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Abstract

Background

Indigenous infants (infants aged under 12 months) have the highest hospital admission and

emergency department presentation risks in Australia. However, there have been no recent

reports comparing hospital utilisation between Indigenous and non-Indigenous infants.

Methods

Our primary objective was to use a large prospective population-based linked dataset to assess

the risk of all-cause hospital admission and emergency department presentation in Indigenous

compared to non-Indigenous infants inWestern Australia (WA). Secondary objectives were to

assess the effect of socio-economic status (Index of Relative Socio-Economic Disadvantage

[IRSD]) on hospital utilisation and to understand the causes of hospital utilisation.

Findings

There were 3,382 (5.4%) Indigenous and 59,583 (94.6%) non-Indigenous live births in WA

from 1 January 2010 to 31 December 2011. Indigenous infants had a greater risk of hospital

admission (adjusted odds ratio [aOR] 1.90, 95% confidence interval [95% CI] 1.77–2.04,

p = <0.001) and emergency department presentation (aOR 2.15, 95% CI 1.98–2.33,

p = <0.001) compared to non-Indigenous infants. Fifty nine percent (59.0%) of admissions

in Indigenous children were classified as preventable compared to 31.2% of admissions in

non-Indigenous infants (aOR 2.12, 95% CI 1.88–2.39). The risk of hospital admission in the

most disadvantaged (IRSD 1) infants in the total cohort (35.7%) was similar to the risk in the

least disadvantaged (IRSD 5) infants (30.6%) (aOR 1.04, 95% CI 0.96–1.13, p = 0.356).
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Interpretation

WA Indigenous infants have much higher hospital utilisation than non Indigenous infants.

WA health services should prioritise Indigenous infants regardless of their socio economic

status or where they live.

Introduction
Over the last ten years a key element of the Australian Federal Government strategy to ‘Close
the gap’[1, 2] in health outcomes between Australian Aboriginal and Torres Strait Islander
(hereafter Indigenous) and non-Indigenous infants has been to improve access to urban and
remote area health services for Indigenous mothers and children. This has included increased
funding for hospitals[3], specialist outreach services[4], and care coordination[5–8]. The key
indicator used to report national progress has been infant mortality. However the Australian
Institute of Health andWelfare (AIHW) acknowledges that the precision of these mortality
estimates are poor due to the small Australian Indigenous birth cohort and the baseline low
mortality risk[9]. Hospital admissions and emergency department presentations reflect mor-
bidities, service provision and care seeking patterns and can be used in combination with mor-
tality data to increase power and precision of analyses[10].

Infants (children aged between 0–11 months) have the highest hospital utilisation rates of
all age groups [11], yet there have been no reports of hospital use in Australian Indigenous
compared to non-Indigenous infants in the last decade. Causes of infant admission using the
International Classification of Disease Version 10 (ICD-10) system are also not widely
reported. In 2007 the Northern Territory Department of Health reported that hospital admis-
sion rates and the differentials between Indigenous and non-Indigenous infants aged 1–11
months appeared to be increasing[12]. However, there have been no reports of infant hospital
admission or emergency department data beyond this period. There are also no reports of
admissions within specific socio economic strata. It is not clear if the Australian Federal gov-
ernment ‘Closing the gap’ initiatives have had an effect on reducing the gap between Indige-
nous and non-Indigenous infant hospital admission and emergency department presentations
in the most disadvantaged low income families.

Western Australia (WA) has a large de-identified prospective longitudinal population based
data system involving the probabilistic systematic record linkage of total population adminis-
trative health datasets[13, 14]. It includes information on maternal and infant characteristics,
hospital admission and emergency department presentations including length of stay, cause of
hospital admission, Indigenous status and socio economic status.

Our primary objective was to assess the risk of all-cause hospital admission in WA Indige-
nous and non-Indigenous infants aged under 12 months who were born between 2010 and
2011. Secondary objectives were: (i) to assess the effect of socio economic status on risk of hos-
pital admission; and (ii) to understand the causes of hospital utilisation in Indigenous and
non-Indigenous children.

Methods

Study setting and data base access
All live births in WA children born from 1 January 2010 to 31 December 2011 were included
in this study. Population based linked data from the WAMidwives’ Notification System, Hos-
pital Morbidity Data System, Emergency Department Data Collections, the 2006 Index of Rela-
tive Socio-Economic Disadvantage (IRSD)[15] and the Accessibility/ Remoteness Index of
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Australia (ARIA)[16] were obtained from the Department of Health of Western Australian
(DOHWA).

The Midwives’Notification System includes clinical (infant weight, gestational age, apgar
score, multiple birth, gravidity) and socio demographic (baby’s gender, mother’s age, Indige-
nous status, socioeconomic status, remoteness index) data on all WA live births and stillbirths
of more than 20 weeks’ gestation or birth weight greater than 400g which are entered by trained
nurses within 48 hours of delivery. The Hospital Morbidity Data System and Emergency
Department Data Collections includes data on all hospital admissions to all public and private
hospitals and emergency department presentations to all public hospitals in WA. These data
are entered by trained medical records staff following the occasion of service. The Australian
Bureau of Statistics (ABS) IRSD divides statistical local areas based on the 2006 Australian
national census data into quintiles from most disadvantaged (IRSD 1) to least disadvantaged
(IRSD 5)[15]. The Accessibility/Remoteness Index of Australia (ARIA)[16] was developed by
the Department of Health and Aged Care and is maintained by the AIHW. This index classifies
geographic location on the basis of isolation and distance from service centres and health care
facilities. ARIA data are split into five categories from least remote (ARIA 1) (major cities) to
most remote (ARIA 5) (remote area communities).

The databases were systematically linked by DOHWA data linkage staff using probabilistic
matching and de-identified. The final linked database included: date of hospital admission and
date of emergency department presentations from the Hospital Morbidity Data System and
Emergency Department Data Collections. Maternal ethnicity, maternal age, gravidity, infant
age, infant birth weight, gestational age, infant sex, multiple birth, infant health status at birth
(Apgar score), IRSD quintile, ARIA level and health region were obtained from the Midwives’
Notification System.

Definitions
A hospital admission was defined as any (at least one) admission to a WA hospital ward for care
including all neonatal nurseries. It excluded the normal hospital stay after birth for well babies.
An emergency department presentation was defined as any (at least one) presentation to the
emergency department regardless of whether the child was admitted to hospital. The infant
period was defined as the period from birth to 11 months of chronological age (i.e. less than 12
months), the neonatal period was from birth to less than one month of age and the post neonatal
period was from one month to 11 months of age. An infant was classified as Indigenous if the
mother was recorded in the Midwives’Notification System as Aboriginal and/or Torres Strait
Islander[17]. ‘Low socio economic status’ was defined as the two lowest IRSD quintiles (IRSD
1–2). ‘Remote residence’ was defined as the two most remote ARIA categories (ARIA 4–5).

The primary cause of hospitalisation was categorised using the ICD-10 classification system
[18] by medical record staff. All hospital admissions were classified using the primary diagnosis
at the time of hospital admission but secondary diagnoses or comorbidity data were not avail-
able. No data on the diagnosis at the time of the emergency department presentation were
available. Preventable causes were defined according to AIHW[19], and adapted for use with
infants[20]. Diseases of the respiratory system, digestive system, skin and subcutaneous tissue,
ear and mastoid process, infectious and parasitic diseases, nutritional diseases, and injury and
poisoning were classified as “preventable”. Perinatal conditions (e.g. prematurity, hypoxic-
ischaemic encephalopathy), congenital malformations, chromosomal abnormalities and all
other conditions were classified as “non-preventable”. An ‘emergency admission’ was defined
as an admission after presentation to the emergency department. An ‘elective admission’ was
defined as an admission that was pre-booked and often required a waiting period[21].
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Sample size and data analysis
Our primary outcome measure was the proportion of Indigenous and non-Indigenous infants
aged under 12 months who had at least one hospital admission from 2010–2011. We calculated
that our study population of almost 63,000 infants would provide 90% power to detect at least
a 10% difference in hospital admission risk between Indigenous and non-Indigenous infants.
We assumed a 5% significance level, a hospital admission risk of 40% and that the ratio
between Indigenous to non-Indigenous infants would be approximately 1:20.

Crude and adjusted logistic regression models were used to examine the effect of Indigenous
status and socio economic status on hospital admissions and emergency department presenta-
tions in infants aged 0–11 months, neonates (aged 0-<1 month) and post neonates (aged 1–11
months). Effects in IRSD and ARIA strata and specific causes of hospital admission were also
assessed. Odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated. Multivari-
able logistic regression models were constructed a priori to adjust for the effect of important
explanatory variables: maternal characteristics (maternal age, gravidity), infant factors (gender
of child, multiple birth, and birth weight). Data analyses were conducted using STATA 13.1
(StataCorp, USA).

Ethics
Approvals were obtained from the WA Department of Health Human Research Ethics Com-
mittee, The University of Western Australia Human Research Ethics Committee, and the
Western Australian Aboriginal Health Ethics Committee (WAAHEC).

Results
There were 62,965 births in WA from 1 January 2010 to 31 December 2011. Five percent
(5.4%, 3,382) of infants were Indigenous and 94.6% (59,583) were non-Indigenous (Table 1).

Thirty nine percent (39.1%, 1323) of Indigenous and 3.9% (2,311) of non-Indigenous
infants were in the most disadvantaged quintile (IRSD 1) (Table 1). Forty percent (40.7%,
1376) of Indigenous and 4.4% (2,599) of non-Indigenous infants lived in the most remote area
(ARIA 1) (Table 1) (S1 Appendix).

There were 28,960 hospital admissions in 18,879 infants in the first 12 months of life. Indig-
enous infants were 1.7 times more likely to be admitted to hospital at least once (44.0%) com-
pared to non-Indigenous infants (29.2%) (aOR 1.71, 95% CI 1.58–1.85) (Table 2). Ten percent
(10.4%, 352) of Indigenous infants had three or more admissions to hospital in their first year
of life compared to three percent (3.1%, 1834) of non-Indigenous infants (aOR 2.26, 95% CI
1.96–2.61) (Table 2). Risk of hospital admission was slightly higher in the neonatal period (0-
<1 month) (19.02%, 11,977) than the post neonatal period (1-11months) (15.9%, 9,993). The
effect of Indigenous status on hospital admission greater in the post neonatal period (aOR 1.87,
95% CI 1.72–2.03) than the neonatal period (aOR 1.25, 95% CI 1.14–1.38) (S1 Appendix).

The risk of hospital admission was significantly higher for infants of teenage mothers (aOR
1.28, 95% CI 1.17–1.41, p value<0.001) and mothers�40 years of age (aOR 1.19, 95% CI
1.08–1.31, p-value<0.001) (S1 Appendix).

Socio economic status (IRSD) had little influence on the risk of hospitalisation (Table 3). The
risk of hospital admission in the most disadvantaged (IRSD 1) infants (35.7%) was similar to the
risk in the least disadvantaged (IRSD 5) infants (30.6%) (aOR 1.04, 95% CI 0.96–1.13, p value
0.356). There was weak evidence of a dose response of increasing risk of hospital admission with
increasing levels of disadvantage in Indigenous (p = 0.017 for trend) and non-Indigenous
(p = 0.020 for trend) (Table 3). The risk of hospital admission in the least disadvantaged Indige-
nous infants (40.2%) was greater than the risk in the most disadvantaged non-Indigenous infants

Hospital Utilisation in Indigenous and Non-Indigenous Infants in Western Australia

PLOS ONE | DOI:10.1371/journal.pone.0154171 April 27, 2016 4 / 14



Table 1. Socio demographic characteristics in the study population, 2010–2011.

Characteristics Total number of
childrenn = 62,965

Number of Indigenous
children n = 3,382

Number of non- Indigenous
children n = 59,583

OR 95% CI P
value

Socio-economic status
(IRSD)

Most disadvantaged 1 3,634 1,323 (39.1%) 2,311 (3.9%) 16.33
(15.06,17.72)

<0.001

2 9,670 406 (12.0%) 9,264 (15.6%) 0.75
(0.67,0.83)

<0.001

3 8,126 473 (14.0%) 7,653 (12.8%) 1.11
(1.01,1.23)

0.038

4 17,985 600 (17.7%) 17,385 (29.2%) 0.53
(0.48,0.57)

<0.001

Least disadvantaged 5 22,018 478 (14.1%) 21,540 (36.2%) 0.29
(0.26,0.32)

<0.001

Data missing 1,532 102 (3.0%) 1,430 (2.4%)

Geographic location
(ARIA)

Least remote 1 27,448 574 (17.0%) 26,874 (45.1%) 0.25
(0.23,0.27)

<0.001

2 22,846 664 (19.6%) 22,182 (37.2%) 0.41
(0.28,0.45)

<0.001

3 5,306 486 (14.4%) 4,820 (8.1%) 1.92
(1.74,2.13)

<0.001

4 1,858 180 (5.3%) 1,678 (2.8%) 1.95
(1.67,2.29)

<0.001

Most remote 5 3,975 1,376 (40.7%) 2,599 (4.4%) 15.45
(14.26,16.73)

<0.001

Data missing 1,532 102 (3.0%) 1,430 (2.4%)

Maternal Age

<20 yrs 2,676 718 (21.2%) 1,958 (3.3%) 7.93
(7.22,8.72)

<0.001

20–24 yrs 9,416 1,121 (33.2%) 8,295 (13.9%) 3.07
(2.84,3.31)

<0.001

25–29 yrs 17,879 817 (24.2%) 17,062 (28.6%) 0.79
(0.73,0.86)

<0.001

30–34 yrs 19,588 459 (13.6%) 19,129 (32.1%) 0.33
(0.30,0.37)

<0.001

35–39 yrs 10,922 221 (6.5%) 10,701 (18.0%) 0.32
(0.28,0.37)

<0.001

40+ yrs 2,477 45 (1.3%) 2,432 (4.1%) 0.32
(0.24,0.43)

<0.001

Data missing 7 1 (0.03%) 6 (0.01%)

Gravidity

0 19,581 809 (23.9%) 18,772 (31.5%) 0.68
(0.63,0.74)

<0.001

1 19,493 786 (23.2%) 18,707 (31.4%) 0.66
(0.61,0.72)

<0.001

2 11,639 509 (15.1%) 11,130 (18.7%) 0.77
(0.70,0.85)

<0.001

�3 12,245 1,277 (37.8%) 10,968 (18.4%) 2.69
(2.50,2.89)

<0.001

Data missing 7 1 (0.03%) 6 (0.01%)

Child sex

(Continued)
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(28.9%) (Table 3). In the three least disadvantaged quintiles (IRSD 1–3), Indigenous infants were
still 1.5 times more likely to be admitted to hospital than non-Indigenous infants (aOR 1.54, 95%
CI 1.38–1.72). Effects of IRSD were greater in the post neonatal (p< 0.001 for trend) than the
neonatal (p = 0.054 for trend) periods (S1 Appendix).

Geographic location had little effect on the risk of hospital admission in Indigenous and
non-Indigenous infants (Table 3). The risk of hospital admission in the most remote (ARIA 5)

Table 1. (Continued)

Characteristics Total number of
childrenn = 62,965

Number of Indigenous
children n = 3,382

Number of non- Indigenous
children n = 59,583

OR 95% CI P
value

Male 32,257 1,789 (52.9%) 30,468 (51.1%) 1.07
(1.00,1.15)

0.046

Female 30,708 1,593 (47.1%) 29,115 (48.9%) 0.93
(0.87,1.00)

0.046

Data missing 0 0 (0.0%) 0 (0.0%)

Multiple birth

No 61,254 3,311 (97.9%) 57,943 (97.3%) 0.75
(0.59,0.95)

0.020

Yes 1,704 70 (2.1%) 1,634 (2.7%) 1.33
(1.05,1.70)

0.020

Data missing 7 1 (0.03%) 6 (0.01%)

Prematurity

<32wk 687 83 (2.5%) 604 (1.0%) 2.46
(1.95,3.10)

<0.001

32-36wk 4,586 394 (11.7%) 4,192 (7.0%) 1.75
(1.56,1.95)

<0.001

�37wk 57,675 2,899 (85.7%) 54,776 (91.9%) 0.53
(0.48,0.59)

<0.001

Data missing 17 6 (0.2%) 11 (0.02%)

Birth weight

Low birth weight
(<2500g)

3,820 440 (13.0%) 3,380 (5.7%) 2.49
(2.24,2.76)

<0.001

Normal birth weight
(�2500-4499g)

58,323 2,909(86.0%) 55,414 (93.0%) 0.46
(0.42,0.51)

<0.001

High birth weight
(�4500g)

821 33 (1.0%) 788 (1.3%) 0.74
(0.52,1.04)

0.085

Data missing 1 0 (0.00%) 1 (0.00%)

APGAR 5 score

Lowest (least healthy) 1 72 10 (0.3%) 62 (0.1%) 2.85
(1.46,5.56)

<0.001

2 146 12 (0.4%) 134 (0.2%) 1.58
(0.88,2.86)

0.129

3 717 50 (1.5%) 667 (1.1%) 1.33
(0.99,1.77)

0.056

4 3,935 272 (8.0%) 3,663 (6.1%) 1.34
(1.18,1.52)

<0.001

Highest (most healthy) 5 58,042 3,032 (89.7%) 55,010 (92.3%) 0.73
(0.65,0.81)

<0.001

Data missing 53 6 (0.2%) 47 (0.1%)

IRSD = Index of Relative Socio-Economic Disadvantage ARIA = Accessibility/ Remoteness Index of Australia, OR = odds ratio, 95% CI = 95% confidence

interval

doi:10.1371/journal.pone.0154171.t001
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infants (32.4%) was similar to the risk in the least remote (ARIA 1) infants (29.4%) (aOR 0.98,
95% CI 0.91–1.07, p value 0.694). There was no evidence of increasing risk of hospital admis-
sion with increasing levels of remoteness in Indigenous (p = 0.051 for trend) and non-Indige-
nous (p = 0.591 for trend) (Table 3). The risk of hospital admission in the least remote
Indigenous children (40.4%) was greater than the most remote non-Indigenous children
(25.1%) (Table 3). In the three least remote areas (ARIA 1–3) Indigenous infants were still 1.6
times more likely to be admitted to hospital than non-Indigenous infants (aOR 1.60, 95% CI
1.44–1.77).

Indigenous infants were twofold more likely to present to the emergency department at
least once (70.6%) compared to non-Indigenous infants (42.4%) (aOR 2.15, 95% CI 1.98–2.33)
(Table 2). Effects of socio economic status and geographic location on emergency department
presentations were similar to the effects on hospital admission (Tables 2 and 3) (S1 Appendix).

Fifty nine percent (59.0%) of admissions in Indigenous infants and 31.2% of admissions in
non-Indigenous infants were classified as ‘preventable’ (diseases of the respiratory system;
infectious and parasitic diseases; digestive system; skin and subcutaneous tissue; ear and mas-
toid process; nutritional diseases; injury and poisoning) (Table 4). Risk of preventable hospital
admission was twofold higher in Indigenous compared to non Indigenous infants (aOR 2.12,
95% CI 1.88–2.39) (Table 4). Risk of perinatal disorders was lower in Indigenous (657, 44.2%)
compared to non Indigenous (9,972, 57.3%) infants (aOR 0.68, 95% CI 0.60–0.77).

Seventy percent (70.6%, 2388) of Indigenous infants were classified as having an emergency
admission compared to 42.4% (25,238) of non-Indigenous infants (aOR 2.15, 95% CI 1.98–
2.33) (S1 Appendix).

Discussion
We report important differences in hospital utilisation between Indigenous and non-Indige-
nous children in WA. In our study 70% of Indigenous infants presented to hospital emergency
departments and 40% were admitted in their first year of life. Risks of hospital admission and
emergency department presentation were 1.5 to three fold greater in Indigenous compared to
non-Indigenous infants and were highest in the youngest, most disadvantaged, remote area
infants.

Table 2. Effect of Indigenous status on hospital utilisation, 2010–2011.

Number of Indigenous
infants with at least one
hospital admission or
emergency department
presentation n = 3,382

Number of non-Indigenous
infants with at least one
hospital admission or
emergency department
presentation n = 59,583

OR (95% CI) p
value

aOR* (95% CI) p
value

All cause hospitalisations

at least 1 1,487 (44.0%) 17,392 (29.2%) 1.90 (1.77,2.04) <0.001 1.71 (1.58,1.85) <0.001

at least 2 708 (20.9%) 5,079 (8.5%) 2.84 (2.60,3.10) <0.001 1.95 (1.76,2.17) <0.001

at least 3 352 (10.4%) 1,834 (3.1%) 3.66 (3.25,4.12) <0.001 2.26 (1.96,2.61) <0.001

All cause emergency department presentations

at least 1 2,388 (70.6%) 25,238 (42.4%) 3.27 (3.03,3.53) <0.001 2.15 (1.98,2.33) <0.001

at least 2 1,774 (52.5%) 12,006 (20.2%) 4.37 (4.07,4.69) <0.001 2.61 (2.42,2.82) <0.001

at least 3 1310 (38.7%) 6,002 (10.1%) 5.62 (5.22,6.06) <0.001 3.04 (2.80,3.31) <0.001

OR = odds ratio, aOR = adjusted odds ratio, 95% CI = 95% confidence interval

* Adjusted for IRSD (Index of Relative Socio-Economic Disadvantage), maternal age, gravidity, sex of child, multiple birth, birth weight

doi:10.1371/journal.pone.0154171.t002
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The AIHW and all Australian states and territories hold age specific hospital admission
data from birth to adulthood[21]. Infants aged 0–11 months have the highest risk of admission
of all age groups, yet surprisingly there have been no publications in the past decade which
have examined all cause hospital utilisation in Australian Indigenous and non-Indigenous
infants in their first year of life. In 2002 the Northern Territory Department of Health reported
all-cause post neonatal hospital admission rates (72%) that were much higher than the rates
reported in our study (40%).[12] From 2008–2013 studies from eastern Australia (Victoria[22]
and New South Wales[20]) and WA[23] reported high risks of all cause emergency department
presentation in Indigenous children aged 0–4 years. There are limited data on ‘all-cause’ hospi-
tal utilisation in children under five years from Indigenous populations in Australia or other
countries. In the Northern Territory from 1992 to 2008 there was no improvement in the dif-
ferential in ‘all-cause’ hospitalisation separation rates between Indigenous and non Indigenous

Table 4. ICD 10 classification of primary cause of hospital admissions in the study population by Indigenous status, 2010–2011.

Primary cause of hospital admission Total number
of infants

Number of
Indigenous infants

Number of non-
Indigenous infants

OR (95% CI; p
value)

aOR** (95% CI;
p value)

18,879 1,487 17,392

Preventable causes

Respiratory system 3,146 (16.7%) 580 (39.0%) 2566 (14.8%) 3.69 (3.30,4.13;
<0.001)

2.20 (1.94,2.50;
<0.001)

Infectious and parasitic diseases 1,550 (8.2%) 240 (16.1%) 1310 (7.5%) 2.36 (2.04,2.74;
<0.001)

1.78 (1.50,2.11;
<0.001)

Digestive system 797 (4.2%) 50 (3.4%) 747 (4.3%) 0.78 (0.58,1.04;
0.087)

0.59 (0.43,0.81;
0.001)

Skin and subcutaneous tissue 343 (1.8%) 80 (5.4%) 263 (1.5%) 3.70 (2.87,4.78;
<0.01)

3.48 (2.56,4.72;
<0.001

Ear and mastoid process 344 (1.8%) 58 (3.9%) 286 (1.6%) 2.43 (1.8,3.24;
<0.001)

2.65 (1.90,3.69;
<0.001)

Nutritional diseases 105 (0.6%) 11 (0.7%) 94 (0.5%) 1.37
90.73,2.57;

0.323)

1.18 (0.59,2.35;
0.641)

Injury and poisoning 684 (3.6%) 68 (4.6%) 616 (3.5%) 1.31 (1.01,1.69;
0.042)

1.20 (0.91,1.59;
0.206)

Total preventable causes 6,300 (33.4%) 878 (59.0%) 5422 (31.2%) 3.18
(2.86,3.55;
<0.001)

2.12 (1.88,2.39;
<0.001)

Non preventable causes

Perinatal conditions 10,629 (56.3%) 657 (44.2%) 9972 (57.3%) 0.59 (0.53,0.66;
<0.001)

0.68 (0.60,0.77;
<0.001)

Congenital malformations, deformations and
chromosomal abnormalities

1,336 (7.1%) 51 (3.4%) 1285 (7.4%) 0.45 (0.33,0.59;
<0.001)

0.49 (0.36,0.66;
<0.001)

Other 4,516 (23.9%) 352 (23.7%) 4164 (23.9%) 0.99 (0.87,1.12;
0.815)

0.94 (0.82,1.08;
0.401)

Total non preventable causes 14,855 (78.7%) 940 (63.2%) 13915 (80.0%) 0.43
(0.38,0.48;
<0.001)

0.57 (0.50,0.65;
<0.001)

*Children have been counted only once per condition. Children may be included in more than one condition if they had multiple admissions in their first

year of life

OR = odds ratio, aOR = adjusted odds ratio, 95% CI = 95% confidence interval

** Adjusted for IRSD (Index of Relative Socio-Economic Disadvantage), maternal age, gravidity, sex of child, multiple birth, birth weight

doi:10.1371/journal.pone.0154171.t004
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children aged under 5 years. The risk was approximately two fold greater in Indigenous com-
pared to non Indigenous children[24].

Our study provides evidence that the effect of Indigenous status on hospital utilisation is
stronger than the effect of socio economic status or geographic location in WA infants. The
risk of hospital admission in the least disadvantaged urban Indigenous infants was greater than
the risk in the most disadvantaged remote area non-Indigenous infants. The only study that
has examined the effect of geographic location on hospital utilisation in Indigenous and non-
Indigenous children was conducted in eastern Australia (Victoria)[22]. This study reported
that rural Indigenous children had a threefold greater risk of emergency department presenta-
tion than rural non-Indigenous children but urban city Indigenous children had a very similar
risk to urban non-Indigenous children[22]. The high risks in our urban infants may be due to
greater mobility of Indigenous families between WA urban and rural areas. To our knowledge
no studies have been published that have examined the effect of socio economic status on hos-
pital utilisation in Indigenous infants in Australia or other countries.

Our study also appears to be the first that has reported on the burden of preventable hospi-
tal admissions in Indigenous infants in Australia. The burden includes respiratory disease, gas-
troenteritis, ear disease, skin infections, other infections and injury. Our data indicate that over
50% of hospital admissions in Indigenous infants are preventable and twice as high as in non-
Indigenous infants. Similarly high rates are reported in Australian Indigenous adults[25], but
no other studies appear to have been published that have examined the burden of preventable
hospital admissions in Indigenous infants under 12 months of age.

Our study had some limitations. Hospital utilisation data provide important information on
serious acute and chronic illnesses but rates can change with care seeking practices, resourcing
and admission policy. Our study was observational and was only able to report associations
not causality. We adjusted for all available potential confounding factors but did not have a
measure of maternal illness or education. Our socio economic data was based primarily on the
AIHW IRSD quintiles which can cause misclassification when applied at an individual level
[15]. This may be the reason for the weak associations that we reported between hospital utili-
sation and socio economic status. We had data on the number of teenage mothers and adjusted
for this in our multivariable analyses. However, we did not have access to data on underlying
social conditions that may be associated with the preventable causes of hospital utilisation, for
example housing and infrastructure issues[26].

We relied on hospital coding of Indigenous status and it is well known that missing or
incorrect Indigenous status may lead to under-estimation of risk[27, 28]. However, we reported
highly significant effects of Indigenous status on hospital utilisation and any potential misclas-
sification is likely to have biased towards the null. Our cause specific hospitalisation data were
limited to primary cause of hospitalisation. These data are considered to be highly accurate,[13,
14, 29] because the Hospital Morbidity Data System uses the World Health Organisation ICD
10 coding system[18] and highly trained coders. The Midwives’Notification System also uses
clear definitions that are based on Australian standard definitions[30]. It is reported to have a
very high level of completion and clinical certainty[31, 32]. Our emergency department presen-
tations were also recorded in a clearly defined patient administration system (‘EDIS’)[33, 34].
This system is considered by Emergency Department staff to be highly reliable though formal
documentation of its accuracy is not available. In contrast, the accuracy of cause specific emer-
gency department data has been questioned[23]. This was the reason we did not include cause
specific emergency department data in this study.

Other strengths of our study included the population based prospective data collection and
large sample size of over 60,000 infants. Reverse causality was unlikely and there were little

Hospital Utilisation in Indigenous and Non-Indigenous Infants in Western Australia
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missing data. Data were ascertained by trained midwifes and medical records staff and no self-
report was included.

Our study has implications for program and policy development. WA Indigenous children
had high hospital utilisation regardless of their socio economic status and geographic location
indicating that WA health services should prioritise Indigenous children no matter where they
live. More than half of the hospital presentations in Indigenous infants were preventable. The
high emergency department presentations in remote area Indigenous infants are of particular
concern. Reasons include high levels of morbidity and lack of ‘out of hours’ primary care ser-
vices. It is likely that a number of the emergency department presentations were due to prob-
lems that could be managed in general practice services, other primary care centres and other
treatment facilities[35–37]. The WA primary care system appears to be failing many Indige-
nous children in both urban and remote WA[38–40]. Improved access to primary care centres
(including evening and weekend opening times, transport for families, electronic recall and
reminder systems) and quality of care (including cultural security and protocols for assessment
and referral of young infants) is needed. There are also few primary care data sets that can be
used to report health service use in Indigenous children. These are needed so service improve-
ments can be measured and monitored.
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tal admission in Indigenous and non-Indigenous infants aged 1-11m (post neonates) by socio
economic status, 2010–2011 (Table E). Risk of emergency department presentation in Indige-
nous and non-Indigenous infants aged 1-11m (post neonates) by socio economic status., 2010–
2011 (Table F).
(DOCX)

Acknowledgments
Estelle Dawes, WA Data Linkage Branch

Author Contributions
Conceived and designed the experiments: KE DM RM FS DA. Performed the experiments:
KM. Analyzed the data: KE KM JM NS. Contributed reagents/materials/analysis tools: KM.
Wrote the paper: KM DMNS RM DA JM FS KE.

References
1. CoAG. National Integrated Strategy for Closing the Gap in Indigenous Disadvantage. Canberra: 2009.

2. CoAG. National partnership agreement on closing the gap in Indigenous health outcomes. Canberra:
2012.

3. DoH. Aboriginal Maternity Services and Support Unit Strategic Plan 2010–2014. Perth Western Aus-
tralia: Women and Newborn Health Services, 2010.

4. Gruen RL, Bailie RS, Wang Z, Heard S, O'Rourke IC. Specialist outreach to isolated and disadvantaged
communities: a population-based study. Lancet. 2006; 368(9530):130–8. PMID: 16829297

Hospital Utilisation in Indigenous and Non-Indigenous Infants in Western Australia

PLOS ONE | DOI:10.1371/journal.pone.0154171 April 27, 2016 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0154171.s001
http://www.ncbi.nlm.nih.gov/pubmed/16829297


5. AIHW. Expenditure on health for Aboriginal and Torres Strait Islander people 2010–11. Health and wel-
fare expenditure series no. 48. Cat. No HWE 57. Canberra: 2013.

6. DoH. National Aboriginal and Torres Strait Islander Health Plan 2013–2023. Canberra: Department of
Health and Ageing, 2013.

7. DoH. Indigenous Australians' Health Programme: Care Coordination and Supplementary Services—
Grant Guidelines. Canberra: 2015.

8. Griew R, Tilton E, Cox N, Thomas D. The link between primary health careand health outcomes for
Aboriginal and Torres Strait Islander Australians. A Report for the Office for Aboriginal andTorres Strait
Islander Health Department of Health and Ageing, 2008.

9. AIHW AIFS. Closing the Gap Clearinghouse: annual reports 2011–12 and 2012–13. Cat. no. IHW 108.
Canberra: Australian Institute of Health andWelfare & Melbourne: Australian Institute of Family Stud-
ies., 2013.

10. Moorin RE, Holman CD. The effects of socioeconomic status, accessibility to services and patient type
on hospital use in Western Australia: a retrospective cohort study of patients with homogenous health
status. BMCHealth Serv Res. 2006; 6:74. PMID: 16774689

11. AIHW. A picture of Australia’s children 2012. Cat. no. PHE 167. Canberra: Australian Institute of
Health andWelfare 2012.

12. Li SQ, Guthridge SL, Tursan d’Espaignet E, Paterson BA. From infancy to young adulthood: health sta-
tus in the Northern Territory 2006. Department of Health and Community Services. Darwin: 2007.

13. Holman CD, Bass AJ, Rosman DL, Smith MB, Semmens JB, Glasson EJ, et al. A decade of data link-
age in Western Australia: strategic design, applications and benefits of theWA data linkage system.
Aust Health Rev. 2008; 32(4):766–77. PMID: 18980573

14. Holman CD, Bass AJ, Rouse IL, Hobbs MS. Population-based linkage of health records in Western
Australia: development of a health services research linked database. Aust N Z J Public Health. 1999;
23(5):453–9. PMID: 10575763

15. Pink, B. 2008, Socio-Economic Indexes for Areas (SEIFA)—Technical Paper 2006, Australian Bureau
of Statistics (ABS), Canberra.

16. Commonwealth Department of Health and Aged Care: Measuring remoteness: Accessibility/remote-
ness index of Australia (ARIA). Revised edition. Information and Research Branch Occasional Papers:
New Series Number 14 2001.

17. Joyce A, Hutchinson M. Western Australia’s Mothers and Babies 2010: Twenty-eighth Annual Report
of theWestern Australian Midwives' Notification System. Western Australia: 2012.

18. WHO. International Statistical Classification of Diseases and Related Health Problems 10th Revision
(ICD-10). Geneva 2015.

19. NHPA. Healthy Communities: Potentially preventable hospitalisations in 2013–14. Sydney, NSW:
National Health Performance Authority, 2015.

20. Duncan C, Williams K, Nathanson D, Thomas S, Cottier C, O'Meara M, et al. Emergency department
presentations by Aboriginal children: issues for consideration for appropriate health services. J Paediatr
Child Health. 2013; 49(9):E448–50. doi: 10.1111/jpc.12225 PMID: 23692582

21. AIHW. Admitted patient care 2013–14: Australian hospital statistics. Health services series no. 60. Cat.
no. HSE 156. Canberra: AIHW. 2015.

22. Costa N, Sullivan M, Walker R, Robinson K. Emergency department presentations of Victorian Aborigi-
nal and Torres Straight Islander people. HIM J. 2008; 37(3):15–25. PMID: 18941262

23. Moore HC, de Klerk N, Jacoby P, Richmond P, Lehmann D. Can linked emergency department data
help assess the out-of-hospital burden of acute lower respiratory infections? A population-based cohort
study. BMC Public Health. 2012; 12:703. doi: 10.1186/1471-2458-12-703 PMID: 22928805

24. Li SQ, Pircher SLM, Guthridge SL, Condon JR, Wright AJ. Hospital Admissions in the Northern Territory
1976 to 2008. Darwin: Northern Territory Department of Health, 2011.

25. SCRGSP (Steering Committee for the Review of Government Service Provision), Overcoming Indige-
nous Disadvantage: Key Indicators 2014, Productivity Commission, Canberra. 2014.

26. AIHW. The health and welfare of Australia’s Aboriginal and Torres Strait Islander people, an overview
2011. Cat. no. IHW 42. Canberra: AIHW. 2011.

27. Thompson SC, Woods JA, Katzenellenbogen JM. The quality of indigenous identification in administra-
tive health data in Australia: insights from studies using data linkage. BMCMed Inform Decis Mak.
2012; 12:133. doi: 10.1186/1472-6947-12-133 PMID: 23157943

28. Lawrence D, Christensen D, Mitrou F, Draper G, Davis G, McKeown S, et al. Adjusting for under-identi-
fication of Aboriginal and/or Torres Strait Islander births in time series produced from birth records:

Hospital Utilisation in Indigenous and Non-Indigenous Infants in Western Australia

PLOS ONE | DOI:10.1371/journal.pone.0154171 April 27, 2016 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/16774689
http://www.ncbi.nlm.nih.gov/pubmed/18980573
http://www.ncbi.nlm.nih.gov/pubmed/10575763
http://dx.doi.org/10.1111/jpc.12225
http://www.ncbi.nlm.nih.gov/pubmed/23692582
http://www.ncbi.nlm.nih.gov/pubmed/18941262
http://dx.doi.org/10.1186/1471-2458-12-703
http://www.ncbi.nlm.nih.gov/pubmed/22928805
http://dx.doi.org/10.1186/1472-6947-12-133
http://www.ncbi.nlm.nih.gov/pubmed/23157943


using record linkage of survey data and administrative data sources. BMCMed Res Methodol. 2012;
12:90. doi: 10.1186/1471-2288-12-90 PMID: 22747850

29. Mnatzaganian G, Ryan P, Norman PE, Hiller JE. Accuracy of hospital morbidity data and the perfor-
mance of comorbidity scores as predictors of mortality. J Clin Epidemiol. 2012; 65(1):107–15. doi: 10.
1016/j.jclinepi.2011.03.014 PMID: 21803545

30. AIHW. Australia’s mothers and babies 2013—in brief. Perinatal statistics series no. 31. Cat no. PER
72. Canberra: Australian Institute of Health andWelfare, 2015.

31. DoH. Data Quality in the Midwives Notification System. Perth, Western Australia: Maternal and Child
Health Unit, Data Integrity Directorate Performance Activity and Quality Division, 2013.

32. Downey F. A validation study of theWestern Australian Midwives’ Notification System. 2005 data.
Perth: Department of Health, Western Australia, 2007.

33. DoH. Emergency Department Data Collection Data Dictionary Version 1.0. Western Australia: Informa-
tion Management and Reporting, 2007.

34. OAG. Emergency Department Information System–Department of Health 2013. Available: https://audit.
wa.gov.au/reports-and-publications/reports/information-systems-application-controls-audits/
emergency-department-information-system-department-of-health/.

35. Kearns T, Clucas D, Connors C, Currie BJ, Carapetis JR, Andrews RM. Clinic attendances during the
first 12 months of life for Aboriginal children in five remote communities of northern Australia. PLoS
One. 2013; 8(3):e58231. doi: 10.1371/journal.pone.0058231 PMID: 23469270

36. Bar-Zeev S, Kruske S, Barclay L, Bar-Zeev N, Carapetis J, Kildea S. Use of health services by remote
dwelling Aboriginal infants in tropical northern Australia: a retrospective cohort study. BMC Pediatr.
2012; 12(1):19.

37. Zhao Y, Wright J, Guthridge S, Lawton P. The relationship between number of primary health care visits
and hospitalisations: evidence from linked clinic and hospital data for remote Indigenous Australians.
BMC Health Serv Res. 2013; 13:466. doi: 10.1186/1472-6963-13-466 PMID: 24195746

38. Thomas DP, Anderson IP, Kelaher MA. Accessibility and quality of care received in emergency depart-
ments by Aboriginal and Torres Strait Islander people. Aust Health Rev. 2008; 32(4):648–54. PMID:
18980560

39. Freeman T, Baum F, Lawless A, Jolley G, Labonte R, Bentley M, et al. Reaching those with the greatest
need: how Australian primary health care service managers, practitioners and funders understand and
respond to health inequity. Aust J Prim Health. 2011; 17(4):355–61. doi: 10.1071/PY11033 PMID:
22112704

40. Freeman T, Edwards T, Baum F, Lawless A, Jolley G, Javanparast S, et al. Cultural respect strategies
in Australian Aboriginal primary health care services: beyond education and training of practitioners.
Aust N Z J Public Health. 2014; 38(4):355–61. doi: 10.1111/1753-6405.12231 PMID: 25091076

Hospital Utilisation in Indigenous and Non-Indigenous Infants in Western Australia

PLOS ONE | DOI:10.1371/journal.pone.0154171 April 27, 2016 14 / 14

http://dx.doi.org/10.1186/1471-2288-12-90
http://www.ncbi.nlm.nih.gov/pubmed/22747850
http://dx.doi.org/10.1016/j.jclinepi.2011.03.014
http://dx.doi.org/10.1016/j.jclinepi.2011.03.014
http://www.ncbi.nlm.nih.gov/pubmed/21803545
https://audit.wa.gov.au/reports-and-publications/reports/information-systems-application-controls-audits/emergency-department-information-system-department-of-health/
https://audit.wa.gov.au/reports-and-publications/reports/information-systems-application-controls-audits/emergency-department-information-system-department-of-health/
https://audit.wa.gov.au/reports-and-publications/reports/information-systems-application-controls-audits/emergency-department-information-system-department-of-health/
http://dx.doi.org/10.1371/journal.pone.0058231
http://www.ncbi.nlm.nih.gov/pubmed/23469270
http://dx.doi.org/10.1186/1472-6963-13-466
http://www.ncbi.nlm.nih.gov/pubmed/24195746
http://www.ncbi.nlm.nih.gov/pubmed/18980560
http://dx.doi.org/10.1071/PY11033
http://www.ncbi.nlm.nih.gov/pubmed/22112704
http://dx.doi.org/10.1111/1753-6405.12231
http://www.ncbi.nlm.nih.gov/pubmed/25091076

