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ABSTRACT
Background  Australia has one of the highest rates 
of asthma worldwide. Indigenous children have a 
particularly high burden of risk determinants for asthma, 
yet little is known about the asthma risk profile in this 
population.
Aim  To identify and quantify potentially preventable risk 
factors for hospitalised asthma in Australian Aboriginal 
children (1–4 years of age).
Methods  Birth, hospital and emergency data for all 
Aboriginal children born 2003–2012 in Western Australia 
were linked (n=32 333). Asthma was identified from 
hospitalisation codes. ORs and population attributable 
fractions were calculated for maternal age at birth, 
remoteness, area-level disadvantage, prematurity, low 
birth weight, maternal smoking in pregnancy, mode of 
delivery, maternal trauma and hospitalisations for acute 
respiratory tract infection (ARTI) in the first year of life.
Results  There were 705 (2.7%) children hospitalised 
at least once for asthma. Risk factors associated with 
asthma included: being hospitalised for an ARTI (OR 
4.06, 95% CI 3.44 to 4.78), area-level disadvantage (OR 
1.58, 95% CI 1.28 to 1.94), being born at <33 weeks’ 
gestation (OR 3.30, 95% CI 2.52 to 4.32) or birth weight 
<1500 g (OR 2.35, 95% CI 1.39 to 3.99). The proportion 
of asthma attributable to an ARTI was 31%, area-level 
disadvantage 18%, maternal smoking 5%, and low 
gestational age and birth weight were 3%–7%. We did 
not observe a higher risk of asthma in those children 
who were from remote areas.
Conclusion  Improving care for pregnant Aboriginal 
women as well as for Aboriginal infants with ARTI may 
help reduce the burden of asthma in the Indigenous 
population.

INTRODUCTION
Asthma is the most common chronic disease in 
children worldwide, and often persists over the 
life course. Australia continues to have one of the 
highest rates of asthma in the world, and nearly 20% 
of all children have been diagnosed with asthma 
at some stage in their life by the age of 15 years.1 
Although management of asthma has improved in 
recent decades and case fatality rates have declined 
significantly, asthma continues to cause substantial 
morbidity in children2 3 and leads to more hospi-
talisations and general practice (GP) visits than any 

other illness.1 In Western Australia (WA) where the 
current study is set, asthma accounts for the second 
highest cause of disability-adjusted life years in chil-
dren after complications attributable to preterm 
birth and low birth weight.2

Aboriginal and Torres Strait Islander (hereafter 
respectfully referred to as Aboriginal) children in 
Australia have a 1.8–2.3 times higher asthma preva-
lence than non-Indigenous children.1 3 Furthermore, 
half of all emergency presentations for asthma in 
Indigenous children (0–16 years) occur between 0 
and 4 years.4 Asthma that starts early in life may 
be particularly troublesome, leading to emergency 
room attendance and hospitalisation. In many 
cases, asthma that persists into later childhood and 
adult life has its origins in early childhood.1

Prevention of asthma can be guided by studying 
early life risk factors, particularly those that 
provide possible preventive and intervention strat-
egies. Trials aimed at preventing asthma through 
nutrition-based strategies or avoidance of aller-
gens during pregnancy or early life have so far 
proved unsuccessful.5 Other strategies aimed at the 
early life period are needed. Apart from inherited 
genetic risk, early life factors with strong evidence 
for causing asthma include prenatal exposure to 
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environmental tobacco smoke and very preterm birth.5 Other 
emerging risk factors include maternal factors such as stress, 
weight gain during pregnancy and antibiotic or analgesic use 
during pregnancy; birth factors such as caesarean section; and 
early life factors such as severe respiratory syncytial virus (RSV) 
infection.5

One hypothesis for why the prevalence of asthma is partic-
ularly high in Aboriginal children is the high rate of exposure 
to several of these early life risk factors including: preterm 
birth,6 low birth weight,6 7 smoking in pregnancy,6 7 high infec-
tious respiratory disease load,8 maternal mental health issues9 
and maternal psychological trauma.10 A considerable propor-
tion of these factors can be attributed to the negative conse-
quences of colonisation over 200 years, including the social 
and economic marginalisation of Aboriginal people and expe-
rience of racism.11 12 Despite the range of factors influencing 
this increased propensity for asthma, there is very little research 
into identifying the specific risk profile for Indigenous popula-
tions both in Australia and overseas. A small number of studies 
in Canada suggest that risk factors for asthma in First Nations 
infants include low birth weight, obesity, poor housing, maternal 
daily smoking and chronic ear infection.13 14 Indigenous popula-
tions of the world such as in Canada, Australia, the Americas and 
the South Pacific share some similarities in long-term social and 
economic consequences of colonisation, racism and marginalisa-
tion, often with higher health burdens than the non-Indigenous 
populations.11 12 Therefore, there is an important need for more 
respiratory research using large Indigenous populations to high-
light possible solutions to redress the balance.

The objective of this study is to identify potential preventive 
early modifiable risk factors for asthma hospitalisation among 
Western Australian Aboriginal children under 5 years of age.

METHODS
Study population
The study population includes all Aboriginal children aged 1–4 
years old born in WA between 2003 and 2012.15 A child was 
included in the cohort if the child or their parent or grandparent 
was identified as Aboriginal using an algorithm applied to the 
Aboriginal status indicators within the multiple data sets by the 
WA Data Linkage Branch (DLB).16 We excluded children where 
their full siblings were not identified as Aboriginal.

Linkage of this cohort to other data sets, listed below, was 
undertaken by WA DLB using probabilistic linkage based 
on birthdate and other demographic identifiers. The linked 
data for the broader study known as the ‘Defying the Odds’ 
Study comprised linkage of 12 administrative and health data 
sets.15 For the purposes of the current study the data sets used 
included: WA Birth Registrations, WA Death Registrations, WA 
Midwives Notification System (MNS), WA Hospital Morbidity 
Data Collection (HMDC), WA Emergency Department Data 
Collection (EDDC), WA Register of Developmental Anomalies 
(WARDA) and WA Mental Health Information System. Children 
who were less than 20 weeks’ gestational age (reported in MNS), 
stillborn (reported in MNS) or who died in the first 5 years of life 
(reported in WA Death Registrations) were excluded.

Outcome
Hospitalisation for asthma—primary diagnosis—International 
Classification of Diseases 10th Revision, Australian Modification 
(ICD-10-AM) code J45 or J46 in the HMDC between ages 1 and 
4 years. We only included asthma diagnoses from the primary 
diagnosis field rather than from the additional diagnosis fields 

of the HMDC in order to minimise possible selection bias by 
hospitalisation due to non-asthma primary diagnoses.

Potential exposures and covariates
From the MNS, data on the following variables were extracted: 
plurality; parity; gestational age in weeks (<33 weeks=very 
preterm, 33–36 weeks=preterm, 37–38 weeks=early term, 
39–40 weeks=term, >40 weeks=post-term); birth weight 
(<1500 g=very low, 1500–2499 g=low, 2500–4000 g=normal, 
>4000 g=high); delivery method (vaginal, elective caesarean 
section, emergency caesarean section); maternal smoking in preg-
nancy; maternal medical conditions in pregnancy (diabetes type 
2, gestational diabetes, hypertension, pre-eclampsia). An infant 
was classified as small for gestational age (SGA) if their birth 
weight was lower than the first decile for singleton infants of the 
same gestational age and sex according to national standards.17

Date of birth, sex of baby and maternal and paternal age at 
child’s birth were derived from multiple data sets including the 
MNS, the birth register, HMDC, EDDC, death register and 
WARDA. Pre-existing maternal asthma was derived from a posi-
tive self-report in the MNS or hospitalisation in the HMDC 
from 1970 up until the child’s birth. Area-level remoteness of 
residence at birth (in order of increasing distance from services: 
major cities, inner regional, outer regional, remote and very 
remote) was derived from the Accessibility/Remoteness Index of 
Area18 recorded in the MNS, mother’s admission in HMDC and 
infant’s admission in the HMDC at birth (figure 1). Disadvantage 
in quintiles (Q1=most disadvantaged areas, Q5=least disadvan-
taged areas) was based on the Australian Bureau of Statistics 
Index of Relative Socio-economic Disadvantage (IRSD) which is 
an area-based rather than individual index. IRSD is a summary 
index of variables that indicate relative disadvantage including 
income, education, employment, occupation, housing and other 
miscellaneous indicators.19 IRSD was assigned based on place 
of residence at birth. Due to missing data, several geographic 

Figure 1  Remoteness areas in Western Australia (based on Australia 
Bureau of Statistics digital boundaries data, https://www.abs.gov.au/
websitedbs/d3310114.nsf/home/digital+boundaries).
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units and data sets were used to assign as IRSD in the following 
order: (1) MNS, (2) the mother’s admission for the birth, (3) the 
child’s hospital record at birth (data sets); (1) Census Collection 
District, (2) Statistical Local Area, and (3) Local Government 
Area (geographic units).

Maternal psychological trauma during pregnancy was defined 
as any of: (1) a hospitalisation, emergency department visit or 
a mental health service visit for alcohol or drug misuse during 
pregnancy; (2) a hospitalisation, emergency department visit or 
mental health service visit for a mental health episode in preg-
nancy and/or 3 months prior to pregnancy; or (3) a hospitalisa-
tion for assault/domestic violence in pregnancy and/or 2 years 
prior to delivery. (ICD-10-AM codes can be found in the online 
supplemental table S1. The wider time periods prior to preg-
nancy for (2) and (3) were included because these conditions 
are generally considered to be ongoing, therefore, likely to be 
continuing to cause distress during pregnancy even if detected 
earlier. Women often reduce alcohol and drug intake in preg-
nancy, therefore we considered that there would be less misclas-
sification if we only included the pregnancy period for this 
variable.

Acute respiratory tract infection (ARTI) in the first year of life 
was extracted from primary diagnoses recorded in the HMDC 
for influenza, pneumonia, bronchiolitis and acute lower and 
upper respiratory tract infections. (See the online supplemental 
table S1 for ICD-10-AM codes.) Bronchitis, bronchiectasis, 
asthma and wheeze diagnoses were not included as they are 
possibly features of the outcome.

Statistical analysis
The proportion of children admitted to hospital for asthma at 
least once between the ages of 1 and 5 years was calculated, 
as well as the median number and range of multiple hospital 
admissions for asthma. Logistic regression models were used to 
estimate associations between proposed risk factors and at least 
one hospitalisation for asthma, expressed as ORs and 95% CIs. 
Gestational age, birth weight and disadvantage were modelled as 
categorical variables. A sandwich estimator was used to account 
for correlation caused by clustering of observations within fami-
lies. A subject matter-informed directed acyclic graph (DAG) 
was used to assess covariates as potential confounders (online 
supplemental figure S1).20 Based on the DAG, adjusted models 
that included potential confounders were fitted. The possibility 
that the effects of risk factors were modified by infant sex was 
tested by including an interaction term in models. Proportional 
attributable fractions (PAF) were calculated for those variables 
that had positive associations with hospitalised asthma (based on 
adjusted models) and which can be considered to be potentially 
preventable.21 PAFs indicate the proportion of an outcome that 
is attributable to a risk factor, such that if that risk factor could 
be eliminated, the corresponding fraction of the outcome would 
be prevented. It should be noted that PAFs are not additive, each 
is independent of the other.

Since asthma in the first year of life may be misclassified 
as an ARTI (or vice versa), a sensitivity analysis for the ARTI 
model was performed in which we excluded children from 
the study population who were hospitalised for asthma in the 
first year of life. Additionally, due to the difficulty of diag-
nosing asthma in children under 5 years of age, we performed 
a second sensitivity analysis where we broadened the asthma 
definition to include bronchiectasis (ICD-10 J47) and wheeze 
symptoms (ICD-10 R06.2) as the primary diagnoses (‘broad 
asthma’).

We have reported and interpreted statistical null hypothesis 
testing and CIs according to guidelines set by respiratory jour-
nals and the American Statistical Association.20 22 Statistical anal-
yses were conducted using SAS software V.9.4 (SAS Institute).

RESULTS
The number of Aboriginal children born 2003–2012 in WA was 
26 483. After applying the exclusion criteria, the study popula-
tion included 25 773 Aboriginal children. Of these, 705 (2.7%) 
children had been hospitalised for asthma at least once between 
the ages of 1 and 4 years. The median number of asthma hospi-
talisations for any asthma case was 1, IQR 1–2, and the range 
was 1–10 hospitalisations.

At birth, 13.3% of children were preterm, 11.8% weighed less 
than 2500 g and 15.0% were SGA (table  1). During the first 
year of life, 15.2% of all children had at least one hospitalisa-
tion for an ARTI. This proportion was much higher (41.6%) 
for children who were subsequently hospitalised for asthma. 
Regarding mothers, 53.1% were under 24 years of age at child’s 
birth, almost half reported smoking during pregnancy, 11.2% 
reported asthma, 10.3% reported a pregnancy-related condition 
or diabetes and 9.1% had recently experienced maternal trauma 
(table 1). Half of the families came from the most disadvantaged 
quintile, and 61.8% lived in rural areas (half in remote areas and 
half in regional areas).

Aboriginal children born preterm and especially those born 
very preterm were at risk of being hospitalised with asthma 
(adjusted OR (adjOR) 1.23, 95% CI 0.94 to 1.61, and adjOR 
3.30, 95% CI 2.52 to 4.32, respectively) compared with those 
born at term (table 2). Similarly, low birth weight and very low 
birth weight were associated with an increased risk of hospital-
isation for asthma (adjOR 1.34, 95% CI 1.00 to 2.79, and adjOR 
2.35, 95% CI 1.39 to 3.99, respectively) compared with normal 
birth weight (table 2). SGA babies had similar risk to other babies 
of hospitalisation for asthma (adjOR 1.03, 95% CI 0.83 to 1.27) 
(table 2). A further breakdown by gestational period suggested 
that SGA babies born very preterm before 33 weeks may have an 
increased risk for hospitalisation for asthma (adjOR 1.44, 95% 
CI 0.69 to 2.99, table 3).

Other positive associations with hospitalised asthma included: 
maternal asthma (adjOR 1.58, 95% CI 1.28 to 1.94); living in an 
area in the most disadvantaged quintile compared with an area in 
the least disadvantaged quintile (adjOR 1.52, 95% CI 0.99 to 2.33); 
living in outer regional WA compared with urban areas (adjOR 1.30, 
95% CI 1.05 to 1.62); and being hospitalised for an ARTI in the 
first year of life (adjOR 4.06, 95% CI 3.44 to 4.78) (table 2). Being 
born by emergency caesarean section (adjOR 1.18, 95% CI 0.96 to 
1.46), maternal trauma (adjOR 1.17, 95% CI 0.91 to 1.51) and 
maternal smoking in pregnancy (adjOR 1.12, 95% CI 0.95 to 1.30) 
were also positively associated with hospitalised asthma, although 
the estimates are imprecise (table  2). Interaction by sex showed 
no differences between girls and boys except for parity, where it 
was suggested for girls but not for boys that having older siblings 
decreased the odds of being hospitalised for asthma (adjOR 0.77, 
95% CI 0.58 to 1.02).

No associations were found with hospitalised asthma for 
parity, plurality, maternal age, maternal medical conditions 
(other than asthma) or elective caesarean delivery.

The proportion of asthma that was attributable to an ARTI 
hospitalisation in the first year of life was 31.3%, and the 
proportion attributable to living in an area in the most disad-
vantaged quintile was 18.4% (table 3). The PAF of hospitalised 
asthma cases that can be attributed to being born preterm or 

3Brew B, et al. Thorax 2021;0:1–8. doi:10.1136/thoraxjnl-2020-216189

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2020-216189 on 8 January 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/thoraxjnl-2020-216189
https://dx.doi.org/10.1136/thoraxjnl-2020-216189
https://dx.doi.org/10.1136/thoraxjnl-2020-216189
https://dx.doi.org/10.1136/thoraxjnl-2020-216189
https://dx.doi.org/10.1136/thoraxjnl-2020-216189
https://dx.doi.org/10.1136/thoraxjnl-2020-216189
http://thorax.bmj.com/


Asthma

very preterm was 2.0% and 7.2%, respectively, and for low 
birth weight and very low birth weight was 3.7% and 3.5%, 
respectively. The proportion of asthma that was attributable to 
maternal smoking was 5.2%, although the 95% CIs included the 
null (table 4).

The sensitivity analysis excluding children who had asthma 
in the first year of life (n=75) reduced the effect size slightly of 
the association between having an ARTI in the first year of life 
and subsequent hospitalisation for asthma at least once at 1–4 
years of age (adjOR 3.79, 95% CI 3.20 to 4.49), p<0.0001. 
The second sensitivity analysis using ‘broad asthma’ definition in 
adjusted models for all outcomes showed similar effect sizes and 
PAFs to the main analysis for ARTI (PAF 28.2%), preterm (PAF 
7.0% very preterm, 3.3% preterm) and low birthweight births 
(PAF 2.6% very low birth weight, 2.3% low birth weight, see 
online supplemental tables S2 and S3). However, the effect sizes 
and subsequent PAFs for living in an area of disadvantage and 
smoking in pregnancy were lower than the results for the main 
analysis (PAF 7.4% and 2.2%, respectively) and 95% CI crossed 
the null (online supplemental table S3).

DISCUSSION
This large population-wide study on Aboriginal children aged 
1–4 years found that the main attributable risk factors for hospi-
talised asthma in Aboriginal children were hospitalisation for 
ARTIs in the first 12 months of life and living in an area of 
disadvantage. Other important risk factors were being born very 
preterm or having a low birth weight. There was a small contri-
bution of smoking in pregnancy, and remoteness was not found 
to be a major contributing factor.

Our study showed that being hospitalised in the first 12 
months of life with an ARTI was associated with a four times 
higher risk of an asthma hospitalisation even after adjusting for 
preterm birth, low birth weight, disadvantage and remoteness, 
supporting findings in a number of other populations.23 24 The 
combination of this high risk on asthma and a high prevalence 
of ARTI early in life8 25 explains why the fraction of hospital-
ised asthma cases in Aboriginal children that can be attributed 
to early ARTI is up to 31%. This would suggest that preven-
tion of ARTI could have a significant impact on reducing asthma 
burden. However, twin research and prophylaxis studies suggest 
there may not be a causal pathway from early infection to 
asthma.26 For example, a recent trial using palivizumab for RSV 
immunoprophylaxis concluded that prevention of RSV does not 
reduce asthma risk.27 Furthermore, it is likely that a proportion 
of early ARTI diagnoses were misdiagnosed asthma cases (and 
vice versa).28 The sensitivity analysis attempted to reduce this 
bias by excluding cases that had been hospitalised for asthma 

Table 1  Descriptive characteristics, Aboriginal children aged 1–4 
years, Western Australia

 �
All children
n=25 773 (%)

Children not 
hospitalised for 
asthma
n=25 068 (%)

Children 
hospitalised 
for asthma
n=705 (%)

Sex

 � Male 13 042 (50.6) 12 606 (50.2) 436 (61.8)

 � Female 12 731 (49.4) 12 462 (49.8) 269 (38.2)

Plurality

 � Singleton 25 147 (97.6) 24 467 (97.6) 680 (96.5)

 � Multiples 626 (2.4) 601 (2.4) 25 (3.6)

Maternal age (years)

 � ≤19 5375 (20.9) 5223 (20.8) 152 (21.6)

 � 20–24 8286 (32.2) 8058 (32.1) 228 (32.3)

 � 25–29 6246 (24.2) 6073 (24.2) 173 (24.5)

 � ≥30 5866 (20.9) 5714 (22.8) 152 (21.6)

Parity

 � 0 8599 (33.4) 8356 (33.3) 243 (34.5)

 � 1–2 10 963 (42.5) 10 678 (42.6) 285 (40.4)

 � ≥3 6211 (24.1) 6024 (24.1) 177 (25.1)

Gestational age (weeks)

 � Very preterm <33 940 (3.7) 867 (3.5) 73 (10.4)

 � Preterm 33–36 2464 (9.6) 2389 (9.5) 75 (10.6)

 � Early term 37–38 7981 (31.0) 7775 (31.0) 206 (29.2)

 � At term 39–40 11 743 (45.6) 11 458 (45.7) 285 (40.4)

 � Post-term >40 2645 (10.3) 2579 (10.3) 66 (9.4)

Birth weight (g)

 � Very low (<1500) 440 (1.7) 397 (1.6) 43 (6.1)

 � Low (1500–2500) 2603 (10.1) 2500 (10.0) 103 (14.6)

 � Normal (2500–4000) 20 598 (80.0) 20 088 (80.1) 510 (72.3)

 � High (>4000) 2132 (8.3) 2083 (8.3) 49 (7.0)

Small for gestational age 3870 (15.0) 3759 (15.0) 111 (15.7)

Maternal smoking in 
pregnancy

11 477 (44.5) 11 138 (44.4) 339 (48.1)

Maternal asthma 2894 (11.2) 2775 (11.1) 119 (16.9)

Maternal medical conditions 2665 (10.3) 2598 (10.4) 67 (9.5)

Mode of delivery

 � Vaginal 20 018 (77.7) 19 482 (77.7) 536 (76.0)

 � Elective caesarean section 2176 (8.4) 2120 (8.5) 56 (7.9)

 � Emergency caesarean 
section

3579 (13.9) 3466 (13.8) 113 (16.0)

Maternal trauma 2336 (9.1) 2262 (9.0) 74 (10.5)

Disadvantage of area of residence

 � Q5 (least) 1159 (4.5) 1136 (4.5) 23 (3.3)

 � Q4 2141 (8.5) 2093 (8.3) 48 (7.0)

 � Q3 3662 (14.5) 3569 (14.2) 93 (13.5)

 � Q2 5695 (22.5) 5549 (22.1) 146 (21.2)

 � Q1 (most) 12 625 (49.9) 12 245 (48.8) 380 (55.1)

 � Missing 490 (1.9) 475 (1.9) 15 (2.1)

Area-level remoteness of residence at birth

 � Major cities 9930 (38.5) 9685 (38.6) 245 (35.5)

Continued

 �
All children
n=25 773 (%)

Children not 
hospitalised for 
asthma
n=25 068 (%)

Children 
hospitalised 
for asthma
n=705 (%)

 � Inner regional 2452 (9.7) 2385 (9.5) 67 (9.7)

 � Outer regional 4145 (16.4) 4007 (16.0) 138 (20.0)

 � Remote 4033 (16.0) 3920 (15.6) 113 (16.4)

 � Very remote 4723 (18.7) 4596 (18.3) 127 (18.4)

 � Missing 491 (1.9) 476 (1.9) 15 (2.1)

ARTI <1 year 3926 (15.2) 3633 (14.5) 293 (41.6)

ARTI, acute respiratory tract infection.

Table 1  Continued
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Table 2  Associations between risk factors and asthma in Aboriginal children aged 1–4 years, ORs and 95% CIs

Risk factors
Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

(Potential confounders used in adjusted models
see (online supplemental file 1)

Maternal age (years)  �   �  Disadvantage

 � ≤19 1.07 (0.86 to 1.33)
P=0.54

1.08 (0.86 to 1.35)
P=0.51

 � 20–24 1.06 (0.86 to 1.31)
P=0.56

1.05 (0.85 to 1.30)
P=0.66

 � 25–29 1.09 (0.87 to 1.38)
P=0.45

1.06 (0.83 to 1.36)
P=0.65

 � ≥30 Reference Reference

Plurality  �   �  Gestational age, birth weight

 � Singleton Reference Reference

 � Multiples 1.49 (0.99 to 2.26)
P=0.06

0.95 (0.61 to 1.46)
P=0.81

Parity  �   �  Maternal age

 � 0 Reference Reference

 � ≥1 0.95 (0.81 to 1.11)
P=0.53

0.96 (0.80 to 1.17)
P=0.71

Gestational age (weeks)  �   �  Maternal age, smoking in pregnancy, maternal asthma, 
remoteness, plurality � Very preterm <33 3.39 (2.58 to 4.43)

P<0.0001
3.31 (2.50 to 4.39)
P<0.0001

 � Preterm 33–36 1.26 (0.97 to 1.64)
P=0.08

1.23 (0.94 to 1.62)
P=0.13

 � Early term 37–38 1.07 (0.89 to 1.29)
P=0.50

1.04 (0.87 to 1.25)
P=0.67

 � At term 39–40 Reference Reference

 � Post-term >40 1.03 (0.78 to 1.36)
P=0.84

1.00 (0.76 to 1.33)
P=0.98

Birth weight (g)  �   �  Maternal age, smoking in pregnancy, maternal trauma, 
maternal asthma, gestational age, remoteness, plurality � Very low (<1500) 4.27 (3.08 to 5.90)

P<0.0001
2.37 (1.39 to 4.01)
P=0.001

 � Low (1500–2499) 1.62 (1.31 to 2.02)
P<0.0001

1.34 (1.00 to 1.80)
P=0.05

 � Normal (2500–4000) Reference Reference

 � High (>4000) 0.93 (0.69 to 1.25)
P=0.61

0.97 (0.72 to 132)
P=0.86

Small for gestational age 1.06 (0.86 to 1.30)
P=0.58

1.02 (0.82 to 1.26)
P=0.87

Maternal age, smoking in pregnancy, maternal trauma, 
maternal asthma, remoteness

Maternal smoking in pregnancy 1.16 (0.99 to 1.35)
P=0.06

1.12 (0.95 to 1.30)
P=0.17

Maternal trauma, disadvantage

Maternal asthma 1.53 (1.25 to 1.88)
P<0.0001

1.58 (1.28 to 1.94)
P<0.0001

Disadvantage, smoking in pregnancy, remoteness

Maternal medical conditions 0.91 (0.70 to 1.17)
P=0.46

0.89 (0.68 to 1.15)
P=0.37

Disadvantage, parity, maternal age, remoteness

Mode of delivery  �   �  Maternal asthma, maternal medical conditions, remoteness

 � Vaginal Reference Reference

 � Elective caesarean section 0.96 (0.72 to 1.27)
P=0.78

1.00 (0.75 to 1.32)
P=0.98

 � Emergency caesarean section 1.19 (0.97 to 1.46)
P=0.10

1.18 (0.96 to 1.46)
P=0.11

Maternal trauma 1.18 (0.92 to 1.51)
P=0.19

1.17 (0.91 to 1.51)
P=0.21

Disadvantage

Continued
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in the first year of life, and continued to show a strong associ-
ation between early ARTI and subsequent asthma (adjOR 3.79, 
95% CI 3.20 to 4.49). Furthermore, given that children with 
asthma were three times as likely to have an ARTI <1 year than 
those without asthma, the misdiagnosis rate of ARTI in early 
life would have to be over 50% to show a null effect between 
early ARTI and asthma. Another possible explanation for these 
results is that rather than ARTI being a cause of asthma, both 
these diseases may indicate lung vulnerability. Therefore, it may 
be more useful to use severe early respiratory tract infection as 
a signpost for subsequent asthma to highlight ongoing manage-
ment for cough and wheezing illnesses.29

Our study also found that in the presence of other factors, 
18% of hospitalised asthma cases were attributable to living 
in disadvantaged areas. This finding of an association between 
disadvantage and asthma is not unique to the Indigenous popula-
tion and has also been well described in African American popu-
lations, ethnic minorities and groups experiencing poverty.30 
Living in an area of disadvantage means fewer resources to seek 
early and preventive healthcare, adequate nutrition or improved 

housing. Overcrowding, increased psychological stress and 
subsequent alcohol abuse and smoking can all impact on asthma 
risk.30 Shifting social determinants is difficult but these findings 
support the need for resources and empowerment involving a 
strengths-based approach for long-term positive benefits in 
Aboriginal health and well-being.31 32 To quote Sir Michael 
Marmot speaking on Aboriginal child development, ‘Central to 
action on social determinants of health is empowerment of indi-
viduals and communities.’33 Given that half of the Aboriginal 
population currently live in the quintile of most disadvantage in 
WA, a meaningful shift in resources and empowerment in this 
group should result in a meaningful decrease in asthma burden 
for this community that continues into adulthood. Further 
research is needed to establish which aspects of disadvantage (eg, 
housing, inadequate primary care, low income) are driving this 
relationship.

Risk factors
Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

(Potential confounders used in adjusted models
see (online supplemental file 1)

Disadvantage  �   �  Maternal age

 � Q5 (least) Reference Reference

 � Q4 1.13 (0.68 to 1.88)
P=0.63

1.13 (0.68 to 1.87)
P=0.64

 � Q3 1.29 (0.81 to 2.04)
P=0.28

1.28 (0.81 to 2.03)
P=0.30

 � Q2 1.30 (0.83 to 2.02)
P=0.25

1.29 (0.83 to 2.02)
P=0.26

 � Q1 (most) 1.53 (1.00 to 2.34)
P=0.05

1.52 (0.99 to 2.33)
P=0.05

Area-level remoteness of residence at birth  �   �  Disadvantage

 � Major cities Reference Reference

 � Inner regional 1.11 (0.84 to 1.46)
P=0.46

1.11 (0.84 to 1.49)
P=0.44

 � Outer regional 1.36 (1.10 to 1.69)
P=0.005

1.30 (1.05 to 1.62)
P=0.02

 � Remote 1.14 (0.91 to 1.43)
P=0.26

1.10 (0.87 to 1.39)
P=0.41

 � Very remote 1.09 (0.87 to 1.36)
P=0.44

0.99 (0.78 to 1.26)
P=0.95

ARTI <1 year 4.19 (3.59 to 4.90)
P<0.0001

4.06 (3.44 to 4.78)
P<0.0001

Delivery method, disadvantage, birth weight, maternal age, 
parity, gestational age, remoteness

ARTI, acute respiratory tract infection.

Table 2  Continued

Table 3  Associations for hospitalised asthma in small for gestational 
age babies stratified by gestational age

Gestational age Adjusted OR* (95% CI)

Very preterm <33 weeks 1.44 (0.69 to 2.99) p=0.33

Preterm 33–36 weeks 0.98 (0.49 to 1.96) p=0.96

Early term 37–38 weeks 1.12 (0.78 to 1.62) p=0.53

Term 39–40 weeks 1.03 (0.73 to 1.44) p=0.87

Overterm >41 weeks 0.91 (0.42 to 1.95) p=0.80

*Adjusted for maternal age, smoking in pregnancy, maternal trauma, maternal 
asthma, geographic location and plurality.

Table 4  Population attributable fractions for potentially preventable 
risk factors

Risk factor Population attributable fraction % (95% CI)*

ARTI <1 year 31.3 (29.5 to 32.9)

Disadvantage (lowest quintile) 18.4 (−0.5 to 30.8)

Very preterm <33 weeks 7.2 (6.2 to 8.0)

Preterm 33–36 weeks 2.0 (−0.7 to 4.0)

Maternal smoking in pregnancy 5.2 (−2.5 to 11.1)

Very low birth weight <1500 g 3.5 (1.7 to 4.6)

Low birth weight 1500–2500 g 3.7 (0.0 to 6.4)

Emergency caesarean section 2.4 (−0.7 to 5.1)

*Population attributable fractions based on adjusted ORs.
ARTI, acute respiratory tract infection.
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Our work agrees with others that being born preterm, having 
a low birth weight or needing to be born by emergency caesarean 
section are risk factors for developing childhood asthma and 
for lung vulnerability.1 5 13 34 Current cultural innovations in 
Aboriginal prenatal and maternity care to incorporate Indige-
nous knowledges into practice may help reduce these rates and 
improve outcomes for Aboriginal mothers and babies.35

Although prenatal smoking is well recognised as a modifiable 
risk factor for childhood asthma,5 our study suggested only a 
5%–6% reduction in asthma if all prenatal smoking was elimi-
nated, and even lower in the sensitivity analysis using the broad 
asthma definition. Other Indigenous research has had similar 
findings.13 36 A possible explanation is that the high rates of 
smoking in these communities may mean that children have a 
high rate of exposure to other sources of environmental tobacco 
smoking in early life, masking the effect of maternal prenatal 
smoking. Although 44% of the studied population of women 
reported smoking during pregnancy, Indigenous smoking rates 
in Australia are declining and reduction of smoking rates remains 
an important health priority.37

Around one-third (35%) of the Aboriginal children in WA 
live in remote and very remote areas. Although remoteness can 
be associated with factors associated with asthma risk such as 
disadvantage,38 social determinants,10 38 higher ARTI burden8 
and lower access to health services,38 our study did not find that 
hospitalisations for asthma increased with area-level remote-
ness. This unexpected finding was also seen in a study about 
parent-reported asthma in Canadian First Nations Children.14 
A possible explanation is that aspects of remote living ‘protect’ 
against asthma, for example, less day care, more breast feeding 
and more pet and animal contact, less outdoor air pollution, all 
of which have been shown to be protective for asthma.39 Alter-
natively, perhaps the low hospital diagnosis rate reflects less 
access to respiratory specialists and paediatricians in the remote 
areas of Australia and Canada.

The major strength of this study was being able to access an 
Indigenous population across an entire Australian state over 
many years, providing a large sample size. Due to the use of 
administrative linked data, the potential for selection bias due to 
lower participation by vulnerable groups within WA’s Aboriginal 
population is minimised, improving the generalisability of our 
findings. Using a range of different data sources and previously 
developed algorithms, we were able to maximise the identifi-
cation of Aboriginal status and minimise missing data for some 
variables such as geographical location, date of birth and identifi-
cation of mothers and fathers.16 40 However, there are also some 
important limitations from using linked administrative data. The 
main limitation was that the data were restricted to information 
that was collected in routine health data sets and were missing 
some important variables that could provide further insight 
into preventable asthma risk such as housing conditions, over-
crowding, pet ownership, breastfeeding practices, smoking by 
fathers and other members of the family and cultural aspects. 
In addition, we were restricted to asthma defined as hospital-
isations. We had access to emergency department visit informa-
tion, but in rural areas asthma comes under a broad code of 
‘respiratory disease’ so we were unable to identify asthma cases 
in these areas. GP data were not available. Therefore, we recog-
nise that a number of mild asthma cases will be misclassified 
into the comparison group pushing the results towards the null. 
However, mild asthma in young age is often transient wheeze 
that does not continue past childhood, whereas we focused on 
asthma cases that represent persistent asthma which are more 
likely to be the more severe or uncontrolled asthma cases leading 

to hospitalisation. The sensitivity analyses using a broader defi-
nition of asthma that included primary diagnoses for wheeze and 
bronchiectasis attempted to address the difficulty of diagnosing 
asthma in children under 5 years of age. On the whole, this 
analysis supports the main analysis particularly regarding ARTI, 
preterm birth and low birth weight.

In conclusion, this large whole of population study on Aborig-
inal children in WA has highlighted specific risk factors for 
asthma which can help inform policy aimed at improving health 
outcomes and reducing disparities. The study again emphasises 
the importance of addressing the social determinants of health as 
key structural issues in Aboriginal health inequalities. In partic-
ular, supporting culturally sensitive and appropriate Aborig-
inal maternal and child care that will help reduce preterm and 
low birth weights and monitoring and ongoing management of 
young children who are hospitalised for ARTI.35 41 Implementa-
tion of change to reduce the effects of disadvantage such as high 
infection rates in the paediatric Indigenous population is likely 
to have a significant effect in reducing asthma and its ongoing 
health burden and associated comorbidities.
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