous 
participants appeared to have chronic bronchitis (6/6 
compared with 5/12, p=0.163). While we have a small 
cohort, these findings are consistent with a disease 
phenotype of COPD that would be expected to lead to 
worse long-term disease outcomes in Indigenous Austra-
lians.24 25

In contrast to what we saw in COPD, there were no 
clear differences detected between Indigenous and non-
Indigenous people with asthma as assessed by the ACQ6. 
There were relatively more Indigenous active smokers 
with asthma and a trend to poorer asthma control, but 
these differences were not significant. This may reflect 
our small numbers, and the ACQ does not focus as much 
on the presence of cough and sputum as the CAT does.

While there were no differences observed in BL cell 
counts, we observed that neutrophilic inflammation 
was associated with poorly controlled asthma in both 
Indigenous and non-Indigenous participants. We had 
hypothesised that neutrophilia may be more common 
in Indigenous Australians due to their increased expo-
sure to recurring infection and cigarette smoke, but 
this was not the case in our study. One limitation was 
our relatively small sample size, restricted by the size of 
recruited Indigenous subjects who had undergone bron-
choscopy. A strength was that participants were age and 
sex matched. Larger prospective studies are needed to 
examine this further. No differences in the prevalence 
of chronic infection with pathogenic microorganisms 
were observed between the groups. This is in keeping 
with there being no differences in airway neutrophils. 
However, our sample size was relatively small to draw any 
clear conclusion. Future studies with a larger sample size 
and using more sensitive non-culture-based approaches 
that assess the airway microbiome may assist in a greater 
understanding.

Previous research has demonstrated a possible link 
between eosinophilic inflammation in smokers with 

COPD.31–34 Previous studies have suggested current 
smoking in COPD may decrease airway eosinophilic 
inflammation compared with former smokers with 
COPD;32 33 however, the association between pack-year 
smoking history and eosinophilic inflammation has 
not been assessed. This possible association between 
pack-year history and eosinophilia would be a topic for 
further research to aid further in identifying patients at 
higher risk for eosinophilic inflammation to then target 
treatments.

This is the only study to look for differences in BL 
cell counts in adults with chronic inflammatory airways 
disease and who identify as Indigenous Australians and 
to compare these results with non-Indigenous Austra-
lians. There have been studies relating to inflammatory 
airways disease in rural and remote Aboriginal Australian 
settings,6 28 35 while our study is one of the few conducted 
in regional NSW.

Limitations
There were fewer data available for Indigenous partici-
pants than non-Indigenous participants, and a larger 
sample size would allow for stratification into larger 
subgroups, allowing further comparison of inflammatory 
cells between Indigenous and non-Indigenous adults 
with different diagnoses of asthma and COPD. Our study 
did not include whether participants were involved in 
other non-pharmacological treatments such as cardio-
pulmonary rehabilitation, which has been shown to be 
effective in Aboriginal and Torres Strait Islander people 
with cardiopulmonary diseases.36 It would be valuable 
to assess the role and nature of airway inflammation in 
younger populations, with larger sample sizes that could 
assess non-invasive biomarkers of airway inflammation 
that have now been established to clinically phenotype 
people with asthma, blood eosinophils and exhaled nitric 
oxide.

In addition, predictive values used for FEV1 and FVC 
were based on non-racially corrected values. This may 
have influenced an overestimation or underestimation 
of airway obstruction severity in Aboriginal and Torres 
Strait Islander adults in our cohort. However, there are 
no currently agreed on predicted values for Aboriginal 
and Torres Strait Islander people. Further research is 
required in this area; however, that is beyond the scope 
of this manuscript.

The design of the study also has limitations in the 
ability to draw conclusions of aetiology or pathogenesis 
of disease, and as such, it would be valuable to conduct 
further research designed to further examine inflamma-
tory airways disease in Indigenous Australians.

CONCLUSIONS
Indigenous Australians with COPD were more likely to be 
smokers, had higher overall CAT scores and more severe 
symptoms of cough and sputum. These factors may relate 
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to a chronic bronchitis phenotype associated with worse 
long-term outcomes.

We were unable to detect any differences in those with 
a diagnosis but are likely to have been hampered by our 
small sample size. We did not find significant differences 
in the BL inflammatory profile between Indigenous 
and non-Indigenous participants, though it demon-
strated that neutrophilic inflammation is associated with 
poorly controlled asthma, supporting the findings from 
previous studies.37–39 This study, as a pilot study of airway 
inflammatory phenotypes in Indigenous adults with 
chronic airways disease, demonstrates there is still much 
to explore in future studies.

Author affiliations
1Hunter New England Local Health District, New Lambton, Newcastle, 
Australia
2Royal Australian College of General Practitioners, Sydney, New South Wales, 
Australia
3Central Coast Local Health District, Gosford, New South Wales, Australia
4Critical Care, Hunter New England Local Health District, New Lambton, New 
South Wales, Australia
5South Metro Local Health District, Perth, Western Australia, Australia
6School of Medicine and Public Health, School of Biomedical Sciences 
and Pharmacy, The University of Newcastle, Newcastle, New South Wales, 
Australia
7Priority Research Centre for Healthy Lungs, University of Newcastle Hunter 
Medical Research Institute, New Lambton, New South Wales, Australia
8Immunology, Respiratory Medicine, Monash University Faculty of Medicine 
Nursing and Health Sciences, Prahran, Victoria, Australia
9Allergy, Immunology and Respiratory Medicine, Alfred Health, Melbourne, 
Victoria, Australia

Contributors  NY, WC, SC, ALL, JS and PABW worked in conception, design, 
analysis and interpretation of work, drafting of work. JS and PABW worked in 
acquisition of data and supervision of project. NY, WC, SG, JS and PABW worked 
in substantial revision of work. All authors agreed to be accountable for their 
contributions in this work and approved the submitted version of this work. Author 
NY is the guarantor of this work.

Funding  This work was supported by the Ikara Flinders Ranges Challenges (Grant 
G2000252).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved 
by Hunter New England Human Research Ethics Committee (Reference no. 
15/03/18/3.04) and The University of Newcastle (H-2015-0147). Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available on reasonable request. 
Deidentified data will be made available on reasonable request to the 
corresponding author.

Open access  This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the 
original work is properly cited, appropriate credit is given, any changes made 
indicated, and the use is non-commercial. See: http://creativecommons.org/​
licenses/by-nc/4.0/.

ORCID iDs
Nick Young http://orcid.org/0009-0002-7090-0453
Peter A B Wark http://orcid.org/0000-0001-5676-6126

REFERENCES
	 1	 Australian Bureau of Statistics. National Health Survey: First Results. 

Canberra: ABS, 2014.
	 2	 Australian Institute of Health and Welfare. Australian burden 

of disease study: impact and causes of illness and death in 
Aboriginal and Torres Strait Islander people 2011. Canberra, ACT, 
2016.

	 3	 Australian Institute of Health and Welfare. Asthma snapshot 2018. 
Canberra, ACT, 2019.

	 4	 Valery PC, Chang AB, Shibasaki S, et al. High prevalence of asthma 
in five remote indigenous communities in Australia. Eur Respir J 
2001;17:1089–96. 

	 5	 Musk AWB, James AL, Palmer LJ, et al. Respiratory infections and 
lung function in an Australian Aboriginal community. Respirology 
2008;13:257–62. 

	 6	 Heraganahally SS, Wasgewatta SL, McNamara K, et al. Chronic 
Obstructive Pulmonary Disease In Aboriginal Patients Of The 
Northern Territory Of Australia: A Landscape Perspective. Int J 
Chron Obstruct Pulmon Dis 2019;14:2205–17. 

	 7	 Cunningham J. Socioeconomic status and self-reported asthma 
in Indigenous and non-Indigenous Australian adults aged 18-
64 years: analysis of national survey data. Int J Equity Health 
2010;9:18. 

	 8	 Jenkins CR, Chang AB, Poulos LM, et al. Asthma in Indigenous 
Australians: so much yet to do for Indigenous lung health. Med J 
Aust 2009;190:530–1. 

	 9	 Australian Institute of Health and Welfare. Coronary heart disease 
and chronic obstructive pulmonary disease in indigenous 
australians. Canberra, ACT, 2014.

	10	 Wenzel SE. Asthma phenotypes: the evolution from clinical to 
molecular approaches. Nat Med 2012;18:716–25. 

	11	 Duszyk K, McLoughlin RF, Gibson PG, et al. The use of treatable 
traits to address COPD complexity and heterogeneity and to inform 
the care. Breathe (Sheff) 2021;17:210118. 

	12	 Salter B, Lacy P, Mukherjee M. Biologics in Asthma: A 
Molecular Perspective to Precision Medicine. Front Pharmacol 
2021;12:793409. 

	13	 Ntontsi P, Loukides S, Bakakos P, et al. Clinical, functional and 
inflammatory characteristics in patients with paucigranulocytic 
stable asthma: Comparison with different sputum phenotypes. 
Allergy 2017;72:1761–7. 

	14	 Simpson JL, Scott R, Boyle MJ, et al. Inflammatory subtypes in 
asthma: assessment and identification using induced sputum. 
Respirology 2006;11:54–61. 

	15	 National Asthma Council Australia. Australian Asthma Handbook, 
Version 1.1. Melbourne: National Asthma Council Australia, 2015. 
Available: http://www.asthmahandbook.org.au

	16	 Jones PW, Harding G, Berry P, et al. Development and first validation 
of the COPD Assessment Test. Eur Respir J 2009;34:648–54. 

	17	 Juniper EF, O’Byrne PM, Guyatt GH, et al. Development and 
validation of a questionnaire to measure asthma control. Eur 
Respir J 1999;14:902–7. 

	18	 Standardization of Spirometry, 1994 Update. American Thoracic 
Society. Am J Respir Crit Care Med 1994;152:1107–36. 

	19	 Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference 
values from a sample of the general U.S. population. Am J Respir 
Crit Care Med 1999;159:179–87. 

	20	 Juniper EF, Bousquet J, Abetz L, et al. Identifying “well-controlled” 
and “not well-controlled” asthma using the Asthma Control 
Questionnaire. Respir Med 2006;100:616–21. 

	21	 Choi JY, Yoon HK, Lee SY, et al. Comparison of clinical 
characteristics between chronic bronchitis and non-chronic 
bronchitis in patients with chronic obstructive pulmonary disease. 
BMC Pulm Med 2022;22:69. 

	22	 Mantero M, Rogliani P, Di Pasquale M, et al. Acute exacerbations 
of COPD: risk factors for failure and relapse. Int J Chron Obstruct 
Pulmon Dis 2017;12:2687–93. 

	23	 Ramos FL, Krahnke JS, Kim V. Clinical issues of mucus 
accumulation in COPD. Int J Chron Obstruct Pulmon Dis 
2014;9:139–50. 

	24	 Kim V, Zhao H, Boriek AM, et al. Persistent and Newly Developed 
Chronic Bronchitis Are Associated with Worse Outcomes in 
Chronic Obstructive Pulmonary Disease. Ann Am Thorac Soc 
2016;13:1016–25. 

	25	 Henoch I, Ekberg-Jansson A, Löfdahl CG, et al. Early Predictors of 
Mortality in Patients with COPD, in Relation to Respiratory and Non-
Respiratory Causes of Death - A National Register Study. Int J Chron 
Obstruct Pulmon Dis 2020;15:1495–505. 

	26	 Einsiedel L, Spelman T, Goeman E, et al. Clinical associations of 
Human T-Lymphotropic Virus type 1 infection in an indigenous 
Australian population. PLoS Negl Trop Dis 2014;8:e2643. 

B
M

J O
pen R

espiratory R
esearch: first published as 10.1136/bm

jresp-2024-002619 on 22 F
ebruary 2025. D

ow
nloaded from

 https://bm
jopenrespres.bm

j.com
 on 24 F

ebruary 2025 by guest. P
rotected by copyright,

 including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0002-7090-0453
http://orcid.org/0000-0001-5676-6126
http://dx.doi.org/10.1183/09031936.01.00099901
http://dx.doi.org/10.1111/j.1440-1843.2007.01221.x
http://dx.doi.org/10.2147/COPD.S213947
http://dx.doi.org/10.2147/COPD.S213947
http://dx.doi.org/10.1186/1475-9276-9-18
http://dx.doi.org/10.5694/j.1326-5377.2009.tb02550.x
http://dx.doi.org/10.5694/j.1326-5377.2009.tb02550.x
http://dx.doi.org/10.1038/nm.2678
http://dx.doi.org/10.1183/20734735.0118-2021
http://dx.doi.org/10.3389/fphar.2021.793409
http://dx.doi.org/10.1111/all.13184
http://dx.doi.org/10.1111/j.1440-1843.2006.00784.x
http://www.asthmahandbook.org.au
http://dx.doi.org/10.1183/09031936.00102509
http://dx.doi.org/10.1034/j.1399-3003.1999.14d29.x
http://dx.doi.org/10.1034/j.1399-3003.1999.14d29.x
http://dx.doi.org/10.1164/ajrccm.152.3.7663792
http://dx.doi.org/10.1164/ajrccm.159.1.9712108
http://dx.doi.org/10.1164/ajrccm.159.1.9712108
http://dx.doi.org/10.1016/j.rmed.2005.08.012
http://dx.doi.org/10.1186/s12890-022-01854-x
http://dx.doi.org/10.2147/COPD.S145253
http://dx.doi.org/10.2147/COPD.S145253
http://dx.doi.org/10.2147/COPD.S38938
http://dx.doi.org/10.1513/AnnalsATS.201512-800OC
http://dx.doi.org/10.2147/COPD.S252709
http://dx.doi.org/10.2147/COPD.S252709
http://dx.doi.org/10.1371/journal.pntd.0002643


8 Young N, et al. BMJ Open Respir Res 2025;12:e002619. doi:10.1136/bmjresp-2024-002619

Open access

	27	 Peat JK, Veale A. Impact and aetiology of respiratory infections, 
asthma and airway disease in Australian Aborigines. J Paediatr Child 
Health 2001;37:108–12. 

	28	 Ansari Z, Dunt D, Dharmage SC. Variations in hospitalizations for 
chronic obstructive pulmonary disease in rural and urban Victoria, 
Australia. Respirology 2007;12:874–80. 

	29	 Aspin C, Brown N, Jowsey T, et al. Strategic approaches to 
enhanced health service delivery for Aboriginal and Torres Strait 
Islander people with chronic illness: a qualitative study. BMC Health 
Serv Res 2012;12:143. 

	30	 Zhao Y, Thomas SL, Guthridge SL, et al. Better health outcomes 
at lower costs: the benefits of primary care utilisation for 
chronic disease management in remote Indigenous communities 
in Australia’s Northern Territory. BMC Health Serv Res 
2014;14:463. 

	31	 Klein DK, Silberbrandt A, Frøssing L, et al. Impact of former 
smoking exposure on airway eosinophilic activation and 
autoimmunity in patients with severe asthma. Eur Respir J 
2022;60:2102446. 

	32	 Beech A, Booth S, Higham A, et al. Current smoking reduces small 
airway eosinophil counts in COPD. ERJ Open Res 2024;10. 

	33	 Maetani T, Tanabe N, Sato A, et al. Association between blood 
eosinophil count and small airway eosinophils in smokers with and 
without COPD. ERJ Open Res 2023;9. 

	34	 Wen Y, Reid DW, Zhang D, et al. Assessment of airway inflammation 
using sputum, BAL, and endobronchial biopsies in current and ex-
smokers with established COPD. Int J Chron Obstruct Pulmon Dis 
2010;5:327–34. 

	35	 Wang Z, Hoy WE. Lifetime risk of hospital diagnosed chronic 
obstructive pulmonary disease in remote Aboriginal people: a cohort 
study. Aust N Z J Public Health 2014;38:340–3. 

	36	 Davey M, Moore W, Walters J. Tasmanian Aborigines step up to 
health: evaluation of a cardiopulmonary rehabilitation and secondary 
prevention program. BMC Health Serv Res 2014;14:349. 

	37	 Shaw DE, Berry MA, Hargadon B, et al. Association between 
neutrophilic airway inflammation and airflow limitation in adults with 
asthma. Chest 2007;132:1871–5. 

	38	 Cox G. Glucocorticoid treatment inhibits apoptosis in human 
neutrophils. J Immunol 1995;154:4719–25. 

	39	 Green RH, Brightling CE, Woltmann G, et al. Analysis of induced 
sputum in adults with asthma: identification of subgroup with 
isolated sputum neutrophilia and poor response to inhaled 
corticosteroids. Thorax 2002;57:875–9. 

B
M

J O
pen R

espiratory R
esearch: first published as 10.1136/bm

jresp-2024-002619 on 22 F
ebruary 2025. D

ow
nloaded from

 https://bm
jopenrespres.bm

j.com
 on 24 F

ebruary 2025 by guest. P
rotected by copyright,

 including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

http://dx.doi.org/10.1046/j.1440-1754.2001.00638.x
http://dx.doi.org/10.1046/j.1440-1754.2001.00638.x
http://dx.doi.org/10.1111/j.1440-1843.2007.01173.x
http://dx.doi.org/10.1186/1472-6963-12-143
http://dx.doi.org/10.1186/1472-6963-12-143
http://dx.doi.org/10.1186/1472-6963-14-463
http://dx.doi.org/10.1183/13993003.02446-2021
http://dx.doi.org/10.1183/23120541.00870-2023
http://dx.doi.org/10.1183/23120541.00235-2023
http://dx.doi.org/10.2147/COPD.S11343
http://dx.doi.org/10.1111/1753-6405.12233
http://dx.doi.org/10.1186/1472-6963-14-349
http://dx.doi.org/10.1378/chest.07-1047
http://dx.doi.org/10.4049/jimmunol.154.9.4719
http://dx.doi.org/10.1136/thorax.57.10.875

	Characterising airway inflammation in Aboriginal and Torres Strait Islander and non-­Aboriginal and Torres Strait Islander adults with asthma and COPD
	Abstract
	Introduction﻿﻿
	Methods
	Participants
	Patient and public involvement
	Study design
	Spirometry and bronchoscopy
	Asthma and COPD assessment
	Statistical analysis

	Results
	Clinical characteristics
	CAT scores in COPD
	BL inflammatory cell counts
	Associations between clinical and inflammatory outcome variables

	Discussion
	Limitations

	Conclusions
	References


