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BACKGROUND AND SIGNIFICANCE: Australia has a high level of cultural and linguistic diversity, including Aboriginal and Torres
Strait Islander peoples. Children from specific cultural and ethnic groups may be at greater risk of overweight and obesity and may
bear the additional risk of socioeconomic disadvantage. Our aim was to identify differences in body-mass index z-score (zBMI) by:
(1) Cultural and ethnic groups and; (2) Socioeconomic position (SEP), during childhood and adolescence.
SUBJECTS/METHODS: We used data from the Longitudinal Study of Australian children (n= 9417) aged 2–19 years with 50870
longitudinal measurements of zBMI. Children were classified into 9 cultural and ethnic groups, based on parent and child’s country
of birth and language spoken at home. These were: (1) English-speaking countries; (2) Middle East & North Africa; (3) East & South-
East Asia; (4) South & Central Asia; (5) Europe; (6) Sub-Saharan Africa; (7) Americas; (8) Oceania. A further group (9) was defined as
Aboriginal and Torres Strait Islander from self-reported demographic information.Longitudinal cohort analyses in which exposures
were cultural and ethnic group and family socioeconomic position, and the outcome was zBMI estimated using multilevel mixed
linear regression models. We stratified our analyses over three periods of child development: early childhood (2–5 years); middle
childhood (6–11 years); and adolescence (12–19 years).
RESULTS: Across all three periods of child development, children from the Middle East and North Africa, the Americas and Oceania
were associated with higher zBMI and children from the two Asian groups were associated with lower zBMI, when compared to the
referent group (English). zBMI was socioeconomically patterned, with increasingly higher zBMI associated with more socioeconomic
disadvantage.
CONCLUSIONS: Our findings identified key population groups at higher risk of overweight and obesity in childhood and
adolescence. Prevention efforts should prioritize these groups to avoid exacerbating inequalities in healthy weight in childhood.

International Journal of Obesity; https://doi.org/10.1038/s41366-024-01471-0

BACKGROUND
The high prevalence of overweight and obesity among children
and adolescents remains a global public health issue, but there is
evidence that overweight and obesity rates have plateaued in
many advanced economies, including Australia [1]. However,
inequalities exist in the population distribution of childhood
overweight and obesity [2], with higher prevalence among
children from: culturally and linguistically diverse (CALD); Abori-
ginal and Torres Strait Islander; and socioeconomically disadvan-
taged families [3]. Consistent with Australia’s National Obesity
Strategy 2022–32, we use the term “priority populations” to
encompass these three groups as they tend to have a higher
prevalence of overweight or obesity in childhood [4]. There is
evidence childhood overweight and obesity rates in some of these
priority populations continued to rise between 1997 and 2015 [5].

However, further evidence is required to identify which cultural
and ethnic groups are priority populations with excess weight in
childhood and adolescence.
This is pertinent, as nearly half of all Australians were born

overseas or have parents who were born overseas [6] and high
rates of immigration [7] continue to increase the cultural and
linguistic diversity of Australia. There is a complex interrelation-
ship between cultural, socioeconomic, and environmental risk
factors that may influence the adiposity of children differently
from various backgrounds at different stages of child develop-
ment and schooling. These factors include cultural and social
norms towards weight status and levels of physical activity [8];
lifestyle behaviours [9, 10]; genetic variability, transitions from
traditional to Western diets, length of residency and level of
acculturation [11].
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Cross-sectional studies have found higher odds of overweight
and obesity for some priority populations, including immigrants
from low-and-middle-income countries compared to children
from high-income countries and Aboriginal and Torres Strait
Islander children [5, 12–14]. Waters et al. describe the “double
disadvantage” of ethnicity and socioeconomic position (SEP), with
respect to overweight or obesity; this has been corroborated by
analysis of cross-sectional school surveys [15] and national
longitudinal data from Australia [16]. However, no studies have
examined the relationship between priority populations and
body-mass index z-score (zBMI) from early childhood (2 years) to
the end of adolescence (19 years) and during which stage of
childhood differences in zBMI [17] arise.
Families from priority populations often face challenges

accessing early childhood health services or health interventions
for various reasons including lack of knowledge of the existing
services, language barriers and cultural differences [18]. Most
services, programs and research addressing obesity prevention are
focused primarily for English-speaking populations which could
widen and exacerbate existing inequalities in childhood obesity.
To reduce these inequities, there is a need to understand which
priority groups confer a higher risk of obesity at different periods
of childhood to ensure interventions supporting healthy growth
are culturally relevant and accessible to diverse populations.
The purpose of this study was to identify the priority

populations with higher zBMI by child developmental age, using
Australian longitudinal cohort data on children aged 2–19 years
between 2006 and 2018.

METHODS
Study population
We used data from the “baby” (B) and “kindergarten” (K) cohorts from the
Longitudinal Study of Australian Children (LSAC). The LSAC is a population-
based, nationally representative longitudinal study of child development
which used a two-stage clustered sampling technique identifying eligible
children from the Medicare Australia enrolment database [19]. Further
details of the sampling design and study methodology are described
elsewhere [19].
Data collection began in 2004 and was collected biennially in waves. The

initial B cohort comprised 5,107 children aged between 0 and 1 years of
age and the K cohort was comprised of 4983 children aged between 4 and
5 years of age. In this study, we used data from waves 2–8 for both the B
and K cohorts, representing 9417 children aged between 2 and 19 years
of age.

Ethics declarations. Ethics approval for this study was received from the
University of Sydney Human Research Ethics Committee (Project Number
2022/699) and the Aboriginal Health & Medical Research Council
(Application ID: 35578980). The Australian Institute of Family Studies
Ethics Committee approved each wave of the LSAC and use of the LSAC
dataset was in accordance with the terms in the deed of licence.

Data collection
Informed written consent was obtained and trained interviewers who
conducted face-to-face or audio computer assisted interviews and
anthropometric measurements with parents and children.

Outcome
The outcome variable of interest in this study was zBMI. Anthropometric
measurements of the children’s height and weight were taken at each
wave by a trained interviewer. Weight was measured to the nearest 50 g
using: HoMedics digital BMI bathroom scales in waves 2 and 3; and
Tanita body fat scales in waves 4–8. Height was measured using an
Invicta (Waves 2–3) and laser (Waves 4–8) stadiometer. BMI was
calculated using height and weight measurements and transformed to
age- and sex-adjusted zBMI according to the World Health Organization
(WHO) growth standards for ages up to 5 [20] and WHO growth
reference for children aged 5–19 years [21]. zBMI scores were calculated
using the WHO’s SAS macro package [20] and values that were less than

-5 and greater than 5 were excluded due to the biological implausibility
of those values [20].

Exposures—Priority populations
We divide priority populations into two exposures: (1) Cultural and ethnic
groups; (2) Socioeconomic position. Cultural and ethnic groups were
defined using the Australian Bureau of Statistics’ Standard Classification of
Countries [22] and languages [23] into nine distinct groups: (1) English-
speaking countries; (2) Middle-East and North Africa; (3) East and South-
East Asia; (4) South and Central Asia; (5) Europe; (6) Sub-Saharan Africa; (7)
Americas; (8) Oceania excluding Australia and New Zealand; and (9)
Aboriginal and Torres Strait Islander peoples. A combination of variables
captured in the LSAC based on a core set of cultural and language
indicators set by the ABS Standards for Statistics on Cultural and Language
Diversity was used [24]. These were ‘country of birth’ for the child, primary
and secondary parent; ‘main language spoken at home’ for the child (K
cohort only), primary and secondary parent; and ‘Aboriginal and Torres
Strait Islander status’. In the absence of information on self-identification of
cultural group, children were classified using a sequence of decision rules
based on the seven variables and accounting for cultural norms and
historical migration patterns where possible. Further details of how
children were classified, and a list of countries and languages spoken for
each group are provided in the Supplementary Information (Supplemen-
tary Tables 1, 2 and Figs. 1, 2).
The second exposure was SEP, defined in LSAC combining data on

parents’ education, occupation and family income, which was then
converted into a z-score and categorised into quintiles [25].

Statistical analysis
We separated the analyses on three defined periods of child development
[26, 27]: early childhood (2–5 years), middle childhood (6–11 years) and
adolescence (12–19 years). Waves 2 and 3 of the B cohort were used to
analyse early childhood and both cohorts were pooled to analyse middle
childhood (B cohort waves 4–6, K cohort waves 2–4) and adolescence (B
cohort waves 7–8, K cohort waves 5–8). Given the similarity in recruitment
of children, sampling strategies and distribution of values for zBMI and
priority populations (see Supplementary Tables 3, 4), we believe this
pooling approach to be reasonable. Descriptive statistics at baseline were
used to characterise the study population.
We used multilevel linear regression to model the association of priority

populations on zBMI during the three periods of childhood. To account for
the repeated measurement for each variable, all models consisted of the
same two-level hierarchical structure, the measure of zBMI at each time
point (level 1), nested within individuals (level 2). For analyses where
cultural and ethnic group was the exposure, an unadjusted model was
fitted. When SEP was the exposure, we adjusted for cultural and ethnic
group as a confounder. Adjusted regression coefficients (β), 95%
confidence intervals (CIs) and intraclass correlation coefficients (ICC) were
reported.
Survey weights were provided separately for the B and K cohorts in the

LSAC, however we did not apply the weights in our analysis as we pooled
the B and K cohort for most of our analyses, meaning weighting would not
have been possible. Sex-stratified analyses were not conducted due to the
small sample sizes for some priority populations (Supplementary Informa-
tion Table 3). Imputation was not conducted due to low levels of
missingness for zBMI and SEP in both cohorts (Supplementary Information
Table 5).

RESULTS
Characteristics of the study population
A total of 9417 children and 101740 person-years of follow-up
were analysed in our study. Approximately 75% of the children
were from an English-speaking household. There was a steady
attrition of participants in both cohorts and by the final waves in
our analysis 2926 (63.5%) and 1601 (32.1%) participants were still
participating in the B and K cohorts, respectively (see Supple-
mentary Information Table 5). Participants at each wave had
complete information on BMI ranging from 92.6 to 99.0% in both
cohorts, except for wave 8 in the K cohort (52.7%). There were no
missing cultural and ethnic data. Mean baseline zBMI, age and SEP
values by priority populations, are shown in Table 1.
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Multilevel models—Cultural and ethnic groups
Figure 1 shows the association between zBMI and each cultural
and ethnic group for the three periods of childhood, compared to
children who spoke English at home or were born in an English-
speaking country. Across all three periods, we found large, positive
differences in zBMI for children from Middle East and North Africa,
the Americas, and Oceania and lower zBMI in children from the
South and Central Asia and African groups.
In early childhood, children from the Middle East and North

Africa (0.33 {0.16, 0.49}) and the Americas (0.30 {0.01, 0.59}) were
associated with the largest difference in mean zBMI, whereas
children in the South & Central Asian group were associated with
–0.58 {–0.78, –0.37} lower zBMI, when compared to children from
English-speaking households. In middle childhood, the magnitude
of higher zBMI was stronger in children from the Oceania (0.59
{0.40, 0.78}), Middle East and North Africa (0.42 {0.28, 0.56}), the
Americas (0.41 {0.18, 0.63}) and Aboriginal and Torres Strait
Islanders (0.13 {0.01, 0.26}), whereas children in the South and
Central Asian (–0.28 {–0.43, –0.12}), East Asian (–0.11 {–0.21}, –0.02
and African (–0.23 {–0.47, 0.01})) groups were associated with
lower zBMI. The adolescent period found similar associations as
the middle childhood period, although notably there was a much
higher magnitude of effect for Aboriginal and Torres Strait Islander
children (0.30 {0.14, 0.46}).

Multilevel models—Socioeconomic position
Figure 2 presents the association between SEP quintiles and zBMI,
compared to children in the most advantaged quintile (Quintile 5) for
all three periods of childhood. After adjusting for cultural and ethnic
group as a confounder, we find zBMI to be socioeconomically
patterned, with increasingly larger positive associations for more
disadvantaged children. Children in the least advantaged group
(Quintile 1) had the largest difference, of 0.10 {0.02, 0.18}, 0.22 {0.17,
0.27} and 0.23 {0.18, 0.29} zBMI in early childhood, middle childhood
and adolescence, respectively, whereas those in quintile 4 had a small
difference in zBMI when compared to the most advantaged children

(0.03 {-0.04, 0.10} in early childhood, 0.04 {0.01, 0.08} in middle
childhood and 0.05 {0.01, 0.09} in adolescence).
The coefficients for each multilevel model are presented in

Supplementary Information Tables 7, 8.

DISCUSSION
Australia is a multicultural society with a strong and continuing
migration policy from diverse countries which has led to an
increase in its cultural and linguistic diversity [6]. There are public
health concerns that children from different priority are dispro-
portionately affected by overweight and obesity [2]. To the best of
our knowledge, our study is the first to use longitudinal data from
9417 participants to identify differences in zBMI by cultural, ethnic
and socioeconomic groups are associated with higher zBMI during
three developmental stages of childhood.
Our results revealed a clear effect of disparities in zBMI for

children from different priority populations at three important
childhood stages. Children from South and Central Asian, East
Asian and African households had a consistently lower zBMI, while
those from the Middle East and North Africa, Oceania (excluding
Australia and New Zealand) and Americas had consistently higher
zBMI than the referent (English) group, at all child developmental
ages. Children from European households had similar zBMI to the
referent English group. Aboriginal and Torres Strait Islander
children had lower zBMI in early childhood, but higher in middle
childhood and adolescence. Across all three childhood periods, we
consistently found a socioeconomic gradient, with increasingly
higher zBMI associated with greater socioeconomic disadvantage.
Our findings indicate that unhealthy weight development during

childhood may be culturally patterned and distinctly different across
priority populations. Action is needed and additional resources are
required to invest in targeted strategies to reduce these disparities
in overweight and obesity across all priority populations. We have
identified at which period of childhood certain groups are at greater
risk, which can help identify optimal timing of interventions for

Fig. 1 Association of zBMI with cultural and ethnic groups during early childhood, middle childhood and adolescence. Multilevel mixed
linear regression models plotting association of zBMI with cultural and ethnic groups, with the English-speaking group as the referent. Aus:
Australia, NZ: New Zealand.
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certain age groups, such as early childhood, primary school, or
adolescence. For example, prevention in an early childhood setting
may not be suitable for Aboriginal and Torres Strait Islander children
who have among the lowest zBMI of any cultural group at this age.
Similarly, preconception, pregnancy and early infancy programs may
be appropriate for prevention initiatives for those that have the
highest zBMI between age 2 and 5 years. Middle and high school
programs would be suitable for children from Aboriginal and Torres
Strait Islander, Americas, Middle East and North African households.
Culturally tailored obesity prevention programs have been

found to be effective [28] amongst some cultural and ethnic
groups, however only a limited number of programs have been
developed in Australia [29]. Currently, there is a lack of programs
specifically aimed at addressing Aboriginal childhood overweight
and obesity [30], with a need for Aboriginal designed and led
initiatives to support self-determination and positive health
outcomes [31]. Based on our findings, we suggest a need for
more healthy growth programs for Aboriginal and Torres Strait
Islander children, and children from the Middle East and North
Africa, the Americas and Oceania (excluding Australia and New
Zealand) households. Policymakers can use our findings to design
strengths-based, community led approaches or culturally adapting
existing health programs and public health policies to reduce
disparities in children’s weight status in these key groups.
Our results are consistent with both cross-sectional and

longitudinal studies in Australia that compared to children from
English-speaking backgrounds, children of Middle Eastern and
North African, Oceanian and Aboriginal and Torres Strait Islanders
had higher prevalence of overweight and obesity whereas
children from Asian backgrounds had lower overweight and
obesity prevalence [3, 5, 12, 14, 32, 33]. We did not find evidence
of higher zBMI in children from a European background, however
the existing evidence is mixed, with studies reporting higher
[5, 12, 13] and lower [32] odds of overweight and obesity, when
compared to children from English-speaking backgrounds.
The strength of this study was the use of a large longitudinal

dataset of over 9000 children in Australia with over 100000
person-years of follow-up through childhood. We identified which

priority populations are at risk at three important stages of
childhood, which provides valuable information for policymakers
deciding how to culturally tailor a prevention program and when
to intervene in these communities.
Our study has some limitations. Firstly, LSAC did not collect data

on self-reported ethnicity or ancestry and our classification of
children into nine separate cultural and ethnic groups was
conducted using a combination of regions of birth and languages
spoken at home using the best available data as recommended
[34]. There is potential for children to be misclassified, although
98% of children were classified using two simple decision rules
(see Appendix Supplementary Fig. 2). Due to the small sample
sizes of some groups, (i.e., Africa and the Americas), we were
unable to separate these into further categories to better reflect
the diversity of cultural backgrounds of some priority groups in
the analysis, nor were we able to stratify our analyses by sex.
Finally, our analysis did not use survey weights and although we
have a large and diverse sample, our findings may not be
representative of the child and adolescent Australian population.

CONCLUSION
The prevalence of overweight and obesity is culturally patterned,
and disparities exist among children from different priority
populations in Australia. Understanding which priority populations
are at higher risk of excess weight at different ages is important to
allocate additional resources in designing and rolling out culturally
tailored healthy weight programs to reduce these disparities. Our
findings suggest the use of culturally tailored interventions across
pre-primary, primary school and adolescence are needed to reduce
the disparities in overweight and obesity amongst children from
different priority populations.

DATA AVAILABILITY
The Longitudinal Study of Australian Children data are available from the
Longitudinal Studies Dataverse website (https://dataverse.ada.edu.au/dataverse/
lsac) for those who meet the criteria for access to de-identified LSAC data.

Fig. 2 Association of zBMI with socioeconomic position during early childhood, middle childhood and adolescence. Multilevel mixed
linear regression models plotting association of zBMI with socioeconomic position quintiles, with the most advantaged (Quintile 5) as the
referent.
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CODE AVAILABILITY
All analyses were conducted in STATA version 17.0 (StataCorp, College Station, TX,
USA) and statistical code used to generate the results can be accessed upon request.
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