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Background: Among Indigenous Australians, studies examining the clinical significance of airway bronchodilator responsiveness 
(BDR) are limited. In this retrospective study, we examined the nature of underlying lung disease in adult Indigenous patients with 
BDR referred for lung function testing (LFT) in the Top End Health Service region of the Northern Territory of Australia.
Methods: Presence or absence of BDR as per usual (FVC or FEV1 change pre to post ≥12% and ≥0.2L) and updated (2021 “>10% 
predicted) ATS/ERS criteria among Indigenous and non-Indigenous Australians was determined. The radiological findings in the 
Indigenous study participants with and without BDR were next assessed for the presence of underlying chronic airway/lung disease.
Results: We found that 123/742 (17%) Indigenous and 578/4579 (13%) non-Indigenous patients had a significant BDR. Indigenous 
patients with BDR were younger (mean difference 7 years), with a greater proportion of females (52 vs 32%), underweight (15 vs 4%) 
and current smokers (52 vs 25%). Indigenous patients with BDR displayed lower LFT values, and a higher proportion exhibited FVC 
BDR compared to non-Indigenous (34 vs 20%). Almost half (46%) of Indigenous patients with BDR had evidence of COPD and/or 
bronchiectasis on radiology. Adjusting for the presence of radiologic or spirometric evidence of COPD, the presence of BDR was 
similar between Indigenous and non-Indigenous patients (5–8 vs 7–11%), irrespective of which BDR criteria was used.
Conclusion: BDR was higher overall among Indigenous in comparison to non-Indigenous patients; however, a significant proportion 
of Indigenous patients demonstrating BDR had evidence of underlying COPD/bronchiectasis. This study highlights that although 
presence of BDR among Indigenous people may indicate asthma, it may also be observed among patients with COPD/bronchiectasis 
or could represent asthma/COPD/bronchiectasis overlap. Hence, a combination of clinical history, LFT and radiology should be 
considered for precise diagnosis of lung disease in this population.
Keywords: asthma, airway obstruction, first nations, radiology imaging, reversible airflow obstruction, spirometry

Plain Language Summary
Lung function testing (LFT) plays an important role in the clinical diagnosis of chronic respiratory conditions such as asthma, 
chronic obstructive pulmonary disease (COPD) and bronchiectasis. Bronchodilator responsiveness (BDR) may indicate the 
presence of asthma. Self-reported subjective population survey data suggest a higher prevalence of asthma among Indigenous 
Australians in comparison to non-Indigenous Australians. However, objective studies examining bronchial airway hyperreactivity 
among Indigenous people suggest this may not be the case. Indigenous people are known to have a high burden of chronic 
respiratory conditions such as COPD and bronchiectasis. Symptoms related to these conditions are similar to those of asthma. In 

Journal of Asthma and Allergy 2022:15 1305–1319                                                         1305
© 2022 Heraganahally et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Asthma and Allergy                                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 May 2022
Accepted: 9 September 2022
Published: 14 September 2022

http://orcid.org/0000-0003-0788-7137
http://orcid.org/0000-0003-3028-0376
http://orcid.org/0000-0001-8294-0052
http://orcid.org/0000-0002-7477-2965
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


this study, we assessed the presence of BDR in Indigenous and non-Indigenous patients undergoing LFT. Although overall BDR 
was observed to be higher among Indigenous patients in comparison to non-Indigenous patients, a significant proportion of 
Indigenous patients demonstrating BDR also had radiological evidence of underlying COPD and bronchiectasis. Moreover, when 
accounting for the presence of underlying chronic airway diseases such as COPD and bronchiectasis among the Indigenous 
patients, presence of BDR was no higher than non-Indigenous patients. The results of our study indicate BDR observed among both 
Indigenous and non-Indigenous patients could represent presence of asthma, asthma/COPD/bronchiectasis overlap, or could be 
observed among patients with COPD and/or bronchiectasis in isolation. Health professionals caring for Indigenous people with 
BDR should be aware of this.

Introduction
The global prevalence of asthma is estimated to be as high as 18%1 and to disproportionately affect some ethnic and 
socioeconomic groups.1,2 In day-to-day clinical practice, lung function tests (LFT) are often utilised in the accurate 
diagnosis and in the monitoring of chronic airway diseases, including asthma.3 The presence of bronchial airway 
hyperreactivity (AHR) either measured by bronchodilator responsiveness (BDR) on spirometry or by bronchial challenge 
testing with agents (eg, mannitol, histamine, metacholine) is the physiological “sine qua non” for asthma diagnosis.3,4 

A diagnosis of asthma requires demonstration of AHR/BDR and a compatible clinical history that includes cough, 
wheeze, chest tightness and variable shortness of breath on exertion.3

In Australia, among the adult Indigenous population, previous reports have demonstrated that a self-reported prevalence 
of current or past asthma could be up to 16–27% (more so among older Indigenous adults), implying the prevalence of 
asthma in the Indigenous population is approximately 1.6 times higher than that found in the non-Indigenous Australian 
population.5,6 It should be emphasised, however, that these conclusions have been drawn from self-reported symptom- 
based surveys without the support of objective measures of AHR/BDR.5,6 In a population with a high prevalence of 
pulmonary diseases other than asthma, such as chronic obstructive pulmonary disease (COPD) and bronchiectasis, along-
side a high prevalence of smoking,7–12 it is possible that self-reported asthma surveys could overestimate the prevalence of 
asthma.13,14 Moreover, the clinical symptoms of asthma (cough, wheezing, chest tightness and shortness of breath) are also 
very similar to other chronic respiratory conditions such as COPD and bronchiectasis.15,16 The few studies of AHR and 
wheezing performed among Indigenous Australians have not found a “high” prevalence of asthma.17,18 Indeed, a 2004 
systematic review assessing asthma in the Indigenous Australian population concluded that there is a low level of hierarchy 
of evidence in the published literature (hierarchy level 1a to 3b=0 level of evidence).19 To complicate epidemiological 
studies of asthma is the fact that patients with a primary diagnosis of COPD or bronchiectasis may also have AHR,20–22 or 
presence of asthma/COPD overlap,23,24 and association of bronchiectasis with asthma.25

In the Northern Territory (NT) of Australia, approximately 30% of the population self-identify as Indigenous 
Australians, the highest proportion compared to all other Australian states and territories.26 Moreover, the Indigenous 
population residing in the Top End Health Service (TEHS) region of the NT of Australia are observed to have a high 
burden of chronic airway diseases, in particular, presence of COPD and bronchiectasis.7–11 Assessing LFT results, in 
particular for the presence of BDR, alongside radiology where available for patients would enable us to determine if the 
observed BDR is related to asthma, COPD or bronchiectasis, or due to an overlap of these concurrent respiratory 
conditions. Therefore, in this study, we aimed to characterise the nature of lung diseases with BDR amongst Indigenous 
people referred for LFT in our TEHS region over an eight-year period, in comparison to non-Indigenous people tested 
during the same period.

Methods
Study Setting
This study was conducted at the Respiratory and Sleep service based at the Royal Darwin hospital and Darwin private 
hospital in the TEHS region of the NT. The respiratory and sleep service visits around 20 remote Indigenous commu-
nities two to three times a year, providing respiratory outreach care for most Indigenous people in the TEHS region. 
Performing LFTs is a part of this service.7,27
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Study Participants
The study participants were patients residing in the TEHS region who had undergone LFTs between 2012 and 2020. Also 
included were datasets from previously published studies of this region. These data sets included Indigenous and non- 
Indigenous people.28–33 Patients were referred for LFTs by primary health practitioners, respiratory specialists, and other 
specialist physicians, as a part of routine clinical care.

Inclusion Criteria
All patients aged 18 and above, both Indigenous and non-Indigenous who were identified to have had LFT which were 
graded as acceptable and reproducible for session quality, and were assessed for BDR during the study period were included.

Lung Function Tests and Radiology
All LFTs were performed according to the 2005-American thoracic society/European respiratory society (ATS/ERS) 
guidelines34 using a “EasyOne Pro®, (ndd Medical Technologies Inc. Zurich, Switzerland) spirometer and carbon 
monoxide diffusing capacity (DLCO) analyser.35 When feasible, all patients undergoing spirometry were asked to refrain 
from smoking for two to four hours prior to testing, and to avoid using airway directed inhaled pharmacotherapy for 12– 
24 hours. BDR was assessed 15–20 minutes after inhalation of 400 µg of salbutamol via a spacer.36,37 In the absence of 
validated spirometry reference norms, lung function for Indigenous study participants was assessed using third National 
health and nutrition examination survey regression equations (“other ethnicity”) during this study period.38 Further 
details in relation to LFTs are available from our previous reports.27,28 For patients who had undergone multiple LFTs, 
the first/earliest test that was acceptable for session quality was utilised. In order to define presence or absence of 
radiological evidence of underlying COPD and/or bronchiectasis, the reports from patients who had undergone radiology 
were reviewed. COPD/bronchiectasis was considered present if the reporting radiologist had noted the presence of either 
in their report.

Airflow Obstruction and BDR Definitions
The following spirometry criteria for BDR following administration of bronchodilator and for airflow obstruction (AO) 
were utilised.1,36,37,39,40

1. Presence of BDR was assessed by traditional criteria: Forced expiratory volume in one second (FEV1) change pre- to 
post-BD of ≥12% and ≥0.2L and/or Forced vital capacity (FVC) change pre- to post-BD of ≥12% and ≥0.2L.1,3,39–42

2. Presence of AO: post-BD FEV1/FVC ≤0.7.36

Indigenous Specific Sub-Group Analysis
In view of previous studies demonstrating a high prevalence of COPD and bronchiectasis amongst Indigenous 
Australians,7–11 a sub-set analysis of all Indigenous participants with BDR was undertaken to determine if there was 
radiological [Chest x-ray or chest computed tomography (CT) scan] evidence of COPD or bronchiectasis.

The following parameters were applied to classify airway disease among Indigenous study participants demonstrat-
ing BDR.

1. Presence of “potential asthma” was considered if the study patients demonstrated BDR3 in the absence of evidence 
of either COPD or bronchiectasis on radiology.

2. Presence of COPD was determined if the radiology demonstrated evidence of COPD, in particular presence of 
emphysema or bullous disease43 and spirometry demonstrating evidence of AO consistent with COPD [Global 
initiative for chronic obstructive lung disease] (GOLD) criteria - post-BD FEV1/FVC ratio <0.7).36

3. Presence of bronchiectasis was determined if the radiology showed evidence of bronchiectasis.44
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Sub-Analysis for BDR >10% Predicted as per ATS/ERS 2021 Recommendation
In light of the recently updated guidelines for BDR (FEV1 and/or FVC predicted value change pre- to post-BD of >10% 
predicted),45 we conducted a further sub-set analysis within this study to assess the prevalence of BDR and prevalence of 
radiological abnormalities among Indigenous patients who fit this criterion.

Statistical Analysis
Clinical parameters were tested for normality via the Shapiro Wilks distribution test, with age, height, weight, body mass 
index (BMI) and smoking pack years displaying a non-parametric distribution, thus displayed as medians (interquartile 
ranges (IQR)) while lung function parameters (LFPs) were presented as means (95% confidence intervals (CIs)). Clinical 
characteristics were compared between Indigenous and non-Indigenous groups by Kruskal–Wallis rank test for non- 
parametrically distributed parameters and 2-tailed proportions z-test for categorical parameters for both the overall 
cohort, and the groups who displayed BDR. Clinical characteristics were also compared between BDR and non-BDR 
groups in the same fashion for Indigenous and non-Indigenous patients, respectively. LFPs were compared between 
Indigenous and non-Indigenous groups via 2-tailed Students t-test in both the overall cohort and the BDR group, and 
within Indigenous patients between those with normal or abnormal radiology results. Logistic regression models were 
developed to explore the univariate effects of clinical characteristics (ie, age, sex, BMI category, smoking status and 
radiology (Indigenous patients only)) on BDR outcome by Indigenous status (reporting odds ratios (ORs) (95% CIs)), 
with equivalence of ORs compared via post estimation commands. A multivariate logistic regression model was used to 
report the odds associated with Indigenous status after adjusting for age, sex, BMI category and smoking status. A subset 
analysis of the same testing was undertaken using BDR of >10% criteria, excluding logistic regression modelling. All 
data were analysed in STATA IC 15 (StataCorp, Texas) and alpha set to 0.05 throughout.

Ethical Considerations
This study was approved by the Human Research Ethics Committee of the NT, TEHS and Menzies School of Health 
Research (Reference: HREC 2019–3445), and was conducted according to the Declaration of Helsinki. This study was 
also conducted and reported according to strengthening of health research involving Indigenous people.46 Further details 
regarding setting and study patients are available from previous reports from our centre.27–33

Results
Of a total 1350 LFTs performed by Indigenous patients, 965 were assessed to fulfil session quality, while of 5547 LFTs 
performed by non-Indigenous patients, 5529 fulfilled session quality. Excluding patients who had multiple LFTs, this 
resulted in 742 LFTs for Indigenous and 4579 LFTs for non-Indigenous patients assessed for the presence of BDR.

Clinical and BDR Data Among Study Patients
Evidence of BDR was found in 123/742 (17%) Indigenous and 578/4579 (13%) non-Indigenous patients (≥12% and 
≥0.2L change). Numerous demographic and clinical differences were noted between Indigenous and non-Indigenous 
patients with BDR (Table 1). Indigenous patients with BDR were typically female, reported current smoking, and were 
a mean seven years younger, with a BMI a mean 2.6 units lower compared to non-Indigenous patients. Both Indigenous 
and non-Indigenous patients with BDR had significantly lower BMI compared to their respective non-BDR patients. In 
addition, among non-Indigenous patients, those with BDR were significantly older (mean difference 5.4 years, p < 
0.001), and included a higher proportion of males (p < 0.001).

LFPs Among Indigenous and Non-Indigenous Patients Demonstrating BDR (≥12% and 
≥0.2L Change)
Indigenous patients with BDR displayed significantly reduced LFPs in comparison to non-Indigenous patients with BDR 
(Table 2). Post-BD predicted values for FVC and FEV1, and absolute FEV1/FVC were a mean 19%, 22% and 3.4 points 
lower in the Indigenous group. Among Indigenous patients, 41 (33%) showed both FVC and FEV1 BDR, 42 (34%) 
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Table 1 Clinical Characteristics of Indigenous and Non-Indigenous Patients Who Met, or Did Not Meet 
BDR Criteria

Clinical parameters With BDR

Indigenous (n=123) Non-Indigenous (n=578) p-value

Age (year) 52.47 (45.03, 59.11) 61.19 (51.48, 69.04) <0.001*

Sex (male) 59 (48%) 394 (68%) <0.001*

Height (m) 1.64 (1.6, 1.7) 1.7 (1.63, 1.76) <0.001*

Weight (kg) 70 (57, 82) 81 (68, 98) <0.001*

BMI (kg/m2) 25.71 (20.45, 30.08) 27.95 (24.01, 33.56) <0.001*

Underweight (BMI < 18.5 kg/m2) 18 (15%) 20 (3%) <0.001*

Normal weight (BMI 18.5 < 25 kg/m2) 38 (31%) 165 (29%) 0.602

Overweight (BMI 25 < 30 kg/m2) 36 (29%) 174 (30%) 0.854

Obese (BMI ≥ 30 kg/m2) 31 (25%) 219 (38%) 0.008*

Smoking data reported 123 (100%) 134 (23%) <0.001*

Current smoker 64 (52%) 33 (24%) <0.001*

Former smoker 45 (37%) 56 (42%) 0.393

Never smoker 14 (11%) 45 (33%) <0.001*

Pack years 18.38 (4.9, 37.9) 24.5 (9.5, 54.75) 0.036*

Without BDR

Indigenous (n=619) Non-Indigenous (n=4001) p-value

Age (year) 51.45 (42.42, 59.39) 55.52 (42.38, 65.77) <0.001*

Sex (male) 261 (42%) 2311 (58%) <0.001*

Height (m) 1.65 (1.6, 1.73) 1.7 (1.62, 1.77) <0.001*

Weight (kg) 76 (62, 94) 85 (71, 101) <0.001*

BMI (kg/m2) 27.77 (22.66, 34.1) 29.49 (25.34, 34.53) <0.001*

Underweight (BMI < 18.5 kg/m2) 60 (10%) 92 (2%) <0.001*

Normal weight (BMI 18.5 < 25 kg/m2) 167 (27%) 843 (21%) 0.001*

Overweight (BMI 25 < 30 kg/m2) 132 (21%) 1168 (29%) <0.001*

Obese (BMI ≥ 30 kg/m2) 257 (42%) 1894 (47%) 0.009*

Smoking data reported 615 (99%) 987 (25%) <0.001*

Current smoker 301 (49%) 181 (18%) <0.001*

Former smoker 205 (33%) 398 (40%) 0.005*

Never smoker 109 (18%) 408 (41%) <0.001*

Pack years 18 (5, 33.75) 18.75 (5.95, 40) 0.094

Notes: Data reported as median (IQR) for continuous parameters and number (%) for categorical parameters. p-value derived from 
Kruskal–Wallis test for continuous parameters and two-tailed z-test of proportions for categorical parameters. *Significance at p < 0.05. 
Abbreviations: BDR, Bronchodilator responsiveness; BMI, Body mass index.
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showed an FVC response only, and 40 (32%) showed an FEV1 response only, while among the non-Indigenous patients, 
these were 232 (40%), 117 (20%) and 229 (40%), respectively, with a significant difference (p < 0.001) in the FVC 
only BDR.

LFPs and Radiology Data Among Indigenous Patients
Among the 123 Indigenous patients demonstrating BDR, 113 (92%) had radiology reports available for review. Nearly 
half (46%) of the BDR group had evidence of chronic airway diseases such as COPD, bronchiectasis, or both, which was 
significantly more compared to the non-BDR group (30%, p = 0.001) (Table 3). Figure 1 illustrates the proportional 
overlap of BDR, COPD and Bronchiectasis among the 643 Indigenous patients with radiology available.

Spirometry results in 59% (n = 73) of Indigenous and 47% (n = 270) of non-Indigenous patients with BDR 
demonstrated evidence for a potential diagnosis of COPD (ie, post-BD spirometry FEV1/FVC ratio <0.7) (Figure 2). 
However, among the 50 Indigenous patients who did not display spirometric evidence of COPD, 29% (12/42 with 
radiology) showed evidence of COPD and/or bronchiectasis on radiology. Excluding patients with spirometric or 
radiographic evidence of COPD or bronchiectasis, 38 (5%) Indigenous patients exhibited BDR, which could be assigned 
solely to asthma and 308 (7%) non-Indigenous patients.

Univariate and Multivariate Analysis
The use of logistic regression revealed significant differences in factors associated with BDR between the Indigenous and 
non-Indigenous groups. Increasing age, male sex and current smoking were associated with increased odds of BDR among 
non-Indigenous patients, while overweight and obesity were associated with decreased odds of BDR (Figure 3). Among 

Table 2 Lung Function Parameters (LFPs) for Patients Displaying Bronchodilator Responsiveness (BDR) by 
Indigenous Status

LFPs Parameters Indigenous (n=123) Non-Indigenous (n=578) p-value

FVC Pre-BD absolute 2.02 (1.89, 2.14) 2.87 (2.79, 2.95) <0.001*

Pre-BD predicted 53.71 (51.03, 56.38) 71.07 (69.61, 72.53) <0.001*

Post-BD absolute 2.31 (2.2, 2.43) 3.26 (3.17, 3.34) <0.001*

Post-BD predicted 61.7 (59.28, 64.12) 80.91 (79.49, 82.33) <0.001*

Change^ 18.2 (15.05, 21.36) 15.79 (14.53, 17.04) 0.123

FEV1 Pre-BD absolute 1.27 (1.18, 1.36) 1.92 (1.86, 1.99) <0.001*

Pre-BD predicted 42.31 (39.71, 44.91) 62.28 (60.63, 63.94) <0.001*

Post-BD absolute 1.53 (1.43, 1.63) 2.26 (2.19, 2.34) <0.001*

Post-BD predicted 51.33 (48.41, 54.24) 73.35 (71.54, 75.16) <0.001*

Change^ 21.51 (18.88, 24.14) 19.35 (18.21, 20.49) 0.122

FEV1/FVC Pre-BD absolute 0.64 (0.61, 0.66) 0.66 (0.65, 0.67) 0.044*

Pre-BD predicted 79.71 (76.06, 83.35) 86.55 (85.21, 87.9) <0.001*

Post-BD absolute 0.65 (0.63, 0.68) 0.68 (0.67, 0.69) 0.008*

Post-BD predicted 81.77 (78.42, 85.12) 89.18 (87.9, 90.46) <0.001*

Post-BD absolute <0.70 73 (59%) 270 (47%) 0.011*

Notes: Data presented as mean (95% CI) for continuous parameters and number (%) for categorical parameters. p-value derived from 
two-tailed students t-test for continuous parameters and two-tailed z test of proportions for categorical parameters. ^Change - Mean 
percentage change in values pre- to post- BD. *Significance at p < 0.05. 
Abbreviations: BD, Bronchodilator; FEV1, Forced expiratory volume in one second; FVC, Forced vital capacity.
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Indigenous patients, only abnormal radiology was associated with increased odds of BDR (OR 1.9, 95% CI 1.23, 2.93), while only 
obesity was associated with decreased odds. Post-estimation tests of ORs, which were significant in the non-Indigenous group but 
non-significant in the Indigenous group, showed no significant difference in the effect of age (p = 0.114), sex (p = 0.330), 
overweight (p = 0.111) or current smoking (p = 0.997) on the odds of BDR between the groups.

In the complete multivariate model, Indigenous status was significantly associated with BDR (OR 1.47, 95% CI 1.09, 
1.97), as was age (OR 1.02, 95% CI 1.01, 1.03), and male sex (OR 1.52, 95% CI 1.15, 2.01).

Figure 1 Venn diagram showing the overlap of COPD, BDR and Bronchiectasis among the 643 Indigenous patients with radiology available. 
Abbreviations: BDR, bronchodilator responsiveness; COPD, chronic obstructive pulmonary disease.

Table 3 Radiology Results for Indigenous Patients (n = 643) with or Without Bronchodilator 
Responsiveness (BDR)

Radiology BDR (n=113) No-BDR (n=530) p-value

Chronic obstructive pulmonary disease (COPD) 31 (27%) 76 (14%) 0.001*

Bronchiectasis 11 (10%) 34 (6%) 0.209

Combined COPD & Bronchiectasis 10 (9%) 47 (9%) 0.995

Any COPD or Bronchiectasis 52 (46%) 157 (30%) 0.001*

Other abnormalityα 26 (23%) 129 (24%) 0.764

No abnormality 35 (31%) 244 (46%) 0.003*

Notes: p-value derived from two-tailed z-test of proportions. *Significance at p < 0.05. αPleural effusion, tracheobronchomegaly, 
lung mass, interstitial or lung opacity or fibrosis, malignancy, collapse, pneumonia, atelectasis, cavity, consolidation, goitre, other 
inflammation, ground glass, lung cysts.
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Figure 2 Flow chart for plausible putative diagnosis of asthma among patients undergoing spirometry. 
Abbreviations: BD, bronchodilator; BDR, bronchodilator responsiveness; COPD, chronic obstructive pulmonary disease; FEV1, Forced expiratory volume in one second; FVC, Forced vital capacity; LLN, lower limit of normal.
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Sub-Analysis for BDR >10% Predicted ATS/ERS Criteria
Utilising the 2021 updated BDR guidelines,41 220 (30%) Indigenous and 914 (20%) non-Indigenous patients fit the BDR 
criteria (p < 0.001 for difference of proportions). LFPs remained significantly lower among Indigenous patients compared to 
non-Indigenous patients in this sub-cohort (Table 4), and there was no significant difference on any LFPs when comparing 
between BDR “traditional” and BDR 2021 criteria (data not shown). Among Indigenous patients, COPD and/or bronch-
iectasis was identified in 46% and 26% of those with and without BDR, respectively (compared to 46% and 30% utilising the 
traditional BDR criteria) (Appendix 1). By spirometry criteria 54% (n = 119) of Indigenous and 44% (n = 405) of non- 
Indigenous patients with BDR demonstrated evidence to fulfil the criteria for a potential diagnosis of COPD (ie, post-BD 
spirometry FEV1/FVC ratio <0.7) (Figure 4). However, among the 101 Indigenous patients who did not display spirometric 
evidence of COPD, 28% (25/88 with radiology) showed evidence of COPD and/or bronchiectasis on radiology.

Discussion
To the best of the authors’ knowledge, this is the first study to comprehensively assess chest radiological findings in 
a group of Indigenous Australian people with airway BDR. The key findings of our study were:

(i) 17% of Indigenous patients referred for lung function testing had evidence of BDR.
(ii) A high percentage (ie, 46%) of Indigenous patients with BDR had radiological evidence of chronic lung disease.

(iii) Presence of radiological abnormality (COPD/bronchiectasis) increased the odds of BDR among Indigenous 
patients.

Figure 3 Odds ratios for univariate logistic regressions by Indigenous status, and multivariate logistic regression for factor effects on BDR. Red lines indicate significantly 
increased odds of BDR while green lines indicate significantly reduced odds of BDR. Normal BMI was used as the reference category for BMI. Radiology data was not 
available for the non-Indigenous cohort; therefore, these were excluded in the multivariate model. 
Abbreviations: BDR, bronchodilator responsiveness; BMI, body mass index.
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(iv) When BDR “potential asthma” was adjusted for the presence of COPD and bronchiectasis it was no higher 
among Indigenous patients than non-Indigenous.

In this current study, LFPs of Indigenous and non-Indigenous Australian patients were compared in order to 
objectively assess the presence of BDR and its association with underlying chronic lung disease according to radiology 
in Indigenous patients. Within the study patients, a higher proportion of Indigenous (17%) compared to non-Indigenous 
patients (13%) demonstrated a significant BDR. Although, this may indeed truly reflect previous self-reported population 
survey results,5,47 demonstrating a higher prevalence of asthma (BDR) among Indigenous in comparison to non- 
Indigenous populations, a significant proportion of Indigenous patients with BDR had radiological evidence of under-
lying chronic airway diseases such as COPD or bronchiectasis (46%). Moreover, one-quarter of patients with COPD/ 
bronchiectasis demonstrated BDR.20,21 A previous self-reported survey among Canadian Indigenous people observed 
that prevalence of asthma/COPD overlap could be higher among Indigenous people.48 The findings of our study indicate 
that among Indigenous Australians, conditions other than asthma or concurrent presence of asthma and COPD,23,24 or 
bronchiectasis alongside asthma25 could explain the apparently high rates of self-reported asthma in previous population 
surveys.

Spirometry has a critical role in clinical decision-making to support the accurate diagnosis of airway disease 
alongside clinical judgment, especially in the presence of concomitant airway diseases. In this vein, previous studies 
have shown a significant BDR with respect to FVC, could be associated with emphysema and small airways disease as 
opposed to asthma.49–51 Additionally, DLCO values have been observed to be higher among patients with asthma in 
comparison to patients with predominant COPD.52 In our study, we observed that Indigenous patients with BDR showed 

Table 4 Lung function parameters (LFPs) for patients displaying bronchodilator responsiveness as per updated 
(>10% predicted) ATS/ERS criteria  by Indigenous status

LFPs BDR Indigenous (n=220) Non-Indigenous (n=914) p-value

FVC Pre-BD absolute 1.96 (1.86, 2.05) 2.84 (2.77, 2.9) <0.001*

Pre-BD predicted 53.2 (51.12, 55.28) 71.89 (70.73, 73.06) <0.001*

Post-BD absolute 2.18 (2.09, 2.28) 3.15 (3.08, 3.22) <0.001*

Post-BD predicted 59.31 (57.3, 61.33) 79.87 (78.7, 81.04) <0.001*

Change^ 13.73 (11.8, 15.67) 12.43 (11.57, 13.29) 0.200

FEV1 Pre-BD absolute 1.26 (1.19, 1.34) 1.92 (1.87, 1.98) <0.001*

Pre-BD predicted 43.51 (41.13, 45.89) 63.42 (62.06, 64.78) <0.001*

Post-BD absolute 1.47 (1.38, 1.55) 2.21 (2.15, 2.27) <0.001*

Post-BD predicted 50.23 (47.85, 52.61) 73.01 (71.53, 74.49) <0.001*

Change^ 17.43 (15.78, 19.08) 16.36 (15.57, 17.14) 0.239

FEV1/FVC Pre-BD absolute 0.64 (0.62, 0.66) 0.67 (0.66, 0.68) 0.021*

Pre-BD predicted 80.55 (77.81, 83.29) 86.9 (85.82, 87.98) <0.001*

Post-BD absolute 0.66 (0.64, 0.68) 0.69 (0.68, 0.7) 0.004*

Post-BD predicted 82.93 (80.33, 85.53) 89.9 (88.84, 90.95) <0.001*

Post-BD absolute <0.70 119 (54%) 405 (44%) 0.009*

Notes: Data presented as mean (95% CI) for continuous parameters and number (%) for categorical parameters. p-value derived from two-tailed 
students t-test for continuous parameters and two-tailed z test of proportions for categorical parameters. ^Change - Mean percentage change in 
values pre- to post- BD. *Significance at p < 0.05. 
Abbreviations: BD, Bronchodilator; FEV1, Forced expiratory volume in one second; FVC, Forced vital capacity.
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Figure 4 Flow chart for plausible putative diagnosis of asthma among patients undergoing spirometry utilising updated 2021 BDR guidelines. 
Abbreviations: BD, bronchodilator; BDR, bronchodilator responsiveness; COPD, chronic obstructive pulmonary disease; FEV1, Forced expiratory volume in one second; FVC, Forced vital capacity; LLN, lower limit of normal.
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a greater trend towards improvement in FVC post-BD compared to non-Indigenous patients (34 vs 20%). Although, we 
did not examine the correlation of DLCO parameters in this study, we presume this could be the case among patients with 
radiological abnormalities in the BDR Indigenous group, especially among those with evidence of COPD.33 These 
findings tip the scale towards predominant COPD rather than asthma, or for the presence of potential asthma/COPD 
overlap among our Indigenous study patients with BDR.

Worldwide Indigenous populations suffer from a high burden of chronic respiratory conditions, in particular COPD and 
bronchiectasis, including higher prevalence of tobacco use.7–12,53,63 The hallmark symptoms of asthma are similar to those of 
other chronic lung diseases, as are the effects of smoking.1 Hence, it is not uncommon to either under or over diagnose the 
presence of asthma in clinical practice.13–16,64–68 Furthermore, it is reasonable to note that there could be biases in recall of 
underlying medical conditions among Indigenous people – recall that has predominantly been used in assessing the population 
prevalence of asthma in previous surveys.5,6 A recent study from our center found that only seven percent of Indigenous 
patients and 30% of non-Indigenous patients with COPD could accurately describe their respiratory condition, although 46 
and 89%, respectively, were aware that “something” was wrong with their lungs.69 In the same study, 80% of Indigenous 
patients described shortness of breath, 60% described a cough and 10% described wheezing – thus it is easy to see how 
Indigenous patients may self-report a previous diagnosis of “asthma” in the presence of another underlying respiratory 
condition. When excluding the presence of COPD in the present study (via either radiology or spirometry), the prevalence of 
BDR dropped from 17% to 5% among Indigenous patients and from 13% to 7% among non-Indigenous patients (using the 
usual/traditional ≥12% and ≥0.2L criteria). This was remarkable given the Indigenous study patients came from a population 
purported to have a high prevalence of asthma.

This is the first study to assess BDR as per the updated 2021 ERS/ATS guidelines in an Indigenous population.45 

Understandably, due to the lowered percentage change threshold from 12% to 10% and dropping the 200mL change requirement, 
this resulted in a higher prevalence of BDR. In the current study, 30% of Indigenous and 20% of non-Indigenous people met the 
new criteria,45 compared to 17% and 13% who met the existing usual/traditional criteria.42 Despite the significant increase in the 
number of individuals identified, no significant differences in any LFPs were noted when comparing the two BDR criteria. This 
could be due to the sample size in this study being not large enough to identify potentially small differences in these parameters, 
or that any such difference in parameters would be reduced anyway due to this being a referred population as compared to the 
general population. Nonetheless, despite utilising this new recommended criterion (ie, >10% BDR), when taking into considera-
tion the evidence for presence of underlying chronic airway disease, presence of BDR reduces significantly resulting in 
a comparable rate between Indigenous and non-Indigenous patients (8% vs 11%).

Ascertaining the true prevalence of respiratory conditions is indeed difficult among Indigenous people due to geographical 
isolation, access to specialist health care and due to other social determinants. Moreover, presence of multiple concurrent 
respiratory disorders, including a high prevalence of COPD and bronchiectasis further adds to the complexity in the accurate 
diagnosis and in the management of Indigenous people presenting with respiratory disorders. In this study, we have 
demonstrated the potential causes for observing BDR among Indigenous patients in comparison to non-Indigenous patients 
undergoing LFTs. Despite overwhelming evidence in the literature to suggest Australian Indigenous people suffer from 
chronic respiratory disorders, there have been no previous reports demonstrating the clinical significance of observing BDR on 
spirometry in an Australian Indigenous population, especially from the Top End NT of Australia. Hence, we believe 
demonstrating these aspects in the current study is of significant value in addressing the gap in knowledge, and an invaluable 
addition to the existing literature. However, further prospective studies are warranted to determine accurate diagnostic and 
management pathways for Indigenous people presenting with chronic airway disorders.

Study Limitations
The authors acknowledge that a better characterisation of the patients’ respiratory diseases would have been possible if clinic 
history details, including prior clinical diagnosis of asthma and the findings on examination had been available for consideration. 
However, due to the retrospective nature of this study, this was not possible. Only Indigenous patients’ radiology was considered 
in this study, limiting the potential for comparison of the presence of concomitant airway disease in non-Indigenous patients. 
Furthermore, smoking data was missing for a large portion of the non-Indigenous patients, potentially biasing the regression 
results, which incorporated smoking data. This study’s participants were drawn from a referred population to a specialist 
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respiratory service in the TEHS region of the NT of Australia; hence, the results are pertinent to the “Top End” but what, if any, 
relevance they have to the wider Indigenous Australian population is open to conjecture.

Conclusion
In this study, Indigenous patients were observed to have a higher frequency of BDR on spirometry in comparison to non- 
Indigenous patients. However, a significant proportion of Indigenous patients demonstrating BDR also had evidence of 
COPD and bronchiectasis. This may suggest that BDR on spirometry could be suggestive of potential asthma or asthma/ 
COPD/bronchiectasis overlap or BDR could be present among patients with COPD and bronchiectasis in isolation. 
Hence, a more personalised approach should be adopted combining clinical/physical examinations, spirometry and 
radiology in the accurate diagnosis of airway disease among Indigenous Australians, which may have long-term 
therapeutic implications and overall better outcome.
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