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Abstract

Introduction Extensive literature has investigated the prenatal risk factors of developmental delay in children,

with evidence highlighting the impact of prenatal health, mental health, and behavioural factors. While a deficit
discourse has underscored Indigenous health research and policies, strengths-based approaches provide an opportu-
nity to reframe this discourse, to illustrate and celebrate the strength and resilience of Australian Indigenous families.
As such, this study aimed to identify the protective impact of healthy pregnancy and lifestyle in mothers on devel-
opmental delay in Indigenous Australian children; and whether it varies by child birthweight adjusted for gesta-
tional age. Further, we also tested whether child birthweight for adjusted gestational age mediates the association
between a healthy pregnancy and lifestyle in mothers and developmental delay in their Indigenous offspring.

Methods Strength-based analysis was conducted using data from 8 longitudinal waves of LSIC study in Australia.
Random-effect models were used to longitudinally measure the impact of maternal healthy pregnancy and lifestyle
on developmental delays in their children between 2008 and 2018. A composite score (ranging from 0 to 3, score=3
refers to most healthy pregnancy) was created for a healthy pregnancy and lifestyle variable using three criteria — (1)
a lack of medical conditions, (2) no substance use including smoking/alcohol/illicit drugs, and (3) intake of iron/folic
acid during pregnancy. All models were adjusted for potential covariates.

Results Of the 780 mother-child dyads analysed, 65.4% of mothers reported healthy pregnancy and lifestyle;

while 73.5% of children born with a recommended appropriate birthweight adjusted for gestational age, and 91.4%
reported no developmental delays. In children born in the recommended range of appropriate birthweight adjusted
for gestational age, healthy pregnancy in mothers (most healthy, aOR: 4.76, 95% Cl: 1.12-20.18; and 2nd most healthy,
aOR: 4.02, 95% Cl: 1.09-14.83) was protective against development delay compared to maternal unhealthy pregnancy.
Living in remote areas (vs. major city, and regional) was also found to be protective against developmental delay

in those who were born within the recommended range of birthweight adjusted for gestational age. Further, the cur-
rent study found that child birthweight for adjusted gestational age does not have any mediating effect on the asso-
ciation between healthy pregnancy in mothers and developmental delay in their children.
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Conclusion This strengths-based study suggests healthy pregnancy in mothers should be advocated to prevent
developmental delay in their offspring in the Australian Indigenous population. The findings also found living

in remote areas has a protective effect against developmental delay in Indigenous children who born within the rec-
ommended range of birthweight adjusted for gestational age. These findings have implications for challenging

and reframing the deficit discourse surrounding Indigenous Australian health research and policymaking. Fur-

ther studies are needed to investigate the positive relationship between Indigenous Australians'health and social
and emotional well-being (SEWB) and their connection to their country and culture.

Keywords Healthy pregnancy, Lifestyle, Developmental delay, Maternal and child health, Children and adolescents,
Paediatrics, Strength-based analysis, Mediation analysis, Indigenous population, Australia

Introduction
Historical and intergenerational trauma, displacement,
racism, and loss of cultural heritage continue to influence
the social and emotional wellbeing (SEWB) of Aboriginal
and Torres Strait Islander peoples (hereafter, Indigenous
Australians) [35, 56, 61, 69]. Before colonisation, Indig-
enous peoples in Australia evolved sophisticated complex
societies, local knowledge systems and cultures that ena-
bled them to adapt and thrive in shifting socio-environ-
mental conditions [9, 54]. Furthermore, despite immense
hurdles given by historical, intergenerational, and current
trauma, relocation, racism, and loss of cultural legacy,
Indigenous peoples continue to display extraordinary
resilience, maintaining and cultivating culture and SEWB
(i.e. A physically healthy, culturally intact and spiritually
connected person [9] in the Indigenous community) [9,
69]. Regardless, Indigenous Australian children experi-
ence an increased burden of neurodevelopmental diffi-
culties. In a cohort of children born in Western Australia
between 1983 and 2010, the estimated prevalence of
intellectual impairment (ID) or autism spectrum dis-
orders (ASDs) was more than twice among Indigenous
children compared to non-Indigenous children [8]. Simi-
larly, analysis of birth records from 1996 to 2005 showed
that Indigenous children had an increased risk of post-
neonatal and pre/perinatal cerebral palsy (CP) compared
to non-Indigenous children [7]. Evidence suggests that
the burden of developmental challenges in Indigenous
Australian children is highest in regional/remote areas
of Australia, with studies revealing a significant preva-
lence of and burden from fetal alcohol spectrum disor-
ders (FASDs) among Indigenous Australian children in
remote communities [27], with long-term developmen-
tal delays [22, 21, 28, 50-53, 74] and increased rates of
hospitalisation observed among this cohort [23]. Given
these long-term impacts, extensive research has sought
to investigate the factors that impact children’s risk of
developmental delay.

Existing evidence highlights the critical role that pre-
natal health has on children’s neurodevelopment. For
instance, research has shown an association between

prenatal diabetes and children’s cognitive development
[2]; gestational hypertensive diseases in mothers associ-
ated with increased risk of reduced verbal ability in off-
spring [79]; and maternal obesity in the prenatal period
is linked with poorer child outcomes such as neurodevel-
opment, problem-solving and fine-motor skills, execu-
tive functioning, and working memory [57]. Further,
studies have revealed an association between maternal
iron deficiency and autism, schizophrenia, and abnormal
brain structure [33], as well as low iodine intake during
pregnancy and poorer language skills and school perfor-
mance in children [1]. Mental health and well-being are
also critical determinants of children’s developmental
outcomes, with a recent review suggesting an associa-
tion between poorer maternal mental health and lower
IQ scores, neurodevelopment, developmental delay, and
motor and language skills in children [75]. Literature has
also identified associations between maternal anxiety or
depression and children’s socioemotional, mental health,
and cognitive functioning [37] and prenatal exposure
to stress and increased risk for behavioural and mental
health problems in children [77]. Behavioural risk fac-
tors during pregnancy are also shown to impact child
development, with prenatal alcohol exposure [29, 46,
48], tobacco smoking [16, 58], cannabis use [15, 67], and
other drug use [32, 68, 80, 81] associated with a range of
neurodevelopmental, physical, and behavioural outcomes
among children. Furthermore, previous research suggests
that gestational age and child birthweight are linked with
neurodevelopmental outcomes in children, although the
findings across the studies were found to be inconsistent
and inconclusive [40, 45].

Australian Government initiatives have focused on
supporting the healthy development of Indigenous chil-
dren [59], including reducing prenatal exposure to risk
factors for adverse neurodevelopmental outcomes [14].
However, critics have raised concerns about the deficit
discourse that underpins these policies and the research
and media surrounding Indigenous health and efforts to
reduce disparities between Indigenous and non-Indig-
enous peoples’ health outcomes. This deficit discourse
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has often presented Indigenous peoples with a narra-
tive of disadvantage, negativity, and failure; overlooking
the historical, socioeconomic, and political structures
that created and reinforced disparities; presenting Indig-
enous peoples’ health as an issue requiring fixing; and
failing to acknowledge Indigenous people’s strengths
and capabilities in research, policies, and programs [10,
26, 30]. Further, the deficit discourse approach has failed
to recognise Indigenous Australians’ resilience to adver-
sity—including how individual and collective resilience is
determined by connection to culture, community, ances-
try, and country [76]. Culturally safe health services fur-
ther support healthy pregnancies and births [13, 44].

A strengths-based approach has been proposed as
an antidote to the deficit discourse that underscores
Indigenous health research and practice [3, 43, 64].
This approach does not deny disparities or mispresent
data; instead, it aims to shift the narrative and focus of
Indigenous health to identifying capabilities, assets, and
strengths among individuals and groups; and identify-
ing alternative mechanisms to address health issues [31].
Bryant et al. [10] suggests three pillars of strengths-based
Indigenous health research: (1) resilience approaches that
centre on the skills of individuals; (2) social-ecological
approaches that focus on individual, community, and
structural capabilities in a person’s environment; and (3)
sociocultural approaches that emphasise social relations,
collective identities, and practices. Further, Thurber et al.
[72] argue that instead of identifying and modifying risk
factors, strengths-based Indigenous health research
should focus on identifying protective factors against
adverse health outcomes and factors associated with pos-
itive health and wellbeing—with policies and programs
leveraging these insights to improve health.

Strengths-based approaches have recently been
adopted in Indigenous Australian children’s health
research. For example, Islam et al. [42] analysed data from
the Longitudinal Study of Indigenous Children (LSIC) to
identify individual, relational, and geographic factors that
were protective against self-harm and suicidality among
Indigenous adolescents. Similarly, Westrupp et al. [78]
analysed LSIC data to identify perinatal risk and pro-
tective factors for children’s health. However, no studies
have used a strengths-based approach to investigate the
factors that are protective against neurodevelopmental
outcomes, and none have examined the mediating effect
of child birthweight for gestational age on the association
between healthy pregnancy and neurodevelopmental
outcomes in Indigenous Australian children. Therefore,
this study aimed to examine the protective impact of
healthy pregnancy and lifestyle in mothers on develop-
mental delay in Indigenous Australian children included
in the LSIC; and further tested the mediating effect of
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child birthweight for gestational age on the association
between healthy pregnancy and developmental delay
following a strengths-based approach, as previously sug-
gested by Thurber et al. [72].

Methods
Data source and study participants
The LSIC is an ongoing national prospective cohort study
that receives financial support and guidance from the
Australian Government Department of Social Services.
LSIC aims to provide a comprehensive understanding of
the experiences encountered by Indigenous children in
Australia and to make a meaningful contribution towards
formulating and implementing comprehensive strate-
gies to mitigate the existing disparities in life and health
outcomes between the Indigenous and non-Indigenous
populations of Australia. Additionally, the study empha-
sises identifying the strengths and resilience exhibited
by Indigenous children and adolescents as they navigate
through different developmental phases. Previous lit-
erature has documented the study design employed for
the LSIC [20]. In summary, the LSIC used non-random
purposive sampling to select 11 Indigenous communities
in Australia to longitudinally track the growth, develop-
ment, and specific outcomes of more than 1200 Indige-
nous families, including parents, carers, and adolescents
residing in urban, regional, and remote areas. Figure 1
below depicts the geographical distribution of the Indig-
enous families involved in the LSIC study.

The baseline survey (i.e., first wave) of LSIC began
in 2008, involving two distinct cohorts of Indigenous

Fig. 1 Geographical distribution of LSIC sample [20]
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children. The younger cohort (B-cohort) consisted
of children aged 0-1.5 years at the start of the study
(n=812), and the older cohort (K-cohort) comprised
children aged 3.5-5 years at the beginning of the study
(n=>586). These same children continued to participate
in subsequent waves of data collection, which took place
annually. In-person interviews, administered by an Indig-
enous Australian, were conducted with the study’s partic-
ipants, including the child, parent, and teacher [20].

The present investigation used data from eight longitu-
dinal LSIC waves (W1, W3, W4, W5, W6, W7, W9 and
W11) conducted between 2008 and 2018 involving the
same participants linked between waves using unique
identifier numbers to incorporate 780 Indigenous ado-
lescents (B-cohort=484 and K-cohort=296) from LSIC
database. In this study, variables related to the mother of
the study child were taken from W1; and the same study
child was linked to their data in the following LSIC waves
(W3, W4, W5, W6, W7, W9 and W11) for outcome vari-
ables of interest (i.e. developmental delay in study child).
We incorporated individuals who supplied compre-
hensive data on the dependent variable (developmental
delay), independent variables (healthy pregnancy and
lifestyle in mothers) and potential covariates. We per-
formed a complete case analysis (CCA), which means we
omitted a case entirely if one or more of the variables of
interest were missing as the missing data are likely to be
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missing at random. Since CCA typically produces unbi-
ased estimates in regression models, we opted to use
raw data rather than imputing for missing variables [82];
hence, a total of 618 participants who did not respond
to the outcome variable (#=274) and explanatory vari-
ables (n=345) were excluded from the analysis. Total
sample characteristics including omitted samples are pre-
sented in supplementary material (Appendix 1), and the
flow chart for the analytical sample selection process is
depicted in Fig. 2.

Measures

The study investigated a variety of variables related to the
Indigenous population in Australia, particularly relevant
to healthy pregnancy in mothers and developmental
delays among Indigenous adolescents aged 11-16 years
using the ‘Positive Outcome Approach’ [71]. Briefly, this
approach emphasises the importance of focusing on pro-
tective factors (e.g., healthy pregnancy and lifestyle in
mothers) and positive outcome variables (e.g., no devel-
opmental delays in children) instead of focusing on risk
factors and negative outcome variables. Table 1 lists the
study’s variables.

Cultural integrity
This study enabled Indigenous and non-Indigenous
co-authors to learn from one another. It allowed the

Total sample from LSIC
waves (1-11)

n=1398

Excluded (n=618)

- Missing data for
outcome variables
(developmental delay in
children), n=274

- No responses for
explanatory variables,
n=345

Younger B-Cohort
(n=812) & Older
K-Cohort (n=586)

Final analytical sample
(n=780)

Fig. 2 Flow chart for sample selection
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Variables

Description of variables

Outcome variable
Developmental delay

Explanatory variable
Healthy pregnancy and lifestyle

Maternal age
Maternal education

Maternal employment
Area of residence

Child birthweight adjusted
for gestational age.

Parents of the study child self-reported about their offspring’s developmental delay using a validated tool - Parents’
Evaluations of Developmental Status (PEDS) [34, 71]. Based on the responses in the PEDS questionnaire, a derived vari-
able was created by the LSIC team whether the study child had any developmental delay (i.e., cognitive, behavioural,
speech or physical delays) or not. The Response options were categorised as 'Yes' (coded 0) and ‘No'(coded 1). Devel-
opmental delay was longitudinally extracted from seven LSIC waves—W3, W4, W5, W6, W7, W9 and W11.

From the responses of the following items from LSIC W1 - whether mother had any medical condition (i.e. diabetes
mellitus, hypertension, pre-eclampsia, anaemia, and depression) during pregnancy (coded 0 for Yes, and 1 for No);
whether mother smoked/drank alcohol or used any other substances (Marijuana and/or other illicit drugs) dur-

ing pregnancy (coded 0 for Yes, and 1 for No); and whether mother took iron and folic acid during pregnancy (coded
0 for No, and 1 for Yes); we created a variable 'healthy pregnancy and lifestyle’ with a composite score ranging from 0
to 3 (highest score 3 means most healthy pregnancy while lowest score 0 refers to most unhealthy pregnancy).

The age of the mother during pregnancy was used as a continuous variable and gathered from W1.

The mother’s education was categorised into Year 12 and below (coded as 0), Cert IV (coded as 1), and Diploma and/
or above (coded as 2). The educational status of the mother was obtained from W1.

Whether the mother is employed or not. Unemployed coded as‘0’and Employed code as ‘1’ were obtained from W1.

According to the Australian Statistical Geography Standard (ASGS), and the Australian Bureau of Statistics (ABS), there
are five different classifications of remoteness across Australia: Major Cities, Inner Regional, Outer Regional, Remote,
and Very Remote [5]. A new variable, Area of Residence, was constructed from the responses. ‘Major cities' were
coded with'0; while inner regional’and ‘outer regional’ were classified as‘Regional’ (coded as 1), and remote; and 'very
remote’ were termed as ‘Remote’ (coded as 2). This variable was taken from W1.

According to the Australian Institute of Health and Welfare (AIHW) report on Australia’s mothers and babies [4],
“Adjusting birthweight for gestational age allows for differences in a baby’s growth status and maturity to be consid-
ered when examining their health at birth. Babies are defined as being small for gestational age if their birthweight
is below the 10th percentile for their gestational age and sex, and babies are defined as large for gestational age

if their birthweight is above the 90th percentile for their gestational age and sex, as determined by national percen-
tiles”Where gestational age was categorised into three - pre-term (< 37 weeks of gestation), term (37-41 weeks),
and post-term (=42 weeks), and child birthweight was categorised into three - low birth weight (< 2.5 Kg), healthy
birthweight (2.5-<4.5Kg) and high birthweight (> 4.5Kg).

In LSIC, the variable - ‘Child birthweight adjusted for gestational age’ was categorised into three - small, appropriate,
and large using the following cut-offs - small if the child birthweight is below the 10th percentile for gestational age
and sex, while large if the child birthweight is above the 90th percentile for the gestational age and sex. However,

in this study, for analytical purposes, we recategorized into two - inappropriate coded as 0 (small/large) and appropri-
ate coded as 1. (Extracted from LSIC W1).

Variables were coded as strengths-based to examine each variable as a protective factor

Noongar/Yamatji Aboriginal co-author (TE) to expand
his research capacity and other members of the team
to benefit from his leadership, expertise, and knowl-
edge of Indigenous health. Author TE governs, shares,
maintains, and enhances his cultural and intellectual
legacy by steering the research processes with Indig-
enous ways of knowing, being, and doing. This study
was influenced by a strength-based model and incor-
porated aspects of the CREATE Aboriginal and Torres
Strait Islander quality appraisal tool [36] to ensure cul-
tural integrity. Moreover, the Footprints in Time Steer-
ing Committee, which is made up of Indigenous people,
governs the overall LSIC study. The Committee advises
on the survey questions, the study plan, how to collect
data, how to involve the community, issues of ethics
and cultural sensitivity, and how to analyse and inter-
pret collected data [20].

Data analysis

First, descriptive statistics (frequency and percentages)
were computed for the outcome variable, explanatory
variables, and covariates. Later, to conduct a multivari-
able longitudinal analysis, we considered the hierarchi-
cal nature of the study sample, specifically the fact that
Indigenous children were nested within households, and
households were nested within clusters in the LSIC. Fol-
lowing the LSIC team’s recommendations, we utilised
a weighted sample and implemented random-effect
logistic models with robust standard errors through the
bootstrap method [25, 49] to examine the protective
influence of healthy pregnancy and lifestyle in mothers
against developmental delays in their children, incorpo-
rating a random intercept to address geographic cluster-
ing of individuals [38]. The analysis was stratified based
on the child’s birthweight adjusted for gestational age.
The variables that yielded a p-value of less than 0.05 in
the unadjusted models were included in the adjusted
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models. Model fit statistics were also estimated in terms
of AIC and BIC. Furthermore, we conducted media-
tion analysis following Barron and Kenny’s approach [6]
modified by Iacobucci et al. [41] via Structural Equation
Modelling (SEM) using the Stata package ‘medsem’ [55]
to test whether ‘child birthweight for gestational age’ has
any mediating effect in the association between a healthy
pregnancy and developmental delay in Indigenous ado-
lescents. The statistical analyses were performed using
Stata/SE 14.0, with a 0.05 significance level.

Ethics

The study was approved by the Footprints in Time Steer-
ing Committee, and the study’s content and fieldwork
were approved by the Human Research Ethics Commit-
tee of the Australian Institute of Aboriginal and Tor-
res Strait Islander Studies (Ethics code: AIATSIS). The
authorship team has been granted access to LSIC data for
the study and publication by the Australian Data Archive

Table 2 Sample characteristics (n=780)
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Dataverse (Application reference no. 440644). All partici-
pants provided written informed consent.

Results

Study characteristics

In Table 2, sample characteristics of the study popula-
tion are portrayed. Overall, the mean age of the study
child’s mothers was 29.0 years (SD=6.32). Nearly one-
third of the mothers (n=>584, 74.9%) completed Year 12
and below during pregnancy, and most were unemployed
at the time of gestation (#=525, 67.3%). Approximately
two-thirds of mothers (n=501, 64.3%) were living in
regional and remote areas during pregnancy. About
73.5% (n=573) of the study children were born with
appropriate birthweight for gestational age. Nearly 65.4%
(n=510) of the mothers of the study children followed
healthy pregnancy and lifestyle during gestation [most
healthy (n=161, 20.6%) and 2nd most healthy (n=349,
44.8%), combined].

Total (n=780)

n %

No, Developmental delayd (n=713,
91.4%)

Yes, Developmental delay
(n=67,8.6%)

n % n %

Maternal age® Mean=29.0,SD=6.32

Maternal education

Year12 and below 584 74.9

Cert -V 120 154

Diploma and above 76 9.7
Maternal employment

Unemployed 525 67.3

Employed 255 327
Area of residence

Major cities 279 35.7

Regional 343 44.0

Remote 158 203
Child birthweight for gestational age®

Inappropriate 207 26.5

Appropriate 573 73.5
Healthy pregnancy and lifestyle©

0 - Most unhealthy 31 4.0

1 - Not much healthy 239 306

2-2nd most healthy 349 448

3 - Most healthy 161 206

Mean=289,SD=6.27 Mean=30.2, SD=6.80

542 76.0 42 62.7
105 14.7 15 224
66 9.3 10 149
484 67.9 41 612
229 321 26 388
246 345 33 493
314 44.1 29 433
153 214 5 74

191 268 16 239
522 73.2 51 76.1
25 35 6 89

216 30.3 23 343
324 454 25 373
148 20.8 13 194

2 Continuous variable

b Child birthweight for gestational age: Inappropriate - Small (< 10th percentile) and/or large (> 90th percentile) for gestational age and sex; Appropriate - Between

10th and 90th percentile for gestational age and sex

€ Healthy pregnancy and lifestyle: Most unhealthy (History of medical conditions + alcohol/smoking/substance use + did not take iron/folic acid during pregnancy);
Not much healthy (any two), Second most healthy (only one); Most healthy (no history of medical conditions + no history of alcohol/smoking/substance use + history

of taking iron/folic acid

4 Developmental delay: Presence of any cognitive, behavioural, speech or physical delays
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Table 3 Determinants of developmental delay in indigenous children (n=780)
Developmental delay (No vs. Yes)
Unadjusted OR (95% Cl) Adjusted OR (95% Cl)

Healthy pregnancy and lifestyle

0 - Most unhealthy Ref. Ref.

1 - Not much healthy 244 (0.88-6.80) 2.39(0.87-6.55)

2-2nd most healthy 348% (1.24-9.74) 3.30% (1.21-8.99)

3 - Most healthy 3.10% (1.02-941) 3.12%(1.06-9.18)
Child birthweight for gestational age

Inappropriate Ref.

Appropriate 0.85 (0.47-1.54)
Maternal age' 0.96 (0.93-1.01)
Maternal education

Year12 and below Ref.

Cert -V 0.54 (0.29-1.01)

Diploma and above 0.51(0.24-1.08)
Maternal employment

Unemployed Ref.

Employed 0.75 (0.44-1.26)
Area of residence

Major cities Ref. Ref.

Regional 1.45(0.85-245) 1.56 (0.91-2.67)

Remote 4.11%*%(1.56-10.74) 4.21**(1.60-11.07)
Model fit statistics

AlC 452.69

BIC 480.65

Level of significance: *p<0.05, **p<0.01
' Continuous variable

Table 2 also shows that the majority (91.4%, n=713)
of the total study children did not experience any devel-
opmental delay (vs. =67, 8.6% reported developmental
delay). Among those children who reported no devel-
opmental delays (#=713), the mean maternal age was
28.9 (SD=6.27), 73.2% (n=522) born with appropriate
child birthweight for gestational age, and 66.2% (n=472,
most and 2nd most health pregnancy combined) of the
study child’s mother followed healthy pregnancy and
lifestyle. While among the children who had develop-
mental delays (n=67), the mean maternal age was 30.2
(SD=6.80), around three-quarters (=51, 76.1%) born
with appropriate child birthweight for gestational age,
and 56.7% (n=238) of the mothers followed health preg-
nancy and lifestyle (most and 2nd most health pregnancy
combined).

Determinants of developmental delay (strength-based
analysis)

Using random-effect models, Table 3 demonstrates that
the most healthy (adjusted OR: 3.12, 95% CI: 1.06-9.18,
p=0.038) and 2nd most healthy (aOR: 3.30, 95% CI:

1.21-8.99, p=0.019) pregnancy and lifestyle in mothers
were significantly protective against developmental delay
in their children compared to mothers who reported
unhealthy pregnancy and lifestyle. Living in remote
areas (aOR: 4.21, 95% CI: 1.60-11.07, p=0.003) was sig-
nificantly associated with the reduced risk of developing
developmental delay in children compared to those living
in regional and major cities.

Healthy pregnancy and lifestyle in mothers vs.
developmental delays (stratified by child birthweight
adjusted for gestational age)

In Table 4, random-effect logistic models were used
to investigate the protective effect of healthy preg-
nancy and lifestyle in mothers on developmental delay
in children born with appropriate and inappropriate
birthweight for gestational age, respectively. Adjusted
longitudinal analysis revealed that among those who
were born with appropriate birthweight for gestational
age, mothers with the most healthy pregnancy (aOR:
4.66, 95% CI: 1.32-16.46, p=0.017) and mothers with
the 2nd most healthy pregnancy (aOR: 3.50, 95% CI:
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Table 4 Odds of healthy pregnancy and lifestyle in mothers protecting against developmental delays (stratified by child birthweight

for gestational age)

No developmental delay - inappropriate birthweight for No developmental delay - appropriate birthweight

gestational age (n=207)

for gestational age (n=573)

Unadjusted OR (95% Cl) Adjusted OR (95% Cl) Unadjusted OR (95% Cl) Adjusted OR (95% Cl)

Healthy pregnancy and lifestyle

0 - Most unhealthy Ref. Ref. Ref. Ref.

1 - Not much healthy 148 (0.15-14.35) 0.94 (0.09- 944) 2.79 (0.86-9.04) 268 (0.85-847)

2-2nd most healthy 41(0.23-25.37) 48 (0.14-15.71) 3.97%(1.24-12.64) 3.50% (1.13-10.79)

3 - Most healthy 0.93 (0.09-9.56) 0.60 (O 05-6.27) 4.80% (1.30-17.69) 4.66* (1.32-16.46)
Maternal age 0.91*(0.83-0.99) 0.92 (0.84-1.01) 0.98 (0.94-1.03) -
Maternal education

Year12 and below Ref. Ref. Ref. -

Cert IV 0.54 (0.13-2.15) 0.64 (0.15-2.69) 0.55(0.26-1.11)

Diploma and above 0.14* (0.03-0.56) 0.16* (0.03-0.75) 0.81(0.32-2.09)
Maternal employment

Unemployed Ref. - Ref. -

Employed 0.59 (0.20-1.72) 0.81(7.33-18.55)
Area of residence

Major cities Ref. - Ref. Ref.

Regional 242 (0.68-8.52) 1.29(0.72-2.33) 141(0.77-2.57)

Remote 143 (0.38-5.32) 14.64** (1.95-109.60) 15.27**(2.03-114.73)
Model fit statistics

AlC - 116.88 - 33649

BIC - 143.54 - 366.95

Level of significance: *p <0.05, **p < 0.01

1.13-10.79, p=0.029) were significantly protective
against developmental delay in their children com-
pared to mothers who reported unhealthy pregnancy
and lifestyle, respectively. Moreover, living in remote
areas (aOR: 15.27, 95% CI: 2.03-114.73, p=0.008)
has a protective effect against developmental delay in
children born with appropriate birthweight for ges-
tational age compared to living in regional areas and
major cities. Furthermore, offspring of mothers with
higher education (i.e. Diploma and above) have about
86% (aOR: 0.14, 95% CI: 0.03-0.56, p =0.024) to 84%
(aOR: 0.16, 95% CI: 0.03-0.75, p=0.037) lower odds of
developmental delay compared to offspring of moth-
ers without higher education among the children who
born with inappropriate birthweight adjusted for ges-
tational age. Since the effect size did not change sig-
nificantly, maternal education can be considered as a
non-effect modifier.

Mediation analysis

The mediation analysis following modified Barron
and Kenny’s approach via SEM found that child birth-
weight adjusted for gestational age does not have any

mediation effect in the relationship between healthy
pregnancy in mothers and developmental delay in chil-
dren (Mediation model in Supplementary File 2).

Discussion

This strength-based study examined the protective
impact of healthy pregnancy and lifestyle in mothers on
Australian Indigenous children’s risk of developmen-
tal delay using the LSIC data. The analysis suggests that
healthy pregnancy and lifestyle (most healthy and 2nd
most healthy) were protective against developmental
delay in children with an appropriate birthweight for
gestational age. To our knowledge, this is the first study
to identify the composite of protective factors in Indig-
enous Australian children born with the recommended
appropriate gestational age for birth. These findings are
consistent with previous literature in non-Indigenous
populations and highlight the importance of promoting
optimal health leading up to and during pregnancy - par-
ticularly those that reduce the risk of noncommunicable
diseases such as diabetes [2], hypertensive diseases [57,
79]. These findings also align with current literature that
demonstrates the importance of intake of sufficient iron
[33] and iodine [1] alongside avoiding alcohol exposure
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[29, 46, 48], tobacco smoke [16, 58] and recreational
drugs [15, 32, 67, 68, 80, 81] have protective impact
against the risk of developmental delays in children. Con-
sistent with previous study [19], the analysis also revealed
that healthy maternal pregnancy and lifestyle behaviours
were not statistically significantly protective against
developmental delay in children born with an inappro-
priate birthweight for gestational age - a known risk fac-
tor for developmental delay in children up to three years
[39]. This could be attributable to methodological restric-
tions caused by various factors, including geographic
locations, history of colonisation, ethnic backgrounds,
social relationships, and economic elements [45].

While the Australian Government has prioritised poli-
cies and programs to support the healthy development
of Indigenous children [32], these initiatives are often
framed within a deficit discourse - aiming to reduce risk
factors of developmental delay in Indigenous Austral-
ians [13]. However, our findings illustrate an opportu-
nity to challenge and reframe this deficient discourse to
a strengths-based approach that highlights and promotes
the protective factors surrounding healthy pregnancy
and lifestyle for the healthy development of Indigenous
Australian children [3, 43, 64]. This approach could also
focus on identifying healthy pregnancy and lifestyle fac-
tors that reside beyond individuals, such as the capa-
bilities and assets of groups and communities [31]. For
instance, further research could explore the socioeco-
nomic determinants of healthy pregnancy and lifestyle
factors in Indigenous Australian mothers.

Our research also revealed that higher maternal educa-
tion is associated with a lower risk of developmental delay
among children born at an inappropriate birthweight for
gestational age. This finding was consistent with previ-
ous literature showing a positive association between
maternal education and higher cognitive, motor, and
language scores among children born preterm [62]. This
finding is novel as past research mostly focused on the
impact of maternal education on non-Indigenous chil-
dren’s development. Our findings suggest that promoting
maternal education could have a dual role in protecting
against developmental delay in children and as an over-
all goal in promoting Indigenous Australians’ health and
wellbeing. However, such an approach must view Indig-
enous Australians’ mental health from a SEWB frame-
work, which—contrary to Western concepts of health
and medicine—acknowledges the connection between
one’s health and well-being and that of one’s family, com-
munity, country, and ancestors [12]. This holistic, con-
nected, and relational view is often absent from policies
and measures of Indigenous health and well-being [11],
yet it is central to identifying and promoting the SEWB of
Indigenous Australians [66].
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The research identified that maternal residence in a
remote area, compared to a major city and regional areas,
was protective against developmental delay in Indigenous
Australian children with an appropriate birthweight for
gestational age. This finding was surprising as previous
literature has revealed mixed results regarding the differ-
ent health outcomes of Indigenous children in regional,
remote areas of Australia and cities. For instance, one
study identified an increased risk of developmental delay
among Indigenous Australian children in regional areas
compared to those cities [70], and another showed that
having a mother who lived in a less remote region was
associated with reduced risk of adverse health outcomes
in Indigenous Australian children [78]. However, other
research showed no significant difference between pre-
mature young children in rural areas and those in urban
areas regarding increased risk of functional disability
[65]. Further, analysis of national health and social sur-
veys from 2002 to 2012/2013 showed that Indigenous
Australian adults living in remote areas, compared to
those living in non-remote areas, were significantly more
likely to report good-excellent for self-assessed health
status, less likely to have high-very high psychologi-
cal distress, and less likely to report being extremely sad
some of the time, and less likely to have asthma [18]. One
hypothesis to explain the improved health outcomes of
Indigenous Australians in regional areas compared to cit-
ies could be the protective effect of one’s connection to
family, traditional lands, culture, and language in regional
parts of Australia [63, 76]. For instance, Salmon et al.
[66] argue that connection to the country is important
for Indigenous Australians’ health and SEWB because it
provides a sense of belonging, nurturing, and empower-
ment—with connection or disconnection to lands his-
torically resulting in health and ill health determinants.
Similarly, Trzepacz et al. [73] report how Indigenous
Australians recalled the disconnection to country and
culture they experienced living in urbanised settings
and how it negatively impacted their mental health and
well-being. As such, public health research and practice
could do more to acknowledge and investigate the impact
of connection to country and culture on the health and
SEWB of Indigenous Australians.

Limitations

These findings should be considered alongside the study’s
limitations. First, even though the study’s sample size
was reasonable (n=780), some participants of the overall
cohort could not be included due to missing responses,
which may increase the risk of selection bias. Moreover,
the included sample is only representative of Indigenous
populations and lacks generalisability to the overall Aus-
tralian population (e.g., non-Indigenous population and
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other age groups like adults or young adults). Further,
the included individuals were not from the Indigenous
Protected Areas (IPAs), where the situation could be dif-
ferent compared to other areas of Australia. Second, the
study’s independent variable (healthy pregnancy and
lifestyle) was a composite score based on self-reported
health and risk behaviours (smoking, alcohol consump-
tion, substance use during pregnancy and intake of iron/
folic during pregnancy). As such, these findings should
be interpreted with caution since previous research has
shown that self-reported health information can often
provide under/overestimation of the true prevalence
[60] and may carry the risk of response bias and/or social
desirability bias. Third, our study did not include some
key variables such as the nutrition and diet of moth-
ers during pregnancy [17], maternal infection during
pregnancy [24, 47], as a component of the independent
variable, which has previously been shown to impact
on development delays in children — may over/under-
estimate the current study findings. Moreover, since the
LSIC did not have information regarding the use of any
pharmaceutical drugs (including fertility drugs) by the
mothers we could not ascertain the impact of fertility
drugs on developmental delay in children. Additionally,
in this study, prenatal care was not included as a protec-
tive factor as most of the mothers (98.3%) received reg-
ular prenatal checkups during gestation, which would
inflate the study findings. Finally, it is worthwhile to men-
tion that the outcome variable (developmental delay)
was self-reported by the parents of the study child using
a validated tool - Parents’ Evaluations of Developmental
Status (PEDS), which may be associated with social desir-
ability bias.

Conclusions

The strengths-based study provides novel evidence on
the protective effect of healthy pregnancy and lifestyle
in mothers on Indigenous Australian children’s risk of
developmental delay, including for those children born
with the recommended appropriate birthweight for gesta-
tional age. These findings have implications for challeng-
ing the current deficit discourse surrounding Indigenous
health and provide a model for reframing public health
research and policies from a strengths-based approach.
Further, the study revealed the protective effect of living
in a regional area on Indigenous children’s developmen-
tal outcomes. These findings offer insights into better
understanding the relationship between Indigenous Aus-
tralians’ connection to country and culture and health
outcomes, which is currently lacking in the research lit-
erature and policies.
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