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Abstract

Objective

To examine health outcomes in Australian Aboriginal and Torres Strait Islander children

experiencing perinatal risk and identify protective factors in the antenatal period.

Methods

Baby/Child cohorts of the Longitudinal Study of Indigenous Children, born 2001–2008,

across four annual surveys (aged 0–8 years, N = 1483). Children with ‘mild’ and ‘moderate-

to-high’ perinatal risk were compared to children born normal weight at term for maternal-

rated global health and disability, and body-mass-index measured by the interviewer.

Results

Almost one third of children had experienced mild (22%) or moderate-to-high perinatal risk

(8%). Perinatal risk was associated with lower body-mass-index z-scores (regression coeffi-

cients adjusted for pregnancy and environment factors: mild = -0.21, 95% CI = -0.34, -0.07;

moderate-to-high = -0.42, 95% CI = -0.63, -0.21). Moderate-to-high perinatal risk was asso-

ciated with poorer global health, with associations becoming less evident in models adjusted

for pregnancy and environment factors; but not evident for disability. A range of protective

factors, including cultural-based resilience and smoking cessation, were associated with

lower risk of adverse outcomes.

Conclusions

Perinatal risks are associated with Australian Aboriginal and Torres Strait children

experiencing adverse health particularly lower body weight. Cultural-based resilience and

PLOS ONE | https://doi.org/10.1371/journal.pone.0212130 February 20, 2019 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Westrupp EM, D’Esposito F, Freemantle J,

Mensah FK, Nicholson JM (2019) Health outcomes

for Australian Aboriginal and Torres Strait Islander

children born preterm, low birthweight or small for

gestational age: A nationwide cohort study. PLoS

ONE 14(2): e0212130. https://doi.org/10.1371/

journal.pone.0212130

Editor: Umberto Simeoni, Centre Hospitalier

Universitaire Vaudois, FRANCE

Received: September 25, 2018

Accepted: January 27, 2019

Published: February 20, 2019

Copyright: © 2019 Westrupp et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The Longitudinal

Study of Indigenous Children is a prospective

cohort study conducted by the Australian

Department of Social Services. The dataset is

publicly available. Prospective users must

complete a deed of licence to access data (further

information: https://www.dss.gov.au/national-

centre-for-longitudinal-data-ncld/access-to-dss-

longitudinal-datasets). Those interested can access

the data in the same manner as the authors. The

authors did not have any special access privileges.

http://orcid.org/0000-0001-6517-6064
https://doi.org/10.1371/journal.pone.0212130
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212130&domain=pdf&date_stamp=2019-02-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212130&domain=pdf&date_stamp=2019-02-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212130&domain=pdf&date_stamp=2019-02-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212130&domain=pdf&date_stamp=2019-02-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212130&domain=pdf&date_stamp=2019-02-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0212130&domain=pdf&date_stamp=2019-02-20
https://doi.org/10.1371/journal.pone.0212130
https://doi.org/10.1371/journal.pone.0212130
http://creativecommons.org/licenses/by/4.0/
https://www.dss.gov.au/national-centre-for-longitudinal-data-ncld/access-to-dss-longitudinal-datasets
https://www.dss.gov.au/national-centre-for-longitudinal-data-ncld/access-to-dss-longitudinal-datasets
https://www.dss.gov.au/national-centre-for-longitudinal-data-ncld/access-to-dss-longitudinal-datasets


smoking cessation may be two modifiable pathways to ameliorating health problems associ-

ated with perinatal risk.

Introduction

Data from two Aboriginal cohorts suggest a long-term health burden associated with perinatal

risk in Aboriginal and Torres Strait Islander children and adults born prior to 1990.[1–4] It is

important to investigate these associations for more recent cohorts of Indigenous Australian

children, to determine whether these health disparities persist in contemporary cohorts twenty

years after these patterns were first identified and calls for change widely discussed.[5, 6] The

social and economic context of Australian Indigenous families is fundamental to understand-

ing child health outcomes.[7, 8] Australian Aboriginal and Torres Strait Islander people have

experienced generational disadvantage and discrimination for over 200 years, and conse-

quently have suffered significant social and health inequities.[7, 8] In line with the National

Aboriginal and Torres Strait Islander Health Plan in Australia, we focus on the social, cultural

and economic protective factors that promote positive health and development in Aboriginal

and Torres Strait Island communities for children born with perinatal risk since 2000.[9, 10]

We test whether a range of child, birth, pregnancy, social and maternal factors offer protection

against adverse health outcomes in the context of perinatal risk.

Findings from the Aboriginal Birth Cohort Study showed that children born intrauterine

growth restricted (small for gestational age) in 1987–1990 were 2cm shorter and 4kg lighter

than peers at age one;[3] and birthweight was negatively associated with child blood pressure,

but not with other measures of chronic disease at 11 years.[4] Evidence from a study of adults

born before 1985 in an Aboriginal community in the Northern Territory showed an associa-

tion between low birthweight and higher rates of mortality, high blood pressure and diabetes.

[1, 2] Studies of Indigenous populations in Canada, New Zealand and the USA also suggest a

link between birth weight and type 2 diabetes, impaired kidney function and high blood pres-

sure.[11]

The current study uses data from Footprints in Time, the Longitudinal Study of Indigenous

Children (LSIC). LSIC is funded and conducted by the Australian government and in the cur-

rent paper is accessed for the purpose of secondary data analysis. We investigate health out-

comes for Aboriginal and Torres Strait Islander children born in 2001–2008 with ‘mild’ and

‘moderate-to-high risk’ in regards to preterm birth, birthweight and size for gestational age.

Comparisons are made with children in the same cohort born full-term with healthy birth-

weight. We investigate associations between perinatal risk and three childhood physical health

outcomes. Consistent with findings from previous cohort studies, we expect that compared to

children born at full-term, children with mild or moderate-to-high perinatal risk will be at

increased risks of disability, physical health problems and a lower body mass index in early

childhood. We expect these associations to be most evident for children with moderate-to-

high compared to mild perinatal risk.

Methods

Study design

Footprints in Time: The Longitudinal Study of Indigenous Children is a prospective cohort

study which aims to improve the understanding of the strengths and challenges experienced

by Aboriginal and Torres Strait Islander children and families. A non-random, purposive
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sampling design was employed, with sample sites selected to be broadly representative of the

socio-economic and community environments where Aboriginal and Torres Strait Islander

children live.[12] Eligible families were approached and informed consent obtained.

This paper uses four time-points of data from the Baby (N = 960) and the Child cohorts

(N = 727), aged 3–60 months (Baby cohort) and 24–68 months (Child cohort) at recruitment

in 2008, and followed annually in 2009, 2010, 2011, and 2012; comprising 2% of the estimated

Indigenous child population aged 0–5 years in Australia at the time of recruitment.[13] On

average the intervals between adjacent assessments were 9.3, 12.2 and 11.2 months for each of

the time-points respectively.[14] A change in child health measures collected at wave 5 prohib-

ited the use of further time-points. Data were collected via face-to-face interviews with the pri-

mary carer of the study child (~93% mothers) and via direct child assessment undertaken by

interviewers during home visits. Ethical approval was obtained from the Australian Govern-

ment Department of Health and Ageing Departmental Ethics Committee. LSIC data are

openly accessible but prospective users must complete a deed of licence and sign a LSIC

Data Integrity Statement in order to access data. Information is available at https://www.dss.

gov.au/about-the-department/publications-articles/research-publications/longitudinal-data-

initiatives/footprints-in-time-the-longitudinal-study-of-indigenous-children-lsic#3.

Participants

All analyses were conducted using combined data from the Baby and Child cohorts. A flow

diagram showing the final analysis sample is presented in Fig 1. Inclusion criteria for this

paper required that the birth mother was the primary carer at time 1 (N = 207 excluded), and

that data were available for either child birthweight or gestational age (N = 69 excluded);

resulting in a final sample of 1483 mothers and their children. Children were classified into

one of three groups. The ‘moderate-to-high perinatal risk’ group if they were born very pre-

term (<32 weeks), extremely small for gestational age (SGA,�1st percentile for weight by ges-

tational age/gender, calculated using Australian birthweight percentiles 1998–2007),[15] and/

or very low birthweight (<1500g). The ‘mild perinatal risk’ group were born at 32–36 weeks’,

were SGA (2nd-9th percentile), and/or had birthweight 1500-2499g. Classification was based

on the category that placed the child at greatest risk, regardless of whether this was based on

one or all three measures of perinatal risk. The full-term group were those children born term

(�37 week’s gestation), normal birthweight (�2,500g), and were not small for gestational age

(�10th percentile).

Outcome measures

Physical health. The overall health of the study child was measured at four annual inter-

views times using one item from the SF-12[16] which assesses perceived global function and

wellbeing as follows “Now I‘d like to ask some questions about your child’s health. In general,

would you say your child’s health is excellent, very good, good, fair or poor?” Children were

categorised on a binary variable as having excellent or very good health compared to good, fair

or poor health. Interviewers followed a script to respond to queries or requests for clarification

from the parents. For this item, the interviewer could reword the question slightly to: “Is

<Study Child>‘s health always good, or are they sick a lot of times?”

Disability. Mothers reported the presence of intellectual, learning, physical, neurological,

developmental, speech, psychiatric, acquired brain injury, and/or other disabilities at three

time-points (time 2 to 4) only. Children were categorised as having a disability or not. There

was no script available for interviewers to provide further clarification on this question but

mothers could view the condition types displayed on a laptop computer.
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Body mass index (BMI). Interviewers measured children’s weight and height in the home

at four annual interviews using standardized equipment and procedures. Children’s BMI (kg/

m2) was then converted into age- and gender-specific z-scores based on the World Health

Organisation Multicentre Growth Reference Study.[17]

Covariates

Where applicable, covariates were coded to be strengths-based in order to test each variable as

a possible protective factor. At the baseline assessment, mothers reported on the study child’s

age and gender, singleton versus multiple birth, their own age, and their smoking or alcohol

use during pregnancy (recoded to non-smoking and no alcohol use during pregnancy). At

every time-point, mothers reported on their employment status, which was recoded to “in

paid employment” (Yes; No). At time 2, mother’s reported on their high school education

level, i.e., whether they had completed year 12 or equivalent (Yes; No). Level of relative (geo-

graphic) isolation was classified using the Accessibility/ Remoteness Index of Australia,[18]

and recoded to represent accessible geographical locations (i.e., no or low remoteness) com-

pared to remote locations (i.e., moderate or high/extreme remoteness).

Fig 1. Flow diagram showing the selection of participants into the final analysis sample.

https://doi.org/10.1371/journal.pone.0212130.g001
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Social and emotional distress was measured using the Social-Emotional Wellbeing subscale

from the Strong Souls Questionnaire,[19] a culturally-sensitive tool developed in consultation

with Indigenous people, and collected at each time-point. Seven items asked how often moth-

ers felt symptoms of anxiety or depression in the last 4 weeks on a four-point likert scale (‘not

much’ to ‘lots’). The scale was reversed so that higher scores indicated higher wellbeing.

Cultural resilience was assessed using the Resilience subscale of the Strong Souls Question-

naire, measuring culturally-related resilience and support.[19] 12 items from the Strong Souls

Questionnaire were measured at time 1 and time 4, but were not available at times 2 and 3.

Thus, data from time 1 was used to adjust for time 1 and 2 outcomes; and data from time 4

was used to adjust for time 3 and 4 outcomes. Higher scores indicate resilience.

Stressful life events were assessed using eleven items at each time asking about stressful

events occurring in the last year, including pregnancy, new job, loss of a job, return to study,

worry about money, housing problems, serious injury, illness or assault, death of family mem-

ber or close friend, alcohol or drug problem, being mugged or assaulted, arrested or involve-

ment with police, ‘humbugged’ (i.e., harassed for money). The 11 items from this scale were

summed to form a total score where higher scores equated to more stressful life events.

Statistical analyses

Analyses were conducted using Stata 13.1 with combined data from the Baby and Child

cohorts. Differences between full-term and defined perinatal risk groups on sample character-

istics were investigated using logistic and linear regression. Health outcomes were compared

for full-term and perinatal risk groups, and unadjusted group differences reported (p for the

trend across severity of perinatal risk) from logistic regression (disability and global health rat-

ings) and linear regression (BMI) analyses. All regression analyses included repeated health

outcomes measures for each child across the waves in which they had participated. The corre-

lation between repeated outcome measures was accounted for using information sandwich

(‘robust’) estimates of standard error. Interaction tests were conducted to evaluate whether

there was evidence that associations varied by child age.

Two sets of multivariable regression models were performed to investigate the association

between mild or moderate perinatal risk and child health outcomes while accounting for child

and other protective (pregnancy, social and maternal) factors. The first model accounted for

child age, gender, and singleton births only (Model 1). The second fully adjusted model

accounted for child age, gender, singleton births; mother report of non-smoking and no alco-

hol use during pregnancy, higher social-emotional functioning, cultural-based resilience, and

lower life event stress; and maternal age, education, not geographically isolated, Indigenous

status, and maternal employment (Model 2).

Missing data

The rate of missing data ranged from 0% to 35%, where the majority of model variables had

<20% missing. Mothers with missing data were more likely to have older children, to identify

themselves as Aboriginal or Torres Strait Islander, and to have used alcohol during pregnancy.

Multivariate multiple imputation using chained equations was performed. All variables in the

analytic models were included in the multiple imputation model to create 50 imputed datasets.

Sample sizes varied for outcomes given that data for disability was not available at time-point

1. Final samples included N = 5932 assessments for global physical heath and BMI, and

N = 4449 assessments for disability. The pattern of results did not differ between imputed data

and complete case analysis, therefore imputed data are reported.
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Results

Sample characteristics

Characteristics of the final sample by full-term and the two perinatal risk groups are shown in

Table 1. One in five children (21.9%) were in the mild perinatal risk category, and 7.6% were

in the moderate-to-high perinatal risk category. There were higher rates of singleton birth in

the full-term children compared to perinatal risk groups, but distributions for child gender

were similar. Rates of maternal non-smoking and no alcohol use during pregnancy were

higher in the full-term group, and lowest in the moderate-to-high perinatal risk group. More

mothers in the perinatal risk groups identified as having an Aboriginal and Torres Strait

Islander background. There were no evident differences between full-term and perinatal risk

groups on child age, maternal age, education, geographical location or employment status; or

on maternal socio-emotional wellbeing or cultural-based resilience. However, mothers in the

full-term group reported fewer stressful life events compared to mothers in the perinatal risk

groups.

Perinatal risk and child health outcomes

Across the full sample, child health was rated by mothers as very good or excellent in 75.2% of

the assessments, while in 2.2% of assessments, mothers reported that their child had a disabil-

ity. BMI z-scores for this sample of children (mean = 0.57; SE = 0.02) were higher than World

Health Organisation 2006 norms (i.e., compared to mean = 0.0)[20]. Table 2 presents descrip-

tive data for child outcomes across the full-term and perinatal risk groups. A greater propor-

tion of children in the mild and moderate-to-high perinatal risk groups were rated by their

mothers as having fair, poor or good health compared to children born full-term (with a

healthy birthweight). There were no differences between the full-term and mild perinatal risk

Table 1. Sample characteristics for full-term and perinatal risk (PR) groups.

Full-term Mild PR Moderate-to-high PR P for the trend

(71.1%) (21.5%) (7.4%)
Baseline characteristics (time 1) % % %

Singleton birth (versus multiple) 99.0 96.3 95.7 0.002

Child female 48.8 48.7 52.1 0.65

Non-smoking pregnancy 55.7 39.8 36.2 <0.001

No alcohol used in pregnancy 78.9 72.5 68.1 0.003

Maternal education Year 12 or above a 46.6 40.7 35.0 0.02

Mother Aboriginal or Torres Strait Islander 80.3 87.8 87.2 0.005

Accessible geographical location 81.4 75.6 74.5 0.02

Characteristics averaged over the assessments (times 1–4)
Child age in months (mean, se) 45.78 (0.36) 48.57 (0.71) 47.22 (1.26) 0.35

Mother age in years (mean, se) 30.38 (0.11) 30.51 (0.22) 30.30 (0.38) 0.89

Social-emotional wellbeing (mean, se) 17.27 (0.06) 16.96 (0.14) 16.69 (0.25) 0.04

Cultural-based resilience (mean, se) 40.47 (0.10) 40.53 (0.20) 39.62 (0.37) 0.19

Two or fewer stressful life events 40.2 36.1 33.7 0.04

Mother in paid employment 64.5 66.8 70.7 0.15

Notes: Data in table are from data including multiple imputation. P-values are from logistic or linear regression comparing sample outcomes by full-term and perinatal

risk groups (p for the trend across full-term, mild, and moderate-to-high perinatal risk groups). Bold-face represents statistically significant results (p<0.05).
aData for maternal education were collected at time 2.

https://doi.org/10.1371/journal.pone.0212130.t001
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groups on rates of disability. A strong gradient was evident for BMI z-scores, where both

perinatal risk groups had lower mean scores compared to the full-term group, and children

in the moderate-to-high group had the lowest scores overall. Underweight and overweight

BMI categories based on WHO guidelines also demonstrated a gradient whereby children

with mild and moderate-to-high perinatal risk were more likely to be underweight and less

likely to be overweight.[17] These differences were most evident in older children (aged 5 or

above).

Table 3 presents odds ratios and regression coefficients with 95% confidence intervals for

each of the health outcomes over the two sets of adjusted models. There was no evidence that

associations varied by child age using a test of interaction, so estimates reflect children across

all ages and repeated assessments. Compared to children born full-term with healthy birth-

weight, mild perinatal risk was not associated with poorer global health or disability outcomes.

Moderate perinatal risk was associated with higher odds of good, fair or poor global health

compared to very good or excellent global health (but not disability) in both adjusted models,

although large variability in the data meant that this association was not statistically significant.

The association between perinatal risk and lower child BMI remained stable across all adjusted

models. In the final fully adjusted models (Model 2), both mild and moderate-to-high perinatal

risk was associated with lower child BMI. The comparison between children in the full-term

and moderate-to-high perinatal risk group equated to a half standard deviation average differ-

ence in BMI.

Very good or excellent global child health were experienced more frequently in context of a

range of protective pregnancy and environmental factors, including mothers not smoking dur-

ing pregnancy, higher levels of maternal-reported cultural-based resilience, and older maternal

age. Cultural-based resilience and older maternal age were similarly protective against low

BMI. Childhood disability was less frequently reported by mothers in less geographically

remote regions. While the results showed that mothers abstaining from alcohol and experienc-

ing lower life stress were less likely to report that their child had very good or excellent health,

and mothers abstaining from alcohol were more likely to report that their child had a disabil-

ity, it is more likely that these findings are reflecting higher health literacy and early recogni-

tion of children’s difficulties for these mothers than a negative effect.

Table 2. Child health outcomes by perinatal risk (PR) groups.

Full-term Mild PR Moderate-to-high PR P for the trend

Fair, poor or good global physical health 23.6% 26.2% 29.5% 0.046

Disability 2.2% 2.3% 2.8% 0.72

Body mass index z-score, mean (se) 0.66 (0.03) 0.41 (0.05) 0.18 (0.09) <0.001

Body mass index WHO categories

Underweight

Below age 5 2.39 3.53 4.25

Age 5 and above 2.16 3.74 9.42

Risk of overweight

Below age 5 62.03 59.80 59.63

Age 5 and above 51.67 52.01 45.23

Notes: Data in table are from data including multiple imputation and are averaged across the four assessment time-points. P-values are from logistic (global health and

disability) or linear (BMI) regression analyses comparing sample outcomes by full-term and perinatal risk groups (p for the trend across full-term, mild, and moderate-

to-high perinatal risk groups). Bold-face represents statistically significant results (p<0.05).

https://doi.org/10.1371/journal.pone.0212130.t002
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Discussion

Our findings suggest there is a continued long-term health burden associated with perinatal

risk in this recent cohort of Aboriginal and Torres Strait Islander children. The most evident

concern was that children born with moderate-to-high perinatal risk were much more under-

weight than full-term children, on average by almost half a standard deviation, and this was

not explained by the child or environmental factors considered. Effects for mild perinatal risk

were smaller, but still showed an association with lower body weight not explained by child or

environmental factors. Perinatal risk was associated with poorer global health although associ-

ations were no longer evident once child and environmental factors were considered. Our

findings suggest that mothers not smoking during pregnancy and higher levels of maternal-

reported cultural-based resilience are protective factors for children’s health outcomes.

Table 3. Mild and moderate-to-high perinatal risk (compared to full-term) as predictors of child physical health outcomes across five sets of adjusted models.

Child Physical Health Outcomes
Poor global physical health

(N = 5932 assessments over

four years)

Disability

(N = 4449 assessments over

three years)

Higher BMI

(N = 5932 assessments over four

years)

Adjusted Models OR [95% CI] p OR [95% CI] p Coef [95% CI] p
1. Perinatal risk

Full-term (reference)

Mild 1.15 [0.93, 1.41] 0.20 0.96 [0.51, 1.79] 0.90 -0.24 [-0.38, -0.10] 0.001

Moderate-to-high 1.37 [0.98, 1.92] 0.06 1.19 [0.52, 2.72] 0.68 -0.47 [-0.69, -0.26] <0.001

Child factors
Child age 1.00 [0.99, 1.00] 0.18 0.98 [0.96, 0.99] 0.01 -0.02 [-0.02, -0.01] <0.001

Child female 0.91 [0.77, 1.07] 0.23 0.57 [0.34, 0.95] 0.03 -0.09 [-0.20, 0.02] 0.12

Singleton birth 1.40 [0.66, 3.00] 0.38 0.35 [0.09, 1.31] 0.12 -0.30 [-0.78, 0.17] 0.21

2. Perinatal risk
Full-term (reference)

Mild 1.09 [0.88, 1.34] 0.44 1.02 [0.54, 1.91] 0.96 -0.21 [-0.34, -0.07] 0.004

Moderate-to-high 1.27 [0.91, 1.78] 0.16 1.20 [0.51, 2.80] 0.68 -0.42 [-0.63, -0.21] <0.001

Child factors
Child age 1.18 [0.96, 1.46] 0.11 1.21 [0.67, 2.16] 0.53 0.10 [-0.03, 0.23] 0.14

Child female 1.00 [0.84, 1.19] 0.99 1.14 [0.68, 1.92] 0.61 -0.17 [-0.28, -0.05] 0.005

Singleton birth 0.99 [0.97, 1.02] 0.56 1.05 [0.98, 1.11] 0.17 0.005 [-0.01, 0.02] 0.59

Protective factors
Non-smoking pregnancy 0.98 [0.96, 0.99] 0.002 0.98 [0.94, 1.02] 0.41 0.01 [0.00, 0.02] 0.10

No alcohol used in pregnancy 1.04 [1.00, 1.08] 0.047 1.15 [1.03, 1.28] 0.01 -0.02 [-0.05, 0.00] 0.09

Higher social-emotional wellbeing 1.00 [0.98, 1.01] 0.61 1.01 [0.98, 1.05] 0.48 0.00 [-0.01, 0.01] 0.78

Cultural-based resilience 0.79 [0.66, 0.95] 0.01 0.92 [0.55, 1.54] 0.74 0.12 [0.01, 0.24] 0.03

Fewer stressful life events 1.38 [1.08, 1.76] 0.01 0.64 [0.34, 1.20] 0.16 -0.05 [-0.19, 0.10] 0.55

Maternal age 0.83 [0.69, 0.99] 0.04 1.73 [0.86, 3.47] 0.13 0.51 [0.38, 0.64] <0.001

Maternal education Year 12 or above 1.08 [0.91, 1.29] 0.36 1.08 [0.65, 1.81] 0.76 -0.13 [-0.24, -0.01] 0.03

Accessible geographical location 1.00 [0.99, 1.00] 0.28 0.98 [0.96, 0.99] 0.01 -0.02 [-0.02, -0.01] <0.001

Mother Aboriginal or Torres Strait Islander 0.90 [0.77, 1.06] 0.22 0.58 [0.35, 0.97] 0.04 -0.09 [-0.20, 0.02] 0.11

Mother employed 1.34 [0.61, 2.96] 0.46 0.40 [0.12, 1.32] 0.13 -0.29 [-0.74, 0.17] 0.22

Notes: BMI = body mass index. Data in tables are from data including multiple imputation and are odds ratios (OR) with 95% confidence intervals [CI] from logistic

regression [global physical health] reflecting the relative odds of being in a less healthy group; logistic regression [disability]; or regression coefficients (coef) with 95%

CI from multiple linear regression [BMI]. Bold-face represents statistically significant results (p<0.05).

https://doi.org/10.1371/journal.pone.0212130.t003
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Persistent underweight represents a risk to healthy development in general populations,

and is associated with poorer global health and special health-care needs in younger children.

[21] Our findings are consistent with the follow-up data from the Aboriginal Birth Cohort

Study, investigating BMI outcomes at age 8–14 years in children born small for gestational age

in 1987–1990. This study followed up 279 of the original birth cohort of 686 Aboriginal and

Torres Strait Islander children, and found that all children had a negative mean z-score for

height and weight; but children born low birth weight remained more underweight than peers

in childhood. They also found that child size rather than birthweight predicted childhood insu-

lin and glucose metabolism.[22] This cohort was followed again at age 18, where children born

small continued to be smaller and lighter.[23] As these authors argue, it will be important for

future research to track health outcomes consistently from early childhood through to later

adulthood to determine whether the effects of perinatal risk change over the life course, and

how childhood underweight translates to adult health (such as overweight and obesity) in later

life. Low maternal BMI has been shown to be a predictor of preterm birth in women attending

Townsville Aboriginal and Islander Health Services,[24] thus there may be danger of cyclical

risk over multiple generations. One potential avenue for further investigation may be to model

individual BMI trajectories with repeated measures data across childhood.

Our findings for child physical health and disability are less easily interpreted than those

related to BMI. Three-quarters of mothers in the overall sample rated their child as having

very good or excellent global health. Although there were no significant differences between

perinatal risk groups for global physical health in the final adjusted models, a gradient was evi-

dent whereby children with perinatal risk, and particularly those with moderate-to-high risk,

were more likely to have lower global ratings indicating poorer health compared to children

born healthy term. Similarly, children with moderate-to-high perinatal risk were more likely

to have a disability, although large variability in the data (related to low prevalence of disability

conditions) meant that this difference was not statistically significant. Both outcomes were

assessed using single-item mother-reported measures rather than symptom-based measures or

screening instruments, which may have reduced recognition in the sample. Under-recognition

and diagnosis of some conditions may relate to how health services vary between communi-

ties, and/or problems with the appropriateness of these health questions in relation to Aborigi-

nal and Torres Strait Islander language and culture.[25] Further investigation is required.

The examination of potential environment protective factors in the current study identified

a number of pathways by which the risks associated with being born preterm, low birth weight

or small for gestational age may be mitigated. Our findings supported cultural-based resilience

being protective against poor global physical health outcomes and low BMI. Not smoking dur-

ing pregnancy was also associated with better global physical health. Child health outcomes

may also be better for older mothers and those living in less remote geographical areas.

Although there has been limited research investigating long-term child health outcomes fol-

lowing preterm, small for gestational age or low birth weight in other Indigenous populations

around the world, there are strong similarities in the health outcomes for Australian Aborigi-

nal and Torres Strait Islander populations and in other Indigenous populations around the

world. For example, rates of preterm birth are 40–70% higher in First Nation and Inuit chil-

dren in Canada; in American Indian, Native Hawaiian and Alaskan Native Peoples in the

United States, and in Maori People in New Zealand, compared to their non-Indigenous coun-

terparts in the same countries.[26] These populations also carry a higher burden of disease and

poor health outcomes compared to non-Indigenous populations.[26] A key strength of the

current study was the large national sample of Aboriginal and Torres Strait Islander children

followed prospectively. However, generalisability may be limited as our analyses required fam-

ilies to have complete perinatal data. The context for current Aboriginal and Torres Strait
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Islander families may have also changed since recruitment in 2008 due to numerous factors,

including those related to policy changes and government initiatives. For example, smoking

rates in Aboriginal people have declined since 2001 but remains high [27] and differs greatly

by region [28]. Although, these kind of positive health improvements over the decade are

unlikely to influence the associations between variables, they may have resulted in fewer fami-

lies and children affected.

The rate of missing data for child BMI was high at 26%. Although we used multiple imputa-

tion, it is possible that the imputation models based on the available data did not fully account

for missing data and our findings may not be representative. Further, it was not possible to dif-

ferentiate outcomes for different communities of Aboriginal and Torres Strait Islander chil-

dren, or for children living in urban versus rural or remote areas, which we would recommend

as an important step for the future.[29] In considering environmental factors as well as perina-

tal risk outcomes we were able to find evidence supporting not smoking through pregnancy

and cultural-based resilience being protective factors for children’s health. We recognise that

differences in early recognition and reporting of children’s difficulties may have masked

expected associations between the use/or abstinence of alcohol and children’s health out-

comes.[30–32]

A key limitation of accessing an existing national dataset applies to our study, where the

authors did not have input into the design or selection of measures in LSIC. The LSIC study

relied on retrospective collection of birth data during infancy or childhood. All findings

require further examination with prospective data, and future research should also validate the

use of the physical health outcome measures with an Aboriginal and Torres Strait Islander

population with more in-depth measures and/or via direct assessment with a physician. We

acknowledge the potential limitation represented in our data by using Australian norms for

categorisation of our birthweight data, while the child BMI data uses international norms

taken from a World Health Organisation study. It’s not clear what influence this may have had

on our findings, but future studies should consider using one system consistently. Our study

also only focussed on a specific subset of perinatal risks related to children being born small

and or early. There is also research evidence showing increased poor health outcomes includ-

ing obesity associated with high birth weight[33], which will be an important area for to inves-

tigate for health promotion within the Australian Aboriginal and Torres Strait Islander

population.

In conclusion, our study provides an assessment of perinatal risk in a recent cohort of

Aboriginal and Torres Strait Islander children. The rates of perinatal risk in this sample were

very high, with almost one third of the sample born preterm, low birthweight and/or small for

gestational age. These rates are comparable to those from cohorts born 20–30 years earlier,[34]

and demonstrate that these risks have persisted despite increased attention on Indigenous

health over the past decades. Our findings show that moderate-to-high perinatal risk is associ-

ated with childhood underweight and with poorer global physical health, although the latter

finding requires further examination. These results are concerning and indicate potential

health disparities for Aboriginal and Torres Strait Islander children born with perinatal risk.

The best opportunity to reduce long-term health disparities may be a comprehensive approach

focussed both on addressing social adversity and improving health service access and provi-

sion, particularly for women at high risk or in remote areas.[35–37] Our study identified two

modifiable protective factors associated with better child health outcomes that suggest future

efforts should focus on improving pre-pregnancy care, including supporting women’s smok-

ing cessation and increasing cultural-based resilience related to socio-emotional wellbeing and

connection to community.[38] In particular, strategies focussed on increasing cultural-based

resilience may help to ameliorate the association between perinatal risk and poor child health
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outcomes. Our findings are consistent with the National Aboriginal and Torres Strait Islander

Health Plan for 2013–2023, which emphasizes the importance of strengthening communities,

reinforcing positive behaviours, and improving living conditions to support better health.[9]

Acknowledgments

This paper uses unit record data from Footprints in Time, the Longitudinal Study of Indige-

nous Children. The study is conducted and managed by the Australian Government Depart-

ment of Social Services (DSS, formerly the Australian Government Department of Families,

Housing, Community Services and Indigenous Affairs). The findings and views reported are

those of the authors and should not be attributed to DSS. The initial analysis for this paper was

undertaken while EW, FD and JN were employed at the Parenting Research Centre. This

paper resulted from a collaboration born out of the Indigenous Child Health Discussion

Group in the Melbourne School of Population and Global Health and Onemda VicHealth

Koori Health, led by JF. The authorship team are not from an Aboriginal and Torres Strait

background and therefore sought input and review from Aboriginal colleagues. We thank the

Aboriginal members of the Indigenous Child Health Discussion Group for their valuable

input in the planning phases of this paper, and also thank Catherine Chamberlain for her

review of the final analysis and manuscript. Although we had some Aboriginal advisory input,

the responsibility for the paper’s analysis and conclusions is that of the authors alone.

Author Contributions

Conceptualization: Elizabeth M. Westrupp, Fabrizio D’Esposito, Jane Freemantle, Fiona K.

Mensah.

Formal analysis: Elizabeth M. Westrupp, Fabrizio D’Esposito, Fiona K. Mensah.

Investigation: Elizabeth M. Westrupp, Jane Freemantle, Jan M. Nicholson.

Methodology: Elizabeth M. Westrupp, Fabrizio D’Esposito, Jane Freemantle, Fiona K.

Mensah.

Project administration: Elizabeth M. Westrupp, Fabrizio D’Esposito, Jane Freemantle, Jan M.

Nicholson.

Supervision: Elizabeth M. Westrupp, Fabrizio D’Esposito, Jane Freemantle, Jan M. Nicholson.

Writing – original draft: Elizabeth M. Westrupp, Fabrizio D’Esposito, Jane Freemantle, Fiona

K. Mensah, Jan M. Nicholson.

Writing – review & editing: Elizabeth M. Westrupp, Fabrizio D’Esposito, Jane Freemantle,

Fiona K. Mensah, Jan M. Nicholson.

References
1. Hoy WE, Nicol JL. Birthweight and natural deaths in a remote Australian Aboriginal community. Medical

Journal of Australia. 2010; 192(1):14. PMID: 20047542

2. Hoy WE, Rees M, Kile E, Mathews JD, Wang Z. A new dimension to the Barker hypothesis: Low birth-

weight and susceptibility to renal disease. Kidney International. 1999; 56(3):1072–7. http://dx.doi.org/

10.1046/j.1523-1755.1999.00633.x. PMID: 10469376

3. Sayers S, Mackerras D, Halpin S, Singh G. Growth outcomes for Australian Aboriginal children aged 11

years who were born with intrauterine growth retardation at term gestation. Paediatric and Perinatal Epi-

demiology. 2007; 21(5):411–7. https://doi.org/10.1111/j.1365-3016.2007.00852.x PMID: 17697071

4. Sayers S, Singh G, Mott S, McDonnell J, Hoy W. Relationships between birthweight and biomarkers of

chronic disease in childhood: Aboriginal Birth Cohort Study 1987–2001. Paediatric and Perinatal Epide-

miology. 2009; 23(6):548–56. https://doi.org/10.1111/j.1365-3016.2009.01071.x PMID: 19840291

Health outcomes of Australian Aboriginal and Torres Strait Islander children preterm, low birthweight or small

PLOS ONE | https://doi.org/10.1371/journal.pone.0212130 February 20, 2019 11 / 13

https://findanexpert.unimelb.edu.au/individual/org145
http://www.ncbi.nlm.nih.gov/pubmed/20047542
http://dx.doi.org/10.1046/j.1523-1755.1999.00633.x
http://dx.doi.org/10.1046/j.1523-1755.1999.00633.x
http://www.ncbi.nlm.nih.gov/pubmed/10469376
https://doi.org/10.1111/j.1365-3016.2007.00852.x
http://www.ncbi.nlm.nih.gov/pubmed/17697071
https://doi.org/10.1111/j.1365-3016.2009.01071.x
http://www.ncbi.nlm.nih.gov/pubmed/19840291
https://doi.org/10.1371/journal.pone.0212130


5. Leeder SR. Commitment to improving Indigenous health. Australian and New Zealand Journal of Public

Health. 1998; 22(6):635–6. https://doi.org/10.1111/j.1467-842X.1998.tb01457.x PMID: 9848951

6. Angus S, Lea T. Planning for better health outcomes requires Indigenous perspective. Australian and

New Zealand Journal of Public Health. 1998; 22(6):636–7. https://doi.org/10.1111/j.1467-842X.1998.

tb01458.x PMID: 9848952

7. McDonald JL, Comino E, Knight J, Webster V. Developmental progress in urban Aboriginal infants: A

cohort study. Journal of Paediatrics and Child Health. 2012; 48(2):114–21. https://doi.org/10.1111/j.

1440-1754.2011.02067.x PMID: 21470334

8. Zubrick SR, Lawrence DM, Silburn SR, Blair E, Milroy H, Wilkes T, et al. The Western Australian Aborig-

inal Child Health Survey: The Health of Aboriginal Children and Young People. Perth: Telethon Insti-

tute for Child Health Research, 2004.

9. Government Australian. National Aboriginal and Torres Strait Islander Health Plan 2013–2023. Can-

berra: Department of Health and Ageing, Commonwealth of Australia, 2013 ISBN: 978-1-74241-980-0.

10. Department of Health. Implementation Plan for the National Aboriginal and Torres Strait Islander Health

Plan 2013–2023. Canberra: Australian Government, 2015.

11. McNamara BJ, Gubhaju L, Chamberlain C, Stanley F, Eades SJ. Early life influences on cardio-meta-

bolic disease risk in aboriginal populations—what is the evidence? A systematic review of longitudinal

and case–control studies. International Journal of Epidemiology. 2012; 41(6):1661–82. https://doi.org/

10.1093/ije/dys190 PMID: 23211415

12. Department of Families Housing Community Services and Indigenous Affairs. Footprints in Time: The

Longitudinal Study of Indigenous Children-Key Summary Report from Wave 1. Canberra: FaHCSIA,

2009.

13. Australian Institute of Health and Welfare. Australia’s Health 2010: 12th Biennial Health Report. Can-

berra: 2010.

14. Australian Government Department of Social Services. Footprints in Time: the Longitudinal Study of

Indigenous Children. Data User Guide Release 9.0. 2018.

15. Dobbins TA, Sullivan EA, Roberts CL, Simpson JM. Australian national birthweight percentiles by sex

and gestational age, 1998–2007. Medical Journal of Australia. 2012; 197(5):291. PMID: 22938128

16. Jenkinson C, Layte R. Development and testing of the UK SF-12 (short form health survey). Journal of

Health Services Research & Policy. 1997; 2(1):14–198.

17. de Onis M, Garza C, Victora C, Onyango A, Frongillo E, Martines J. The WHO Multicentre Growth Ref-

erence Study: planning, study design, and methodology. The Food and Nutrition Bulletin 2004; 25(1

Suppl):S15–26. https://doi.org/10.1177/15648265040251S103 PMID: 15069916

18. Department of Health and Aged Care (DoHAC). Measuring remoteness: Accessibility/remoteness

index of Australia (ARIA), revised edition. Canberra2001.

19. Thomas A, Cairney S, Gunthorpe W, Paradies Y, Sayers S. Strong Souls: development and validation

of a culturally appropriate tool for assessment of social and emotional well-being in Indigenous youth.

Australian and New Zealand Journal of Psychiatry. 2010; 44(1):40–8. https://doi.org/10.3109/

00048670903393589 PMID: 20073566

20. World Health Organization Multicentre Growth Reference Study Group. WHO Child Growth Standards:

Methods and development: Length/height-for-age, weight-for-age, weight-for-length, weight-for-height

and body mass index-for-age 2006.

21. Wake M, Clifford S, Patton G, Waters E, Williams J, Canterford L, et al. Morbidity patterns among the

underweight, overweight and obese between 2 and 18 years: population-based cross-sectional analy-

ses. International Journal of Obesity. 2013; 37(1):86–93. https://doi.org/10.1038/ijo.2012.86 PMID:

22689070

22. Sayers SM, Mackerras D, Singh G, Reid A. In an Aboriginal birth cohort, only child size and not birth

size, predicts insulin and glucose concentrations in childhood. Diabetes Research and Clinical Practice.

2004; 65(2):151–7. http://dx.doi.org/10.1016/j.diabres.2003.12.006. PMID: 15223227

23. Sayers S, Mott S, Singh G. Fetal growth restriction and 18-year growth and nutritional status: Aboriginal

birth cohort 1987–2007. American Journal of Human Biology. 2011; 23(3):417–9. https://doi.org/10.

1002/ajhb.21133 PMID: 21484914

24. Panaretto K, Lee H, Mitchell M, Larkins S, Manessis V, Buettner P, et al. Risk factors for preterm, low

birth weight and small for gestational age birth in urban Aboriginal and Torres Strait Islander women in

Townsville. Australian and New Zealand Journal of Public Health. 2006; 30(2):163–70. https://doi.org/

10.1111/j.1467-842X.2006.tb00111.x PMID: 16681339

25. D’Aprano A, Silburn S, Johnston V, Robinson G, Oberklaid F, Squires J. Adaptation of the Ages and

Stages Questionnaire for Remote Aboriginal Australia. Qualitative Health Research. 2016; 26(5):613–

25. https://doi.org/10.1177/1049732314562891 PMID: 25488936.

Health outcomes of Australian Aboriginal and Torres Strait Islander children preterm, low birthweight or small

PLOS ONE | https://doi.org/10.1371/journal.pone.0212130 February 20, 2019 12 / 13

https://doi.org/10.1111/j.1467-842X.1998.tb01457.x
http://www.ncbi.nlm.nih.gov/pubmed/9848951
https://doi.org/10.1111/j.1467-842X.1998.tb01458.x
https://doi.org/10.1111/j.1467-842X.1998.tb01458.x
http://www.ncbi.nlm.nih.gov/pubmed/9848952
https://doi.org/10.1111/j.1440-1754.2011.02067.x
https://doi.org/10.1111/j.1440-1754.2011.02067.x
http://www.ncbi.nlm.nih.gov/pubmed/21470334
https://doi.org/10.1093/ije/dys190
https://doi.org/10.1093/ije/dys190
http://www.ncbi.nlm.nih.gov/pubmed/23211415
http://www.ncbi.nlm.nih.gov/pubmed/22938128
https://doi.org/10.1177/15648265040251S103
http://www.ncbi.nlm.nih.gov/pubmed/15069916
https://doi.org/10.3109/00048670903393589
https://doi.org/10.3109/00048670903393589
http://www.ncbi.nlm.nih.gov/pubmed/20073566
https://doi.org/10.1038/ijo.2012.86
http://www.ncbi.nlm.nih.gov/pubmed/22689070
http://dx.doi.org/10.1016/j.diabres.2003.12.006
http://www.ncbi.nlm.nih.gov/pubmed/15223227
https://doi.org/10.1002/ajhb.21133
https://doi.org/10.1002/ajhb.21133
http://www.ncbi.nlm.nih.gov/pubmed/21484914
https://doi.org/10.1111/j.1467-842X.2006.tb00111.x
https://doi.org/10.1111/j.1467-842X.2006.tb00111.x
http://www.ncbi.nlm.nih.gov/pubmed/16681339
https://doi.org/10.1177/1049732314562891
http://www.ncbi.nlm.nih.gov/pubmed/25488936
https://doi.org/10.1371/journal.pone.0212130


26. Crengle S, Freemantle J, Gallaher G, McAullay D, McShane K, Taualii M. Indigenous Children’s Health

Report: Health Assessment in Action. Keenan Research Centre, 2009.

27. Chamberlain C, Perlen S, Brennan S, Rychetnik L, Thomas D, Maddox R, et al. Evidence for a compre-

hensive approach to Aboriginal tobacco control to maintain the decline in smoking: an overview of

reviews among Indigenous peoples. Systematic Reviews. 2017; 6(1):135. https://doi.org/10.1186/

s13643-017-0520-9 PMID: 28693556

28. Wright A, Lovett R, Roe Y, Richardson A. Enhancing national data to align with policy objectives:

Aboriginal and Torres Strait Islander smoking prevalence at finer geographic levels. Australian Health

Review. 2018; 42(3):348–55. https://doi.org/10.1071/AH16269. PMID: 28578755

29. Coory M. Is birthweight an appropriate health-outcome measure for Torres Strait Islander babies? Aus-

tralian and New Zealand Journal of Public Health. 2000; 24(1):60–3. https://doi.org/10.1111/j.1467-

842X.2000.tb00724.x PMID: 10777980

30. O’Leary CM, Elliott EJ, Nassar N, Bower C. Exploring the potential to use data linkage for investigating

the relationship between birth defects and prenatal alcohol exposure. Birth Defects Research Part A:

Clinical and Molecular Teratology. 2013; 97(7):497–504. https://doi.org/10.1002/bdra.23142 PMID:

23873815

31. Lee KSK, Harrison K, Mills K, Conigrave KM. Needs of Aboriginal Australian women with comorbid

mental and alcohol and other drug use disorders. Drug and Alcohol Review. 2014; 33(5):473–81.

https://doi.org/10.1111/dar.12127 PMID: 24666748

32. O’Leary C, Leonard H, Bourke J, D’Antoine H, Bartu A, Bower C. Intellectual disability: population-

based estimates of the proportion attributable to maternal alcohol use disorder during pregnancy.

Developmental Medicine & Child Neurology. 2013; 55(3):271–7. https://doi.org/10.1111/dmcn.12029

PMID: 23241019

33. Schellong K, Schulz S, Harder T, Plagemann A. Birth Weight and Long-Term Overweight Risk: System-

atic Review and a Meta-Analysis Including 643,902 Persons from 66 Studies and 26 Countries Globally.

PLOS ONE. 2012; 7(10):e47776. https://doi.org/10.1371/journal.pone.0047776 PMID: 23082214

34. Mackerras D. Size for gestation in Aboriginal babies: a comparison of two papers. Australian and New

Zealand Journal of Public Health. 2000; 24(3):287–90. https://doi.org/10.1111/j.1467-842X.2000.

tb01570.x PMID: 10937406

35. Boyle J, Eades S. Closing the gap in Aboriginal women’s reproductive health: some progress, but still a

long way to go. Australian and New Zealand Journal of Obstetrics and Gynaecology. 2016; 56(3):223–

4. https://doi.org/10.1111/ajo.12470 PMID: 27250704

36. Durey A. Reducing racism in Aboriginal health care in Australia: where does cultural education fit? Aus-

tralian and New Zealand Journal of Public Health. 2010; 34:S87–S92. https://doi.org/10.1111/j.1753-

6405.2010.00560.x PMID: 20618302

37. Korda RJ, Banks E, Clements MS, Young AF. Is inequity undermining Australia’s ‘universal’ health care

system? Socio-economic inequalities in the use of specialist medical and non-medical ambulatory

health care. Australian and New Zealand Journal of Public Health. 2009; 33(5):458–65. https://doi.org/

10.1111/j.1753-6405.2009.00430.x PMID: 19811484

38. Day A, Francisco A. Social and emotional wellbeing in Indigenous Australians: identifying promising

interventions. Australian and New Zealand Journal of Public Health. 2013; 37(4):350–5. https://doi.org/

10.1111/1753-6405.12083 PMID: 23895478

Health outcomes of Australian Aboriginal and Torres Strait Islander children preterm, low birthweight or small

PLOS ONE | https://doi.org/10.1371/journal.pone.0212130 February 20, 2019 13 / 13

https://doi.org/10.1186/s13643-017-0520-9
https://doi.org/10.1186/s13643-017-0520-9
http://www.ncbi.nlm.nih.gov/pubmed/28693556
https://doi.org/10.1071/AH16269
http://www.ncbi.nlm.nih.gov/pubmed/28578755
https://doi.org/10.1111/j.1467-842X.2000.tb00724.x
https://doi.org/10.1111/j.1467-842X.2000.tb00724.x
http://www.ncbi.nlm.nih.gov/pubmed/10777980
https://doi.org/10.1002/bdra.23142
http://www.ncbi.nlm.nih.gov/pubmed/23873815
https://doi.org/10.1111/dar.12127
http://www.ncbi.nlm.nih.gov/pubmed/24666748
https://doi.org/10.1111/dmcn.12029
http://www.ncbi.nlm.nih.gov/pubmed/23241019
https://doi.org/10.1371/journal.pone.0047776
http://www.ncbi.nlm.nih.gov/pubmed/23082214
https://doi.org/10.1111/j.1467-842X.2000.tb01570.x
https://doi.org/10.1111/j.1467-842X.2000.tb01570.x
http://www.ncbi.nlm.nih.gov/pubmed/10937406
https://doi.org/10.1111/ajo.12470
http://www.ncbi.nlm.nih.gov/pubmed/27250704
https://doi.org/10.1111/j.1753-6405.2010.00560.x
https://doi.org/10.1111/j.1753-6405.2010.00560.x
http://www.ncbi.nlm.nih.gov/pubmed/20618302
https://doi.org/10.1111/j.1753-6405.2009.00430.x
https://doi.org/10.1111/j.1753-6405.2009.00430.x
http://www.ncbi.nlm.nih.gov/pubmed/19811484
https://doi.org/10.1111/1753-6405.12083
https://doi.org/10.1111/1753-6405.12083
http://www.ncbi.nlm.nih.gov/pubmed/23895478
https://doi.org/10.1371/journal.pone.0212130

