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Body Mass Index Trajectories of Indigenous Australian Children
and Relation to Screen Time, Diet, and Demographic Factors

Katherine Ann Thurber’, Timothy Dobbins®, Teresa Neeman®, Cathy Banwell’, and Emily Banks'

Objective: Limited cross-sectional data indicate elevated overweight/obesity prevalence among Indige-
nous versus non-Indigenous Australian children. This study aims to quantify body mass index (BMI) tra-
jectories among Indigenous Australian children aged 3-6 and 6-9 years and to identify factors associated
with the development of overweight/obesity.

Methods: Three-year BMI change was examined in up to 1,157 children in the national Longitudinal
Study of Indigenous Children. BMI trajectories among children with normal baseline BMI (n =907/1,157)
were quantified using growth curve models.

Results: Baseline prevalences of overweight/obesity were 12.1% and 25.4% among children of mean
age 3 and 6 years, respectively. Of children with normal baseline BMI, 31.9% had overweight/obesity 3
years later; BMI increased more rapidly for younger versus older (difference: 0.59 kg/m?/year; 95% CI:
0.50-0.69), female versus male (difference: 0.15 kg/m2/year; 95% CI: 0.07-0.23), and Torres Strait Islander
versus Aboriginal (difference: 0.36 kg/m?/year; 95% Cl: 0.17-0.55) children. Results were consistent with
less rapid rates of BMI increase for children with lower sugar-sweetened beverage (including fruit juice)
and high-fat food consumption. Children’s BMI was lower in more disadvantaged areas.

Conclusions: Overweight/obesity is common, and increases rapidly, in early childhood. Interventions are
required to reduce the overweight/obesity prevalence among Indigenous Australian children in the first 3
years of life and to slow the rapid overweight/obesity onset from age 3 to 9 years.
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23.9% vs. 22.5%) but significantly higher at age 10-14 years (38.6%
vs. 28.1%) and in most older age groups (4). Importantly, the preva-
lence of obesity is significantly higher among Indigenous compared to
non-Indigenous Australians starting from age 5-9 years (4).

Introduction

High body mass index (BMI) among children is an increasing problem
globally (1). Childhood overweight/obesity can have severe short-term
health consequences and is associated with an increased risk of obesity
later in life, which has multiple comorbidities, including cardiovascular
diseases, diabetes, and some cancers (2). Elevated rates of childhood
overweight/obesity have been observed in Indigenous compared to
non-Indigenous populations globally, including in Australia, Canada,
New Zealand, and the United States (3). According to national cross-
sectional data from 2011 to 2013, the combined prevalence of over-

The underlying causes of obesity are complex, including interactions
between individual, family, and community factors (5,6). Globally,
low levels of physical activity, high levels of sedentary behavior,
and energy-dense diets are understood to contribute to the high bur-
den of obesity (5). Social inequality, dispossession, and the transi-
tion from traditional to Western diets—among other impacts of col-

weight/obesity among Australian Aboriginal and Torres Strait Islander
(hereafter referred to as Indigenous) children is similar to that of non-
Indigenous children at age 2-4 and 5-9 years (17.3% vs. 23.0% and

onization—are understood to contribute to the elevated prevalence
of overweight/obesity among Indigenous compared to non-
Indigenous populations internationally (6,7).
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The traditional lifestyle of Indigenous Australians was characterized
by high levels of physical activity and a well-balanced diet and
associated with low rates of chronic diseases (8). Colonization
resulted in the displacement of Indigenous people and dispossession
of traditional lands. This disrupted traditional diet, lifestyle, and cul-
ture, resulting in reduced physical activity and a shift to a Western
diet characterized by high intake of energy-dense foods (8,9). Colo-
nization has also resulted in persisting socioeconomic disadvantage
(8); for example, today, Indigenous compared to non-Indigenous
Australians are more likely to be unemployed (10), experience food
insecurity (11), have inadequate housing (12), live in disadvantaged
neighborhoods (13), and have poorer health (4).

There is no robust quantitative evidence on trajectories of BMI
across the childhood years in this population and insufficient evi-
dence on the relationship between key factors and BMI. The exist-
ing longitudinal evidence on Indigenous Australian children’s BMI
is limited to two studies examining the persistence of high BMI
among children with overweight/obesity at baseline (14) and a third
study examining weight gain in 157 infants (15). Existing evidence
on factors associated with BMI among Indigenous Australian chil-
dren, based on cross-sectional data, suggests that the prevalence of
overweight/obesity increases with age and is higher among females
versus males and in urban versus remote areas (4,14).

Longitudinal analyses are necessary to identify critical periods for, and
factors associated with, overweight/obesity development. Evidence spe-
cific to the Indigenous Australian population is required to enable efficient
targeting of overweight/obesity prevention efforts. This paper aims to
quantify BMI trajectories among Indigenous Australian children aged 3-6
and 6-9 years and to identify factors associated with the development of
overweight/obesity. We hypothesize that the prevalence of overweight/
obesity is high and increases from an early age and that child, family, and
area-level factors are associated with childhood BMI trajectories (6).

Methods

Study population

This paper is based on data from the Longitudinal Study of Indige-
nous Children (LSIC), a national study managed by the Australian
Government Department of Social Services. Indigenous children
aged 0.5-2 years and 3.5-5 years were recruited from 11 diverse
sites in 2008 through purposive sampling (see (16) for details).

Face-to-face surveys with the child and the primary caregiver (usually
the mother) are conducted annually by Indigenous interviewers. Up to
1,759 children have participated across waves of the study, represent-
ing 5% to 10% of the Indigenous population in the designated age
ranges. The primary caregiver reported all data utilized in the current
study except children’s height and weight (measured) and remoteness
and area-level disadvantage (derived from participants’ addresses).

In this study, we examined data from LSIC Wave 3-6 (collected
2010-2013), using Data Release 6.0.

Variables

Anthropometric measurements. LSIC interviewers measured
children’s weight (in light clothing) and height (without shoes) using

Homedics model SC-305-A0U-4209 digital scales and Soehnle Pro-
fessional Model 5003 stadiometers. Metric measurements were used
to calculate children’s BMI (kg/mz).

A cleaning method based on WHO standards and protocols was
applied to improve the validity of the data (17); in the current data
release, measurements were also excluded if they were associated
with an extreme change in BMI between consecutive waves (BMI
z score change >4). We selected Wave 3 as our study baseline due
to potentially reduced data reliability in earlier waves (17).

We examined BMI (kg/m?) as a continuous, rather than categorical,
outcome to maximize our ability to detect associations with BMI
change. We examined raw BMI rather than BMI z scores because this
is a more “stable” method for longitudinal studies (18); the within-
child variability in BMI z score depends on the child’s baseline BMI
z score, whereas variability in BMI is not related to baseline BMI (18).

When BMI categories were examined, we classified children accord-
ing to established BMI z score cutoff points, calculated using the
WHO international reference. The cutoff points for overweight and
obesity are more conservative for children <5 versus >5 to 18 years
of age, given potentially different implications of “excess” weight at
different growth stages (19). Thus, we have explicitly allowed for
differences between these groups and present results separately
where appropriate.

We examined BMI trajectories in a sample restricted to children
with normal BMI at baseline (n =907/1,155) to facilitate examina-
tion of factors related to the development of high BMI and to reduce
the likelihood that exposures at baseline were caused by high base-
line BMI (reverse causation). We examined baseline (rather than
time-varying) measures of all exposures to minimize the impact of
reciprocal causation (20).

Other variables. A priori variables included the child’s age group
at baseline (<5 vs. >5 years), sex, Indigenous identification (Aborigi-
nal, Torres Strait Islander, or both), screen time, and dietary indicators.
Children were categorized as having lower versus higher screen time if
they met versus exceeded the amount of screen time recommended for
their age based on caregiver-reported hours spent watching TV,
DVDs, or videos on a typical weekday. Children were categorized as
lower versus higher consumers of sugar-sweetened beverages and
high-fat foods, respectively, if they consumed these foods at <2 versus
>2 occasions the preceding day, according to caregiver report.

Additional potential confounding factors included the child’s and
caregiver’s general physical health; caregiver’s social and emotional
well-being, highest qualification, and employment status; family
financial strain, food insecurity, and number of adults in household;
and remoteness, area-level disadvantage, and caregiver perception of
community safety and availability of places for children to play.

See Supporting Information File S1 for additional information on
exposures.

Statistical analysis

We examined the distribution of children’s BMI category across
waves of the study by age group. We modeled BMI trajectories
from Wave 3-6 among children with normal baseline BMI, using a

748 Obesity | VOLUME 25 | NUMBER 4 | APRIL 2017

www.obesityjournal.org



Original Article
PEDIATRIC OBESITY

multilevel growth model (20,21). To account for the correlation
structure inherent to the LSIC survey design, repeated BMI meas-
urements were nested within children, and children were nested
within their geographic area. We assumed that individual trajectories
were linear but included a random effect for age (in months, cen-
tered at the mean age across waves) to allow children to differ in
BMI intercept and slope (change in BMI over time). An autoregres-
sive residual structure (AR-1) was used (see Supporting Information
File S1 for details).

We examined the association between exposures at baseline and
children’s BMI trajectories. We included age group, sex, Indigenous
identification, screen time, sugar-sweetened beverage consumption,
and high-fat food consumption as a priori variables in our model
and added to this preliminary model each factor that demonstrated
an association with BMI change in unadjusted analysis. We included
an interaction term between each exposure and age to test whether
the exposure explained variation in children’s rate of BMI change.

We conducted sensitivity analyses to examine whether we observed
similar associations when using a categorical (versus continuous)
measure of BMI change and to explore the potential impact of
remoteness, definition of sugar-sweetened beverages, children’s dis-
ability, regression dilution, and missing BMI data on findings (Sup-
porting Information File S2). Analyses were conducted in Stata® 14.

Ethics

The LSIC survey was conducted with ethical approval from the Depart-
mental Ethics Committee of the Australian Commonwealth Department
of Health and from Ethics Committees in each state and territory,
including relevant Aboriginal and Torres Strait Islander organizations.
The current analysis was approved by the Australian National Univer-
sity’s Human Research Ethics Committee (Protocol No. 2011/510).

Results

Change in BMI category over time

BMI data were available for 1,155 of the 1,404 children participat-
ing in Wave 3 (our study baseline; Figure 1). Among younger chil-
dren (mean age 3 years at baseline), the prevalence of overweight
and obesity, respectively, was 9.0% (n=60/667) and 3.1% (n =21/
667) at baseline, 7.3% (n=137/504) and 3.6% (n = 18/504) at Wave
4, 12.0% (n=59/491) and 6.3% (n=30/491) at Wave 5, and 25.6%
(n=111/433) and 13.5% (n =159/433) at Wave 6 (Figure 2A). Cor-
responding figures for the older children (mean age 6 years at base-
line) were 16.0% (n="78/488) and 9.4% (n=46/488), 15.2%
(n=57/375) and 11.7% (n=44/375), 16.1% (n=>58/361) and
15.0% (n=>54/361), and 23.6% (n=74/313) and 18.2% (n=>57/
313) across successive waves. Less than 5% of children were under-
weight across waves.

Our trajectory analysis was restricted to children with normal baseline
BMI (n=907/1,155) (Figure 1). Within the younger group, 4.4%
(n = 19/429) had become overweight and 1.0% (n = 4/429) had devel-
oped obesity 1 year later (at Wave 4); this increased to 10.4% (n = 43/
413) and 3.4% (n = 14/413) at Wave 5 and 25.5% (n = 93/365) and
8.8% (n =32/365) at Wave 6 (Figure 2B). Corresponding figures for
the older group were: 9.1% (n=24/264) and 1.5% (n=4/264) at
Wave 4, 12.5% (n=32/257) and 3.9% (n = 10/257) at Wave 5, and
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Figure 1 Flow diagram for participants in LSIC Waves 3-6 and in the current study.
These figures refer to interviews with the primary caregiver.

22.9% (n=>52/227) and 5.3% (n=12/227) at Wave 6. At Wave 4,
2.8% (n = 12/429) of younger children and 4.2% (n = 11/264) of older
children had become underweight, 1.9% (n=28/413) and 4.7%
(n=12/257) at Wave 5, and <0.8% (n <3/365) and 1.8% (n = 4/227)
at Wave 6.

Association between factors and BMI over time
In addition to the variables identified for inclusion a priori, remote-
ness and disadvantage were included in our final model as they
demonstrated an association with BMI change in unadjusted analysis
(Table 1). We tested for differences between the younger and older
group in the association between each exposure and BMI change,
but these interactions were not included in the final model as there
was no evidence of differential relationships by age group.

The associations of exposures to BMI intercept and annual BMI
change (slope) in the final model are presented in Figure 3. Based
on the final model, the mean BMI intercept was 16.46 kg/m* (95%
CI: 16.14 to 16.76) for children in the younger group and 15.07 kg/
m? (95% CI: 14.72 to 15.42) for children in the older group. The
mean BMI intercept was significantly lower for children with low
versus high sugar-sweetened beverage consumption (difference:
—0.20 kg/m* 95% CI: —0.39 to —0.01) and those living in the
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(n=667) (n=504) (n=491) (n=433) (n=488) (n=375) (n=361) (n=313)
3 4 5 6 6 7 8 P} W Obese
Mean age (years) at BMI measurement Mean age (years) at BMI measurement & Overweight

B. Restricted to children with normal baseline
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BMI
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(n=344)  (n=264) (n=257) (n=227)

Figure 2 Distribution of BMI categories across waves of LSIC, by age group, among (A) the full sample and (B) children with normal BMI at

baseline.

most disadvantaged versus most advantaged areas (difference:
—0.52 kg/m?; 95% CI: —0.91 to —0.13). We did not observe a sig-
nificant difference in BMI intercept by screen time, sex, high-fat
food consumption, or remoteness.

On average, children in the younger group children increased in
BMI by 0.08 kg/m* per year (95% CI: —0.06 to 0.22), and children
in the older group by 0.67 kg/m? per year (95% CI: 0.52 to 0.82).
The rate of BMI increase was significantly higher for females versus
males (difference: 0.15 kg/m?/year; 95% CI: 0.07 to 0.23) and
Torres Strait Islander versus Aboriginal children (difference:
0.29 kg/mz/year; 95% CI: 0.11 to 0.46) (Figure 3). Low versus high
consumers of high-fat foods increased in BMI at a lower rate (differ-
ence: —0.08 kg/mz/year; 95% CI. —0.17 to 0.00), with the differ-
ence approaching significance (P = 0.06). We did not observe a sig-
nificant difference in BMI change by screen time, sugar-sweetened
beverage consumption, remoteness, or area-level disadvantage.

Figure 4 presents these results graphically to depict how key varia-
bles related to trajectories of BMI across the study period. Given the
faster rate of BMI increase for female versus male and Torres Strait

Islander versus Aboriginal children, we observed higher mean BMI
for these groups by age 9 years (difference approaching significance
for sex; significant for Indigenous identification). Mean BMI was
lower across waves for children living in the most disadvantaged
versus most advantaged areas, but these differences were only sig-
nificant at some waves. Predicted BMI was lower across waves for
children with lower sugar-sweetened beverage and high-fat food
consumption, but these differences did not reach significance.

Results of our sensitivity analyses were consistent with our primary
analysis (Supporting Information File S2). The relationship between
sugar-sweetened beverage consumption and BMI slope approached
significance (P = 0.05) when the variable definition was expanded
to include fruit juice.

Discussion

We observed a high, and increasing, prevalence of overweight and
obesity in this sample of Indigenous Australian children. At baseline
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TABLE 1 Children’s BMI at baseline and Wave 6, and BMI change, by child and family characteristics at baseline (2010)

Wave 3 (baseline) Wave 6 Change (A) in BMI from Wave 3 to Wave 6°
Mean BMI Mean BMI Mean A % | in BMI % «— BMI % 1 BMI
n (95% CI) n (95% ClI) n BMI (95% CI) z score z score  z score
Total 907 15.6 (15.510 15.7) 592 16.7 (16.5t0 16.9) 592 1.0 (0.8 to 1.2) 1.5 59.6 28.9
Child factors
Screen time
Higher screen time 704 15.7 (15.7 t0 15.8) 457 16.7 (16.6 to 16.9) 457 0.9 (0.7 to 1.1) 10.7 60.8 28.5
Lower screen time 193 15.2 (15.0 to 15.3) 129 16.5 (16.1 t0 16.9) 129 1.3 (0.9 to 1.6) 14.0 55.8 30.2
Sugar-sweetened beverages®
>2 272 157 (156 t0 15.9) 173 16.9 (16.6 to 17.2) 173 1.2 (0.9 to 1.5) 6.9 60.7 32.4
<2 623 15.6 (15.510 15.7) 409 16.6 (16.4 to 16.8) 409 0.9 (0.7 to 1.1) 13.7 58.9 27.4
High-fat foods
>2 277 157 (15510 15.8) 180 17.1 (16.8 to 17.4) 180 1.3 (1.0 to 1.7) 9.4 57.2 333
<2 620 15.6 (15.510 15.7) 405 16.5 (16.3 to 16.7) 405 0.9 (0.7 to 1.0) 12.6 60.5 26.9
Sex
Male 452 15.8 (15.7 t0 15.9) 290 16.5 (16.3 to 16.7) 290 0.7 (0.5 to 0.9) 121 62.4 25.5
Female 455 15.5 (15.4 10 15.6) 302 16.9 (16.6 to 17.1) 302 1.3 (1.1 to 1.6) 10.9 57.0 321
Age group at baseline®
<5 years 563 16.0 (15.9 to 16.1) 365 16.4 (16.2 to 16.6) 365 0.4 (0.2 to 0.5) 14.3 61.4 24.4
>b years 344 15.0 (14910 15.2) 227 17.2 (16910 17.5) 227 2.1 (1.8 t0 2.3) 74 56.8 36.1
Indigenous identification
Aboriginal 802 15.6 (15.5t0 15.7) 526 16.7 (16.5t0 16.8) 526 1.0 (0.8 to 1.1) 114 59.9 28.7
Torres Strait Islander 59 15.6 (15310 16.00 40 17.3(16.41t0 18.2) 40 1.7 (0.7 t0 2.6) 15.0 50.0 35.0
Both 46 157 (15310 16.00 26 16.3 (155t 17.2) 26 0.8 (0.0 to 1.6) 7.7 69.2 23.1
General physical health
Poor, fair, or good 216 155 (15.3t0 15.6) 133 16.7 (16.3 t0 17.1) 133 1.1 (0.8 to 1.4) 18.7 50.4 30.9
Very good or excellent 687 15.7 (15.6 t0 15.8) 456 16.7 (16.5t0 16.9) 456 1.0 (0.8 to 1.2) 9.5 62.0 28.5
Caregiver and family factors
Caregiver’s general physical health
Poor, fair, or good 494 156 (15510 15.7) 316 16.8 (16.51t0 17.0) 316 1.1 (0.8 to 1.3) 1141 59.5 29.4
Very good or excellent 408 15.7 (15.5t0 15.8) 272 16.6 (16.4 to 16.8) 272 0.9 (0.7 t0 1.2) 121 59.6 28.3
Caregiver’s social and
emotional well-being
High distress 134 155 (156310 15.8) 86 16.8 (16.41t017.2) 86 1.2 (0.8 10 1.7) 9.3 60.5 30.2
Low distress 732 157 (15.6 to 15.7) 485 16.7 (16.5t0 16.9) 485 1.0 (0.8 t0 1.2) 12.2 58.4 29.5
Financial strain
Run out of money 114 157 (15510 15.9) 75 16.7 (16.31t017.2) 75 1.0 (0.6 to 1.5) 8.0 61.3 30.7
Just enough money 446 15.7 (15.6 to 15.8) 281 16.8 (16.5t0 17.0) 281 1.0 (0.7 to 1.2) 146 55.9 29.5
Can save money 337 155 (15.4 10 15.7) 230 16.6 (16.3 to 16.8) 230 1.0 (0.7 to 1.3) 9.1 63.5 27.4
Went without meals in past year
Yes 74 151 (14.81015.4) 39 157 (15110 16.3) 39 0.5 (—0.1t0 1.1) 18.0 59.0 231
No 820 15.7 (15.6 t0 15.8) 543 16.8 (16.6 to 16.9) 543 1.0 (0.9 to 1.2) 141 59.3 29.7
Primary caregiver employment
Not employed 622 15.6 (15.5t0 15.7) 400 16.6 (16.4 to 16.8) 400 1.0 (0.8 to 1.2) 1.0 60.3 28.8
Employed part time 147 15.8 (15.6 to 16.0) 107 16.9 (16.5t0 17.3) 107 1.0 (0.7 to 1.4) 10.3 61.7 28.0
Employed full time 125 156 (15.4t0 15.8) 77 16.7 (16.21t017.2) 77 0.9 (0.4 to 1.5) 16.9 53.3 29.9
Primary caregiver education
Less than Year 12 493 15.5 (15.4 10 15.6) 310 16.5 (16.3 to 16.8) 310 0.9 (0.7 to 1.2) 1.9 60.0 28.1
Year 12 or beyond 346 15.8 (15.6 t0 15.9) 243 16.9 (16.6 to 17.2) 243 1.1 (0.8 to 1.4) 115 59.7 28.8
Number of adults in household
1 253 15.6 (15.4 10 15.8) 155 16.7 (16.4 t0o 17.0) 155 1.1 (0.8 to 1.4) 10.3 56.8 32.9
2 437 15.7 (15.6 to 15.8) 288 16.7 (16.4 to 16.9) 288 0.9 (0.7 to 1.1) 115 61.5 27.1
>3 91 153 (15.1t0 15.6) 57 16.9 (16.31t0 17.6) 57 1.4 (0.9 to 2.0) 7.0 64.9 28.1
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TABLE 1. (continued).

Wave 3 (baseline) Wave 6 Change (A) in BMI from Wave 3 to Wave 6°
Mean BMI Mean BMI Mean A % | in BMI % «— BMI % 1 BMI
n (95% CI) n (95% CI) n BMI (95% Cl) z score Z score  z score
Area-level factors
Remoteness®
None 241 158 (15.6 t0 16.0) 174 16.7 (16.4 to 17.0) 174 0.9 (0.6 to 1.2) 13.2 60.9 25.9
Low 450 15.7 (15.5t0 15.8) 285 16.9 (16.7 to 17.2) 285 1.2 (1.0 to 1.5) 7.7 60.4 31.9
Moderate 125 15.4 (151 to 15.6) 82 16.2 (15.7t0 16.6) 82 0.6 (0.2 to 1.0) 171 61.0 22.0
High/extreme 91 153 (15.0t0 15.6) 51 16.3 (15.7t0 16.9) 51 1.0 (0.4 to 1.6) 17.7 49.0 33.3
Area-level disadvantage®
Most advantaged 168 15.8 (15.6 to 16.0) 122 16.8 (16.4 to 17.1) 122 0.9 (0.6 to 1.3) 13.1 59.8 271
Middle advantage 554 15.7 (15.6 to 15.8) 362 16.9 (16.7 to 17.1) 362 1.2 (1.0 to 1.4) 9.4 59.1 315
Most disadvantaged 185 15.2 (15.0 to 15.4) 108 15.8 (15.5t0 16.2) 108 0.5 (0.1 to 0.8) 16.7 61.1 22.2
Safe community
No (not so safe or really bad) 123 155 (15310 15.8) 72 16.7 (16.2t0 17.2) 72 1.1 (0.6 to 1.6) 1141 58.3 30.6
Yes (okay, safe, or very safe) 743 156 (15.6 t0 15.7) 495 16.7 (16.51t0 16.9) 495 1.0 (0.8 to 1.2) 1.7 59.4 28.9
Places to play
No (not many or none) 241 155 (154 t0 15.7) 139 16.7 (16.3 t0o 17.0) 139 1.0 (0.6 to 1.4) 9.4 64.8 25.9
Yes (some, a few, or lots) 625 15.7 (15.6 to 15.8) 426 16.7 (16.5t0 16.9) 426 1.0 (0.8 to 1.2) 12.2 57.5 30.3

The sample includes children with a BMI in the normal range at baseline. Total number may vary across exposure categories due to missing data.

3Association between exposure and category of BMI change (P value for Pearson 32 < 0.20) and/or significant difference in mean BMI change across exposure categories.
®Change in BMI assessed based on BMI z scores to account for the expected differences in BMI change over time for children of different ages. Research has demon-
strated improved health outcomes and decreased fat mass for children with obesity who experience decreases in BMI z score greater than 0.5 and 0.6 units per year,
respectively, but there is no standard definition for a “significant” increase in BMI z score for children. Thus, we have conservatively defined BMI decrease (average annual
BMI z score change of <-0.3), BMI maintenance (average annual BMI z score change between —0.3 and 0.3), and BMI increase (average annual BMI z score change of

>0.3).

(2010), the prevalence of combined overweight/obesity was 12% and
25% among children of mean age 3 and 6 years, respectively. These fig-
ures increased to 39% and 42% 3 years later, when children were a mean
age of 6 and 9 years, respectively. It is difficult to directly compare these
prevalence estimates with national estimates from 2011-2013 due to dif-
ferences in sampling approaches, definitions of overweight/obesity, and
age categorization, but findings are consistent with a high (12%-22%)
overweight/obesity prevalence among Indigenous children aged 2 to 4
years, increasing to around 40% at age 10 years (4). Almost one-third of
children with normal baseline BMI had developed overweight/obesity 3
years later. We are unaware of other longitudinal data about Indigenous
Australian children for comparison, but in a non-Indigenous Australian
sample, just over 20% of children with normal BMI at age 4 to 5 years
had developed overweight/obesity 6 years later (22). Our findings indi-
cate that interventions are required both to reduce the prevalence of over-
weight/obesity in the first 3 years of life and to slow the rapid onset of
overweight/obesity from age 3 to 9 years.

The faster rate of annual BMI increase observed for children aged
6-9 versus 3-6 years is consistent with the average BMI observed at
these ages in the WHO Reference data. The higher mean BMI at
baseline and higher 3-year incidence of overweight/obesity in the
younger versus older group may be an artifact of the different BMI
cutoff points used (Supporting Information File S3).

When comparing the two groups of children when they are each
around 6 years of age (younger children at Wave 6, older children

at Wave 3), in the whole sample—not restricted to those with nor-
mal baseline BMI—we observed a higher overweight/obesity preva-
lence in the younger group (39.3% vs. 25.4%). Given that both
groups are the same age and therefore subject to the same cutoff
points, the prevalence difference may reflect differences between the
two cohorts or a temporal trend toward an increasing prevalence of
overweight/obesity. Bearing in mind differences in methodology, the
existing national data are consistent with an increase in the preva-
lence of overweight/obesity among Indigenous Australian children
since 1994 (4,23), in line with international trends (1).

Consistent with cross-sectional evidence of an elevated obesity prev-
alence (4,14,24), we identified a faster rate of BMI increase for
female versus male and for Torres Strait Islander versus Aboriginal
children, suggesting that these groups may be at increased risk of
developing overweight/obesity from an early age. Previous research
identified similar BMI trajectories for male and female children in
the general Australian population (25), but this has not previously
been explored among Indigenous Australian children; differences
between groups in unmeasured factors related to BMI (e.g., physical
activity) may partially explain our findings. Given the observed
tracking of weight status across the life course (2), females may
face an increased risk of overweight/obesity during the childbearing
years, incurring an increased risk of overweight/obesity among their
offspring (26). Therefore, promoting healthy BMI among female
Indigenous children from early childhood should be a priority to
prevent spiraling increases in overweight/obesity prevalence.
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Mean intercept and slope* Younger group Older group
Mean intercept (BMI) [95%Cl] 16.46 [16.14,16.76] 15.07 [14.72,15.42]
Mean slope (ABM/year) [95%Cl] 0.08 [-0.06,0.22] 0.67 [0.52,0.82]
Difference in intercept and slope coefficients, by exposure categories
Difference in
n intercept* from Difference in slope coefficient from referent [95%Cl]
referent [95%CI]
Screen-time
Higher screen-time 695 0 [ref] 0 [ref]
Lower screen-time 192 -0.20 [-0.42,0.03] 0.03 [-0.04,0.17]
Sugar-sweetened beverages’
22 270 0 [ref] 0 [ref]
<2 617 -0.20 [-0.39,-0.01] -0.05 [-0.14,0.03]
High-fat foods
2 274 0 [ref] 0 [ref]
<2 613 -0.15 [-0.34,0.04] -0.08 [-0.17,0.00]
Sex’
Male 439 0 [ref] 0 [ref]
Female 448 -0.02 [-0.19,0.15] 0.15 [0.07,0.23] —e—
Indigenous identification®
Aboriginal 782 0 [ref] 0 [ref]
Torres Strait Islander 59 0.29 [-0.11,0.70] 0.29 [0.11,0.46] —_——
Both 46 -0.07 [-0.48,0.33] -0.02 [-0.20,0.16]
Level of Relative Isolation
None 234 0 [ref] 0 [ref]
Low 438 -0.10[-0.37,0.16] 0.11[0.01,0.22] ——
Moderate 125 -0.31[-0.70,0.07] -0.02 [-0.18,0.14]
High/Extreme 90 -0.14 [-0.60,0.32] -0.03 [-0.22,0.16] s E—
Area-level disadvantage*
Most advantaged 165 0 [ref] 0 [ref] *
Middle advantage 539 -0.03 [-0.31,0.25] -0.06 [-0.18,0.05] —
Most disadvantaged 183 -0.52 [-0.91,-0.13] -0.12 [-0.28,0.04] ——
-0.25 0 0.25 0.5
Estimate [95%CI]
Variance between clusters 0.05 [0.01,0.21]
Variance between individuals' slopes 0.00 [0.00,0.00]
Variance between individuals' intercepts 0.87 [0.70,1.08]
Correlation between measurements w/in individuals 0.88 [0.83,0.91]
Residual variance 1.29[1.12,1.49]

Figure 3 Mean BMI intercept and slope for children by age group and association with exposures. Based on the final model, which was adjusted for all vari-
ables shown and age group; repeated BMI measurements were nested within children, and children were nested within their geographic area. This includes
887 children, providing 2,799 observations of BMI: 553, 421, 406, and 358 BMI measurements of children in the younger group across waves and 334,
257, 250, and 220 measurements of children in the older group across waves. *We estimated the mean BMI intercept across exposure categories for chil-
dren in the younger and older age group. BMI intercept was calculated at the mean age of the sample across waves (centered age = 0) and all other cova-
riates at the value of the referent group: exceeded recommended hours of screen time, at least two sugar-sweetened beverages, at least two high-fat
foods, male, Aboriginal, no remoteness, most advantaged area. We estimated the mean BMI slope (annual change in BMI) across exposure categories for
children in the younger and older age group, with BMI calculated at the mean age of younger/older children at baseline and all other covariates at the value
of the referent group. tSignificant association between exposure variable and BMI intercept (P value for Wald test <0.05). $Significant association between

exposure variable and BMI slope (P value for Wald test <0.05).

Consumption of unhealthy foods was common; around 30% of chil-
dren reportedly consumed sugar-sweetened beverages or high-fat
foods on at least two occasions on the day preceding interview. This
fits with contemporary national data estimating that unhealthy foods
constitute 38.4% of Indigenous children’s total energy intake and
that sugar-sweetened beverage consumption is high from age 2 to 3
years (11). Although they did not reach statistical significance, our
findings are consistent with a lower annual BMI increase for chil-
dren who consumed fewer sugar-sweetened beverages (P = 0.05
when including fruit juice) and high-fat foods (P = 0.06) at base-
line. The magnitude of the association observed between sugar-
sweetened beverage consumption and BMI is consistent with find-
ings of a meta-analysis of prospective studies (27). Findings for
other dietary indicators (such as high-fat or snack foods) have been
less consistent; this has been attributed to variation in the foods

examined and limitations of standard methods of assessing dietary
intake (28).

Within this relatively disadvantaged population, children in more
disadvantaged versus advantaged areas tended to have lower BMI.
This is consistent with previous findings from LSIC (29) and with
the socioeconomic patterning of child obesity in low- and middle-
income countries (30), but it contrasts the inverse relationship
between BMI and socioeconomic advantage established in the gen-
eral Australian population and in other developed countries (31,32).
In our sample, the prevalence of underweight was elevated among
children in more disadvantaged versus advantaged areas, alongside a
relatively lower prevalence of overweight/obesity (Supporting Infor-
mation File S4). Our findings support a persisting “double burden of
malnutrition” (i.e., the co-occurrence of underweight and
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Figure 4 Predicted BMI across waves by children’s sex, Indigenous identification, and baseline area-level disad-
vantage, high-fat food consumption, and sugar-sweetened beverage consumption, for children in the younger
and older age group. Based on the final model, which was adjusted for screen time, sugar-sweetened beverage
consumption, high-fat food consumption, age, sex, Indigenous identification, remoteness, and area-level disad-
vantage. It includes BMI measurements for 553, 421, 406, and 358 children in the younger group across waves
and 334, 257, 250, and 220 children in the older group across waves. Population-averaged estimates of BMI
were calculated (using the margins and marginsplot commands in Stata) at the mean age of younger/older chil-
dren at each wave and based on the distribution of all other covariates within the study population.
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overweight/obesity within families and/or communities), which has
been observed in Indigenous populations internationally (7); efforts
to promote healthy BMI need to consider undernutrition and overnu-
trition together (33).

We did not observe differences in BMI trajectories by remoteness,
contrasting findings from cross-sectional research (14,24). Previous
findings were not adjusted for area-level disadvantage, which is
strongly linked to remoteness; our findings may indicate that the
relationship between remoteness and children’s BMI is largely
explained by area-level disadvantage. Although the overall associa-
tion between remoteness and BMI change was not significant, we
did observe a significantly faster rate of BMI increase in areas with
“low” versus “no” remoteness. We did not have any a priori
hypotheses about differences in BMI change between these two set-
tings, and thus results are hard to interpret.

Only 21.5% of children in the sample met screen time recommenda-
tions, with reported hours of screen time exceeding figures previ-
ously published for Indigenous children (34). Our analyses did not
provide evidence that higher, versus lower, screen time at baseline
was associated with greater increases in BMI over time. There is
strong international evidence from cross-sectional data that people
with obesity have increased screen time (35,36), but there is not
conclusive evidence that increased screen time leads to increased
BMI over time (28,37). Based on our findings, we can exclude a
large prospective effect of baseline screen time on BMI change in
this sample, consistent with previous research employing longitudi-
nal methods (35,37,38).

We may have underestimated the association between screen time
and BMI in our sample because of the short duration of our study
(36,37), the limited sample size, imprecise measurement of screen
time, and regression dilution (see Supporting Information File S2).
The accuracy of our measure of screen time may be reduced due to
reliance on caregiver report, although most of the current evidence
is based on indirect measures (35), and because it did not include
hours spent playing electronic games. However, electronic game use
is estimated to constitute a small proportion of total screen time by
Indigenous Australian children, so the resulting underestimation of
screen time is likely to be small (34).

The imprecise measurement of dietary intake may have resulted in
the underestimation of associations with BMI or in residual con-
founding (27,37). Reported intake according to 24-hour recall does
not always reflect usual intake, particularly for items consumed
infrequently (28,39). Furthermore, intake is based on caregiver
report of the number of occasions the child consumed these foods,
with no information on portion size, which might have resulted in
misclassification. However, the available data can provide a crude
representation of consumption patterns; data collected using this
method have been utilized in other studies (28,39), and we have
used similar variable definitions when possible for consistency. A
substantial limitation of our study, as in similar studies (28,39), is
that we could not adjust for children’s physical activity or energy
expenditure, as these data were not collected in LSIC.

A potential limitation of this study is the extent of missing data on
children’s BMI across waves of the study; however, we did not
observe a significant difference in dropout across key exposure

variables, suggesting that unbalanced missing data were not biasing
our estimation of BMI slope.

Conclusion

The use of robust longitudinal methods enabled the first quantifica-
tion of BMI trajectories for Indigenous Australian children and the
first quantification of variation by key factors. More than 10% of
children already had overweight/obesity by age 3 years, and we
observed a rapid onset of overweight/obesity between age 3-6 and
6-9 years. This indicates the need for interventions to reduce the
prevalence of overweight/obesity in the first 3 years of life and to
slow the rapid onset of overweight and obesity from age 3 to 9
years. Efforts to promote healthy BMI trajectories among female
children are of particular priority.

There is limited evidence on what works to improve the weight sta-
tus of Aboriginal and Torres Strait Islander children. Our findings
suggest that reducing consumption of sugar-sweetened beverages
and high-fat foods from an early age could have a beneficial impact
on children’s BMI trajectories; despite the small magnitude of
observed effects, reducing consumption could have a substantial
impact at the population level given the high level of current con-
sumption (36). However, it is imperative that programs and policy
are developed in partnership with Indigenous communities, address
the broader sociocultural and environmental context in which health
behaviors occur (40), and are sustainable.O

Acknowledgments

We acknowledge all the traditional custodians of the land and pay
respect to Elders past, present, and future. We acknowledge the gen-
erosity of the Aboriginal and Torres Strait Islander families who
participated in the study, and the Elders of their communities. This
paper uses unit record data from the Longitudinal Study of Indige-
nous Children (LSIC). LSIC was initiated and is funded and man-
aged by the Australian Government Department of Social Services
(DSS). The findings and views reported in this paper, however, are
those of the authors and should not be attributed to DSS or the
Indigenous people and their communities involved in the study. The
LSIC data are available through application to DSS.

© 2017 The Authors. Obesity published by Wiley Periodicals, Inc. on
behalf of The Obesity Society (TOS)

References

1. De Onis M, Blossner M, Borghi E. Global prevalence and trends of overweight and
obesity among preschool children. Am J Clin Nutr 2010;92:1257-1264.

2. Lakshman R, Elks CE, Ong KK. Childhood obesity. Circulation 2012;126:1770-
1779.

3. Anderson I, Robson B, Connolly M, et al. Indigenous and tribal peoples’ health
(The Lancet-Lowitja Institute Global Collaboration): a population study. Lancet
2016;388:131-157.

4. Australian Bureau of Statistics. 4727.0.55.006 - Australian Aboriginal and Torres
Strait Islander Health Survey: Updated Results, 2012-13. http://www.abs.gov.au/
AUSSTATS/abs@ .nsf/mf/4727.0.55.006. Published June 6, 2014. Accessed April
19, 2016.

5. Malik VS, Willett WC, Hu FB. Global obesity: trends, risk factors and policy
implications. Nat Rev Endocrinol 2013;9:13-27.

6. Willows ND, Hanley AJ, Delormier T. A socioecological framework to understand
weight-related issues in Aboriginal children in Canada. Appl Physiol Nutr Metab
2012;37:1-13.

www.obesityjournal.org

Obesity | VOLUME 25 | NUMBER 4 | APRIL 2017 755


http://www.abs.gov.au/AUSSTATS/abs
http://www.abs.gov.au/AUSSTATS/abs

Obesity

BMI Trajectories of Indigenous Australian Children Thurber et al.

7. Valeggia CR, Snodgrass JJ. Health of indigenous peoples. Annu Rev Anthropol  23. Cunningham J, Mackerras D. Overweight and obesity: Indigenous Australians 1994.
2015;44:117-135. ABS Catalogue No. 4702.0. Occasional Paper. Canberra: Australian Bureau of

8. Gracey M. Historical, cultural, political, and social influences on dietary patterns Sta“St“?S; 1998. o ) ) N ]
and nutrition in Australian Aboriginal children. Am J Clin Nutr 2000;72(Suppl): 24 ;\]ustgahalr_l[ Iilialrt)h melslersl’F AdwsoLyZOCliulr;cﬂ. Azonﬁmal inl_tliMz%rrezsmgtran
S1361-S1367. slander Health Performance Framewor! eport. Canberra: 3 .

9. Liebert MA, Snodgrass JJ, Madimenos FC, et al. Implications of market integration ~ 25. Magee CA, Caputi P, Iverson DC. .Identification of distinct body mass index
for cardiovascular and metabolic health among an indigenous Amazonian trajectories in Australian children. Pediatr Obes 2013;8:189-198.

Ecuadorian population. Ann Hum Biol 2013;40:228-242. 26. Weng SF, Redsell SA, Swift JA, Yang M, Glazebrook CP. Systematic review and

10. Mitrou F, Cooke M, Lawrence D, et al. Gaps in Indigenous disadvantage not metafanlalysets of risk factors for childhood overweight identifiable during infancy.
closing: a census cohort study of social determinants of health in Australia, Canada, Arch Dis Child 2012:97:1019-1026.
and New Zealand from 1981-2006. BMC Public Health 2014;14:201. doi: 10.1186/  27. Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain
1471-2458-14-201. in children and adults: a systematic review and meta-analysis. Am J Clin Nutr 2013;

11. Australian Bureau of Statistics. 4727.0.55.005 - Australian Aboriginal and Torres 98:1084-1102.

Strait Islander Health Survey: Nutrition Results - Food and Nutrients, 2012-13.  28. Millar L, Rowland B, Nichols M, et al. Relationship between raised BMI and sugar
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4727.0.55.0052012-13?0pen- sweetened beverage and high fat food consumption among children. Obesity 2013;
Document@.nsf/DetailsPage/4727.0.55.0052012-13?0penDocument. Published March 22:E96-E103.

20, 2015. Accessed August 17, 2016. 29. Thurber KA, Dobbins T, Kirk M, Dance P, Banwell C. Early life predictors of

12. Australian Bureau of Statistics. 4714.0 - National Aboriginal and Torres Strait 1nc.reased body mass index among Indigenous Australian children. PLoS One 2015;
Islander Social Survey, 2014-15. http://www.abs.gov.au/ausstats/abs@ .nsf/mf/4714. 0 :)9‘60120029 doll: 1%]3;7]/.10“‘71‘1?‘1]‘11:‘)0’:3]3:)01/9[‘ Obesi . ) )

0. Published April 28, 2016. Accessed October 10, 2016. . Dinsa G, Goryakin Y, Fumagalli E, Suhrcke M. esity and socioeconomic status

13. Biddle N. CAEPR Indigenous Population Project 2011 Census Papers. Paper 13: . ::[dfvelolzngs cgunmes: aAsystletmallC;eV];evA/; Ol;es':ev.2[0;2;13:01(?76;—91(2);948
Socioeconomic outcomes. . clLaren L. dSocioeconomic status and obesity. Lpidemio ev N 129-408.

. ithers 4 y 4 aracteristics . Jansen , Mensal , Nicholson , Wake M. Family and neighbourhoo

14. Dyer SM, Gomersall JS, Smithers LG, et al. Prevalence and characteristics of 32.J § PW ‘M‘ h FK N h 1‘ M. W_k M Famil d ighb h d
overweight and obesity in indigenous Australian children: a systematic review socioeconomic - inequalities in  childhood  trajectories of _BMI and oYf:rwelghtz
[published online June 17, 2015]. Crit Rev Food Sci Nutr doi: 10.1080/ Longltludmalo?)[g;iégt Australian Children. PLoS One 2013;8:¢69676. doi:10.1371/
10408398.2014.991816. journal.pone. .

15. Webster V, Denney-Wilson E, Knight J, Comino E. Describing the growth and 3% gleetersb;\, Btlalfe I\;[R' S‘:FioeC(’l"?mlc igequwtiésR'“ dzlgtlgléai‘sl{) ltSrgm identifying
rapid weight gain of urban Australian Aboriginal infants. J Paediatr Child Health a4 Ae 1[’“} emBO mp e;“;‘: L“% so ”4‘702“756 5‘;’804” ! A"Pt e [-\b - . o
2013;49:303-308. . Australian Bureau of Statistics. .0.55. - Australian Aboriginal and Torres

. - L . Strait Islander Health Survey: Physical activity, 2012-13. http://www.abs.gov.au/

16. Egsﬂfs dﬁ‘;’ thsngoEian?n;Zﬂs%h%?Z: }’;f;‘? 12‘;‘::}1’;}“;; l‘nf;égtfoéus"al‘a“ ausstats%S5Cabs@.nsf/0/6EF3CCF682091 FDECA257DA4000F4A79?0pendocument.

& Y & ) : P T : Published December 5, 2014. Accessed May 9, 2016.

17. Thurber K, Banks E, Banv?/ell C. Approaches to maximising lh? accuracy of 35. Tremblay MS, LeBlanc AG, Kho ME, et al. Systematic review of sedentary
anthropometric data on children: review and empirical evaluation using the ] s . : X
Australian Loneitudinal Study of Indi ¢ Child. Public Health Res Prac behaviour and health indicators in school-aged children and youth. Int J Behav Nutr

ustralian Longitu ina tudy of Indigenous ildren. Public Health Res Pract Phys Act 2011;8:98. doi:10.1186/1479-5868-8-98.
2014;25:¢2511407. doi:10.17061/phrp2511407. . . R .
i, . . o . » JT 36. Monasta L, Batty G, Cattaneo A, et al. Early-life determinants of overweight and

18. Cole TJ', Faith 'M, P1§tr0belh A, Heo M. What is the best measure of ddlpOsl[Ay obesity: a review of systematic reviews. Obes Rev 2010;11:695-708.
change in growing children: BMI, BMI%, BMI z-score or BMI centile? Eur J Clin . .. . . .
Nutr 2005:59:419-425 37. Must A, Tybor D. Physical activity and sedentary behavior: a review of

o - longitudinal studies of weight and adiposity in youth. Int J Obes 2005;29:S84-S96.

19. De Onis M, Lobstein T. Defining obesity risk status in the general childhood .o . 1 . ith 1 £ .
lation: Which cut-offs should we use? Int J Pediatr Obes 2010:5:458-460 38. Pate R, O’neill J, Liese A, et al. Factors associated with development of excessive
popu ) : X ’ . . fatness in children and adolescents: a review of prospective studies. Obes Rev 2013;

20. Singer JD, Willett JB. Applied Langitudi(zal Dam Analysis: Modeling Change and 14:645-658.

Event Occurrence. New York: Oxford University Press; 2003. 39. Magee CA, Caputi P, Iverson DC. Patterns of health behaviours predict obesity in

21. Rabe-Hesketh S, Skrondal A. Multilevel and Longitudinal Modeling Using Stata. Australian children. J Paediatr Child Health 2013;49:291-296.

Volume I: Continuous Responses. 3rd ed. College Station, Texas: Stata Press; 2012. 40. Thurber KA, Banwell C, Neeman T, et al. Understanding barriers to fruit and

22. Wheaton N, Millar L, Allender S, Nichols M. The stability of weight status through vegetable intake in the Australian Longitudinal Study of Indigenous Children: A
the early to middle childhood years in Australia: a longitudinal study. BMJ Open mixed methods approach [published online November 29, 2016]. Public Health
2015;5:¢006963. doi:10.1136/bmjopen-2014-006963. Nutr doi:10.1017/S1368980016003013.

756 Obesity | VOLUME 25 | NUMBER 4 | APRIL 2017 www.obesityjournal.org


info:doi/10.1186/1471-2458-14-201
info:doi/10.1186/1471-2458-14-201
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4727.0.55.0052012-13?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4727.0.55.0052012-13?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4714.0
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4714.0
info:doi/10.1080/10408398.2014.991816
info:doi/10.1080/10408398.2014.991816
info:doi/10.17061/phrp2511407
info:doi/10.1136/bmjopen-2014-006963
info:doi/10.1371/journal.pone.0130039
info:doi/10.1371/journal.pone.0069676
info:doi/10.1371/journal.pone.0069676
http://www.abs.gov.au/ausstats%5Cabs@.nsf/0/6EF3CCF682091FDFCA257DA4000F4A79?Opendocument
http://www.abs.gov.au/ausstats%5Cabs@.nsf/0/6EF3CCF682091FDFCA257DA4000F4A79?Opendocument
info:doi/10.1186/1479-5868-8-98
info:doi/10.1017/S1368980016003013

