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Abstract
There are marked disparities between indigenous and non-indigenous children’s diets and oral health. Both diet and oral health are linked to
longer-term health problems. We aimed to investigate whether a culturally appropriate multi-faceted oral health promotion intervention
reduced Aboriginal children’s intake of sugars from discretionary foods at 2 years of age. We conducted a single-blind, parallel-arm
randomised controlled trial involving women who were pregnant or had given birth to an Aboriginal child in the previous 6 weeks. The
treatment group received anticipatory guidance, Motivational Interviewing, health and dental care for mothers during pregnancy and children
at 6, 12 and 18 months. The control group received usual care. The key dietary outcome was the percent energy intake from sugars in
discretionary foods (%EI), collected from up to three 24-h dietary recalls by trained research ofﬁcers who were blind to intervention group.
Secondary outcomes included intake of macronutrients, food groups, anthropometric z scores (weight, height, BMI and mid-upper arm
circumference) and blood pressure. We enrolled 224 children to the treatment group and 230 to the control group. Intention-to-treat analyses
showed that the %EI of sugars in discretionary foods was 1·6 % lower in the treatment group compared with control (95 % CI −3·4, 0·2). This
culturally appropriate intervention at four time-points from pregnancy to 18 months resulted in small changes to 2-year-old Aboriginal
children’s diets, which was insufﬁcient to warrant broader implementation of the intervention. Further consultation with Aboriginal
communities is necessary for understanding how to improve the diet and diet-related health outcomes of young Aboriginal children.
Key words: Indigenous health: Children: Energy intakes: Anticipatory guidance: Motivational Interviewing: Anthropometry

Across the world Indigenous populations suffer health
inequities from young ages, compared with non-indigenous
populations. In Australia, national surveys indicate that 2–4
year-old Aboriginal and Torres Strait Islander children
(respectfully, hereafter referred to as ‘Aboriginal’) have higher
proportions of children with overweight and obesity, and with
dental caries than non-Aboriginal children(1–3). These health
problems are preventable and share common elements, such as
links between sugary foods with adiposity and caries(4,5).
Interventions for improving young children’s diets are generally
designed for the cultural (non-Aboriginal) majority and made
available to Aboriginal families but they may not be culturally
acceptable(5,6). Often interventions tackle only one health issue
(e.g. oral health programmes are implemented independently
of other programmes) and are not integrated with health
services. This piecemeal approach of the Western medical
model is inconsistent with Australian Aboriginal philosophies
that incorporate social and spiritual wellbeing, connections with
community and country(7).

To our knowledge, there are no culturally appropriate holistic
health interventions for families with young Aboriginal children
that have dietary outcomes and have been tested via a randomised controlled trial (RCT). Therefore, we developed an oral
health promotion intervention for Australian Aboriginal families,
from pregnancy until age 2 years. The intervention involved
consulting with communities and Aboriginal CommunityControlled Health Organisations to understand the needs and
ideas of the community. Broad perspectives that incorporate
individual-level, family level and culturally relevant factors was
a central tenet of the intervention. The primary outcome was
early childhood caries, which will be reported elsewhere. The
objective of this paper is to examine diet and anthropometric
outcomes because Aboriginal families and the practitioners who
care for them have identiﬁed concerns about high sugar beverages and nutrition(5,8). The intervention was delivered under
the direction and leadership of the study’s senior Aboriginal
Research Ofﬁcer (J. H.). Thus, this oral health promotion
intervention that built upon broad cultural understandings and
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collaboration with health services offered great potential to
inﬂuence children’s diets and anthropometry.

Methods
We conducted a single-blind, parallel RCT. The intervention was
developed in partnership with local Aboriginal communities and
endorsed by an Aboriginal Reference Group who named the trial
‘Baby Teeth Talk’. The trial was conducted across metropolitan,
rural and remote areas of South Australia (area approximately 1
million km2). This trial was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involving human subjects were approved by the research ethics
committees of the Aboriginal Health Council of South Australia
(04-09-362) and University of Adelaide (H-057-2010). The trial was
registered in December 2010 at the Australian & New Zealand
Clinical Trial Registry (ACTRN12611000111976; https://www.
anzctr.org.au). The protocol has been published(9).

Study design and participants
Inclusion criteria were women who were South Australian
residents, able to provide informed consent and were either
pregnant with or gave birth to a baby of Aboriginal ethnicity
within the previous 6 weeks. Women/mothers were approached rather than fathers because the intervention commenced
during pregnancy. Participants were recruited from hospital
antenatal clinics, through Aboriginal Community-Controlled
Health Organisations, community centres and by word-ofmouth. Participants could respond directly to ﬂyers (e.g. in
antenatal clinics) or were informed by non-study clinic staff
during routine antenatal care. Clinic staff then notiﬁed trial staff
of women interested in being involved. During the course of the
trial, six research ofﬁcers (two Aboriginal ethnicity) approached
women and explained the trial using a standard script. Participants provided written informed consent.

Randomisation and blinding
The randomisation schedule was prepared by a statistician who
was not involved in the trial, using a computerised random
number generator and random block sizes of 4, 6 and 8. The
schedule was stratiﬁed by recruitment area: (1) Women’s &
Children’s Hospital, (2) Flinders Medical Centre and southern
metropolitan, (3) Lyell McEwin and northern metropolitan,
(4) Whyalla and Port Pirie, (5) Port Augusta and (6) all other areas.
Participants were randomly assigned to either the intervention or
control groups (1:1 ratio). Allocation to group occurred through a
central randomisation service via a computer algorithm, which
protected the randomisation schedule. Because of the nature of
the intervention, neither participants nor research ofﬁcers who
implemented the intervention were blind to the treatment allocation. To achieve single blinding, a different set of research staff
collected 2-year outcome data. Data were also analysed blind.

Intervention
The intervention was delivered by a research ofﬁcer during
pregnancy and at 6, 12 and 18 months, with follow-up at 2 years

postpartum. The intervention included anticipatory guidance
and Motivational Interviewing (MI) about oral health and diet,
as well as dental treatments for families and ﬂuoride varnish
for children. Anticipatory guidance involved research ofﬁcers
explaining what to expect as children grows and managing
health-related behaviours. MI involved engaging with parents
to help them identify and adopt healthier oral health behavioural practices in caring for their child’s teeth and diets. The
goals and duration of each session was as follows. During
pregnancy, the approximately 45-min session was designed to
improve understanding of oral health care during pregnancy
and links between poor oral health in the mother and the
child. Participants were given a pamphlet, adult toothbrush,
adult toothpaste, dental ﬂoss and reﬁllable water bottle. One
to ﬁve dental appointments were organised to reduce pregnant
women’s oral bacterial load, with costs covered for check-ups,
X-rays, scaling, cleaning, restorations and extractions but not
cosmetic, orthodontics and endodontics. At 6 months, the goal
of the 1-h appointment was to increase mothers understanding
of the role of sugary foods and beverages in causing tooth
decay. Guidance was given on foods and beverages with high
sugar content, and included a focus on children not going to
bed at night with a bottle containing a sweet beverage, and
working through scenarios for providing healthy choices
and dealing with family members who provide sweet foods and
beverages to children. Families were given a pamphlet, child
toothbrush, child toothpaste, an Aboriginal healthy food
cookbook and a ﬂuoride varnish was applied to the child’s
teeth. At 12-months, the focus of the approximately 1 h
appointment was on increasing understanding of oral hygiene,
particularly on how to clean children’s teeth, working through
scenarios of brushing the teeth of a reluctant child, and
brushing teeth when other family members are not supportive.
Families were given a pamphlet, child toothbrush, child toothpaste and a children’s book on teeth cleaning, and ﬂuoride
varnish was applied to the child’s teeth. At 18-months, the
approximately 45 min appointment included promoting the
child’s ﬁrst visit to a dentist, and included a pamphlet, child
toothbrush, child toothpaste, contact details of local dental
providers, a children’s book on visiting a dentist and ﬂuoride
varnish was applied to the child’s teeth. Although the speciﬁc
focus of each session differed, messages about reducing
children’s intake of sugary foods and cariogenic feeding
practices were reinforced at all time-points, and families were
free to raise questions and discuss food and beverages at all
appointments.
Staff underwent formal MI training before trial implementation, which included attending 2-d basic Motivational
Interviewing Training course, an intensive 1-d follow-up
course, monthly 1-d follow-up training for 6 months and
bi-monthly coaching for another year. All interviews were
recorded and a randomly selected subset 41 % were scored by a
trained member of the Motivational Interviewing Network of
Trainers using a standard procedure and a further twenty
interviews were assessed by an international expert for
external reliability. The ﬁdelity of the MI component has been
published(10) and veriﬁed by a member of the Motivational
Interviewing Network of Trainers. After data collection at 2 years,
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the control group were offered a delayed version of the intervention to address ethical concerns that children would otherwise
not receive any beneﬁt from participation.

Outcomes
The percentage of total daily energy intake (%EI) from sugars in
discretionary foods is the outcome of interest and is aligned
with limiting sugar to reduce caries. Dietary information was
collected by 24-h multipass recalls, using a validated protocol
for a national survey, which has involved Aboriginal people and
parents of 2-year-old children(11). Staff were trained and supported in the 24-h recall method by a nutritionist and dietitian,
and asked dietary questions in a culturally sensitive and
appropriate manner using a standard script. Up to three recalls
were collected, 2 on week days and one on a weekend day.
The ﬁrst recall was collected at a face-to-face appointment and
subsequent recalls by telephone. For children who spent time
with a carer other than the parent on the day of the recall, we
contacted the carer for information about the child’s food
intake. A food model booklet and standard household measuring cups, spoons, commonly used children’s bowls and
infant/toddler ‘sippy’ cups were used to help carers estimate
quantities of foods. All diet data were checked and entered into
Foodworks (version 7 Pro; Xyris Software) software by a
nutritionist or dietitian. Recalls were converted into nutrients
using the AUSNUT 2007 database of Australian foods. Discretionary foods were identiﬁed using food codes from national
health surveys(12). For brevity, the term discretionary foods is
applied to beverages, solid and semi-solid foods. Discretionary
foods are well deﬁned and include sweet biscuits, cakes, pastries, processed meats, ice creams and ice confections, cream,
butter, confectionery, chocolate, fried foods such as potato
chips, crisps, salty snacks and sugar-sweetened beverages.
Under this method of categorisation, fruit drinks are included as
discretionary foods but 100 % fruit juice is considered part of
fruit intake (and not discretionary foods). The main dietary
outcome was calculated by dividing the energy intake from
sugars in discretionary foods by total energy intake.
Secondary outcomes included other nutrients (energy, protein, total carbohydrates, sugars, total fat, MUFA, PUFA, dietary
ﬁbre and Na), and food groups deﬁned in the Australian Guide
to Healthy Eating (AGHE; grain (cereal) foods, fruits, vegetables/legumes/beans, dairy products and alternatives, meat
and alternatives). The AGHE food groups were included
because of their importance as a nutrition education tool. The
Australian government produce an Indigenous version of the
AGHE to aid food selection for Aboriginal families. Other secondary outcomes included children’s anthropometry and blood
pressure. Children’s weight, height and mid-upper arm circumference (MUAC) were collected using a standard protocol(13). Training for the collection of anthropometric data
included a demonstration video produced by the WHO, a
written protocol and training days run annually, which included
how to correctly measure children’s anthropometry. In addition,
staff had hands-on training from non-trial participants who were
attending a local child care centre (with parental permission).
Weight was measured in duplicate to the nearest 10 g (model

1063

803; Seca; checked monthly using standard weights). Height
was measured in duplicate using a portable stadiometer (model
213; Seca) with the child’s head positioned in the Frankfort
plane. MUAC was measured using a calibrated non-stretchable
tape. BMI was calculated as weight (kg) divided by height (m2).
Weight, height, BMI and MUAC were converted to age- and sexappropriate z scores using the zanthro program in Stata and
applying the WHO growth standards as the reference(14,15). BMI
categories (thin, healthy, overweight and obese) were calculated using the zbmicat program in Stata which applies Cole
et al. cut-points for each BMI category(16,17). Due to small
numbers, the thin and healthy BMI categories were combined,
and the overweight and obese categories were combined.
Blood pressure was collected in duplicate from the child’s right
arm using an appropriately sized cuff while sitting relaxed on
the parent’s lap (model HEM-7211; Omron).

Statistical analysis
A sample size of 400 participants was proposed to detect a 25 %
reduction in the trial’s primary outcome, early childhood caries
(80 % power, α 0·05). The present study is secondary to the main
trial and limited to the recruited sample size. Nevertheless, we
conducted a post hoc power calculation and estimated that a sample
size of 400 participants would enable the detection of a minimum
difference in percent energy intake from sugars in discretionary
foods of 0·2 % (80 % power, α 0·05, mean 10·0 (SD 0·7) %(18)).
Data were analysed according to randomisation group (intention-to-treat) using a statistical analysis plan written a priori.
No adjustment was made for the number of analyses. All available
data were used in analyses, with main ﬁndings from analyses
accounting for missing data. Dietary data were analysed by
generalised estimating equation (GEE) with adjustment for randomisation strata, week day/weekend and staff member who
collected the dietary recall. Multiple recalls were used in the GEE
to include day-to-day variance in diet. Children who had no recall
data were included in the analysis by weighting. This involved
calculating the predicted probability of having no dietary data
given the mothers’ characteristics at baseline. The inverse of
the predicted probability was then used to weight the GEE
model(19). Weights were calculated separately by treatment group
because different processes may have generated missingness. For
example, staff developed rapport with intervention families
through repeated contact, whereas the control group had no
contact from baseline to 2 years. The results of a sensitivity analysis in which extreme weights were trimmed by 5 % made no
difference to the ﬁndings (data not shown). Weighting for missing
data was considered better than multiple imputation because we
had little data to inform an imputation model for 2-year-old diets
and because of concerns about introducing bias when imputing
missing outcome data for randomised trials(20). As dietary intakes
can be misreported, sensitivity analyses were conducted to
examine the plausibility of reported energy intakes(21). In sensitivity analyses, children’s energy intake from dietary recalls was
compared against estimates of their BMR, then upper and lower
cut-points of the ratio of energy intake:BMR were applied to
identify plausible intakes of energy(22). These analyses are included as online Supplementary material.
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Anthropometric z scores and blood pressure outcomes were
analysed by generalised linear models with adjustment for
randomisation strata. Blood pressure outcomes also included
adjustments for children’s height and weight.
Data were analysed using Stata 14.0 (StataCorp).

Results
Fig. 1 shows the ﬂow of participants through the trial. Recruitment occurred from February 2011 to May 2012. Retention was
approximately 65 % in both groups, with >90 % follow-up. Most
attrition was due to difﬁculties contacting participants who
moved homes often, had unreliable telephone access and were
attending to family/cultural obligations. Baseline characteristics
in Table 1 show high levels of disadvantage experienced by the
sample including; high unemployment (treatment 185/223
(83 %), control 190/225(84 %)), smoking during pregnancy
(112/223(50 %), 109/225(48 %)), health support for ﬁnancially
disadvantaged (172/223(77 %), 181/225(80 %)) and household
crowding, as indicated by the number of residents in the home.
Age of child at follow-up was similar for both groups; intervention: mean 2·3 (SD 0·3) years; control: mean 2·2 (SD 0·3)
years). Post-randomisation variables such as birth weight and
having ever breast-fed were similar between the treatment and

Enrolment

control groups (birth weight, treatment: mean 3313 (SD 635) g,
control: mean 3263 (SD 669) g; ever breast-fed infant, treatment:
104/224 (46 %) v. control: 108/230 (47 %)).
A total of 508 dietary recalls was collected (263 intervention
and 245 control group). Of these, one recall was collected from
138 (53 %) intervention and 129 (53 %) control participants, two
recalls from 76 (30 %) and 70 (29 %) and three recalls from
49 (19 %) and 46 (19 %) participants, respectively. Dietary data
are displayed in Table 2. For the main dietary outcome, intervention group children had 1·6 % lower %EI from sugars in
discretionary foods compared with control (95 % CI −3·4, 0·2;
P = 0·079), and was similar to the complete case analyses
(−1·3 %; 95 % CI −3·1, 0·4; P = 0·133); online Supplementary
Table S1 and Supplementary Material). This effect was reduced
after adjusting for plausible energy intakes (adjusted mean
difference −1·2; 95 % CI −3·0, to 0·7; P = 0·210; see online
Supplementary Table S2 for sensitivity analyses of plausible
reporters). Intakes of total energy, macronutrients and Na were
similar in both groups (Table 2). Likewise, there were negligible
differences in major foods groups, except for fruit. Fruit intake
was 27 g higher (95 % CI −0·9, 55; P = 0·07) among treatment
group children compared with control.
Table 2 shows that intervention children had 0·2–0·3 higher
point estimates on all anthropometric z scores (weight 0·3;

Assessed for eligibility (n 449)

Excluded (n 1)
♦ Not meeting inclusion criteria
♦ Declined to participate (n 0)
♦ Other reasons (n 1)

(n 0)

Randomised
(n 448 mothers)

Allocation
Allocated to control (n 225 mothers; 230
children due to five sets of twins)
♦ Received allocated intervention (n 165)
♦ Did not receive allocated intervention (loss
to follow-up (n 53), baby passed away
(n 7) (n 60)

Allocated to intervention (n 223 mothers; 224
children due to one set of twins)
♦ Received allocated intervention (n 159)
♦ Did not receive allocated intervention (lost to
follow-up (n 59), baby passed away (n 5)
(n 64)

Follow-Up
Followed-up (n 148 children; including n 138
diet data, n 118 –145 anthropometry; n 81
blood pressure measures)
Not followed-up (n 76 children)
• Declined (n 11)
• Unable to contact (n 15)
• Withdrawn (n 1)
• Moved away (n 16)
• Other (e.g. baby died, taken into care or
seen at 3 years; n 33)

Followed-up (n 145 children; including n 129
with diet data, n 115 –142 anthropometry; n 89
blood pressure)
Not followed-up (n 85 children)
• Declined (n 1)
• Unable to contact (n 17)
• Withdrawn (n 0)
• Moved away (n 13)
• Other (baby died, taken into care only 1
twin assessed or seen at age 3; n 54)

Analysis
Included in primary outcome (n 207 children)
♦ Excluded from analysis (n 17 whose mothers
were missing ≥1 baseline variables)

Fig. 1. Flow of participants through the randomised controlled trial.

Included in primary outcome (n 217)
♦ Excluded from analysis (n 13 whose mothers
were missing ≥1 baseline variables)
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Table 1. Characteristics of the study participants (mothers) at baseline
(Mean values and standard deviations; numbers and percentages)
Intervention
(n 223)
n
Maternal age (years)
Mean
SD

Missing
Maternal ethnicity*
Aboriginal and/or Torres Strait Islander
Other
Missing
Location
Metropolitan
Regional/remote
Missing
IRSD quintile*
1 (most disadvantaged)
2
3
4 and 5 (least disadvantaged)
Missing
Maternal education
High school or less
TAFE or university
Missing
Employed
Yes
No
Missing
Car ownership
Yes
No
Missing
Health Care Card
Yes
No
Missing
Parity
0
1
2
≥3
Missing
People residing in family home on previous night
0–1
2–3
4–5
6–7
≥8
Missing
Maternal smoking in pregnancy
Never
Used to
Currently
Missing
Alcohol use in pregnancy
Never
Used to
Currently
Missing

%

24·5
5·7
14
6

Control
(n 225)
n

%

25·3
6·1
14 6

187
29
7

86
13
3

178 79
44 20
3 1

106
114
3

48
51
1

114 51
109 48
2 1

120
28
30
42
3

54
13
13
19
1

126 56
31 14
18 8
48 22
2 1

159
59
5

71
26
2

158 70
64 28
3 1

32
185
6

14
83
3

30 13
190 84
5 2

106
111
6

48
50
3

118 52
104 46
3 1

172
39
12

77
17
5

181 80
38 17
6 3

11
55
41
38
78

5
25
18
17
35

15
45
32
60
72

14
83
78
19
15
14

6
37
35
9
7
6

6 3
80 36
84 37
25 11
18 8
12 5

47
58
112
6

21
26
50
3

56 25
57 25
109 48
3 1

17
177
22
7

8
79
9
3

18 8
185 82
19 8
3 1

7
20
14
27
32

IRSD, Index of Relative Socioeconomic Disadvantage; TAFE, Technical and Further
Education (trade school/college).
* Categories have been collapsed for confidentiality in accordance with our ethical approval.

95 % CI 0·1, 0·5; P = 0·019; height 0·3; 95 % CI 0·03, 0·5; P = 0·028;
MUAC 0·2; 95 % CI −0·04, 0·5; P = 0·096; BMI 0·2; 95 % CI −0·06,
0·4; P = 0·140). There were more intervention children in the
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overweight plus obese BMI category compared with control
children (intervention 42 v. control 34 %; unadjusted risk difference 0·09; 95 % CI −0·03, 0·20; P = 0·137; adjusted risk difference
0·08; 95 % CI −0·04, 0·19; P = 0·179). Equipment malfunction and
non-compliance hampered the collection of blood pressure
measurements. Nevertheless, the treatment and control groups
had similar systolic and diastolic blood pressures (Table 2).

Discussion
This RCT suggests that a multi-faceted health promotion intervention tailored to Aboriginal families had negligible effects
on reducing children’s intake of sugars from discretionary
foods. The primary ﬁndings also reported reductions in caries at
2 years of age, although the effects were small(23). Macronutrient content of treatment and control group diets was
similar, and difference according to food groups was small. For
example, the increase in fruit intake by the treatment group
amounted to approximately 0·2 serves (one serve is about
150 g). In the context of the current study, this amounts to
increasing fruit intake in the control group children by about
one-third (27 g increase/77 g in control group = 35 %), although
note that we did not separate intake of fruit as a whole food
from 100 % juice. The increased intake of fruit and reduction in
discretionary foods reﬂect dietary improvement, and needs to
be counterbalanced with the possibility that vegetable and
healthy dairy food intakes might be lower. Although no data are
available for the %EI from discretionary foods from other trials,
our ﬁndings are similar to a 2011–2012 survey of Australian
Aboriginal children aged 2–3 years where the proportion of
total energy from discretionary foods (which includes sugars in
discretionary foods) was 32 % for 2- to 3-year-old Aboriginal
children, and this is approximately 2 % higher than nonAboriginal children(24).
This RCT was intentionally pragmatic in relation to partnerships with Aboriginal Community-Controlled Health Organisations, the frequency of the intervention and the geographic
reach across the state. The health-visitor model where staff
delivered the intervention at participant’s homes (or their
nominated location) was appropriate because many participants did not have a car to drive to appointments. Staff built
rapport with participants and supported families in a culturally
appropriate, non-judgmental manner. A large part of the success of the trial can be attributed to the dedication of the study’s
Senior Aboriginal Research Ofﬁcer (J. H.) who became personally known to all study families and was accepted (and by
proxy, the rest of the study team) into their lives and wider
community. The Aboriginal Research Ofﬁcer was involved in
recruitment, intervention delivery, accompanied other team
members when visiting a family for the ﬁrst time, promoted
the study at national celebrations of Indigenous culture,
facilitated the follow-up training of the MI component, organised transport to health services and was responsible for
dissemination of study results (e.g. presentations to community
groups). Having four intervention visits (pregnancy, 6, 12
and 18 months) reﬂected the balance between health services
taking over the intervention (should it be effective), and the
timing of important milestones such as the introduction of solid
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Table 2. Comparisons of nutrient, food, anthropometric and blood pressure outcomes of the intervention and control group children at 2 years of age
(Mean values and standard deviations; mean differences and 95 % confidence intervals)
Intervention
Mean

SD

Control
Mean

Unadjusted*
SD

−1·9

95 % CI
−3·9, −0·04

P

Mean difference

95 % CI

P

0·046

−1·6

−3·4, 0·2

0·079

−147
−1·8
−2·0
−0·6
−1·4
0·002
−2·2
−1·3
−0·6
−0·3
8
−217
−3·4

−174
−1·0
−3·8
−1·8
−2·1
0·2
−2·5
−1·4
−0·7
−0·4
6
−255
−3·9

−634,
−6·9,
−17·9,
−10·9,
−10·3,
−1·3,
−7·4,
−4·1,
−2·6,
−1·1,
−185,
−552,
−8·5,

284
4·9
10·2
7·4
6·1
1·6
2·5
1·3
1·2
0·4
197
41
0·7

0·457
0·732
0·592
0·512
0·621
0·834
0·328
0·310
0·455
0·322
0·949
0·091
0·098

2
26
−17
−25
−0·3

−25,
−2,
−44,
−108,
−21,

30
55
10
57
21

0·870
0·069
0·218
0·545
0·974

0·3
0·3
0·2
0·2
−3
−4

0·1,
0·03,
−0·1,
−0·05,
−10,
−10,

0·5
0·5
0·5
0·4
3
3

0·018
0·031
0·115
0·123
0·325
0·274

5
27
−15
−26
−6
0·3
0·3
0·2
0·2
−2
−2

−575,
−7·3,
−14·7,
−9·2,
−8·9,
−1·3,
−7·0,
−3·8,
−2·5,
−1·0,
−183,
−515,
−8·0,

280
3·7
10·6
8·0
6·1
1·3
2·7
1·2
1·2
0·4
199
79
1·2

0·500
0·518
0·753
0·888
0·709
0·997
0·384
0·308
0·517
0·422
0·933
0·150
0·152

−20,
−0·9,
−38,
−101,
−28,

30
55
8
49
16

0·691
0·070
0·204
0·496
0·603

0·1,
0·03,
−0·04,
−0·06,
−9,
−9,

0·5
0·5
0·5
0·4
5
4

0·019
0·028
0·096
0·140
0·574
0·503
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Main dietary outcome: percent energy intake from sugars in discretionary foods
7·9
0·6
9·9
0·7
Secondary nutrient-based outcomes (units)
Total energy (kJ)
4943
146
5118
183
Protein (g)
50·4
2·0
51·4
2·2
Total carbohydrates (g)
138·9
4·4
142·8
5·7
Sugar (g)
68·8
2·6
70·6
3·9
Starch (g)
69·5
3·2
71·6
2·8
Fibre (g)
11·5
0·5
11·3
0·5
Total fat (g)
45·6
1·6
48·0
1·9
SFA (g)
21·3
0·8
22·7
1·1
MUFA (g)
15·9
0·6
16·6
0·7
PUFA (g)
5·2
0·3
5·5
0·2
Na (mg)
1562
62
1555
75
Energy intake from discretionary foods (kJ)
1667
110
1922
103
Percent EI from discretionary foods (%)
33·1
1·9
37·0
1·5
Secondary food-based outcomes (food groups are categorised according to the Australian Guide to Healthy Eating)
Grains (g)
161
11
158
9
Fruits (g)
104
11
77
10
Vegetables (g)
87
9
103
11
Milk, yogurt, cheese and/or alternatives (g)
366
26
392
33
Meat and alternatives (g)
85
6
86
9
Secondary anthropometric and blood pressure outcomes‡
Weight z score
0·9
1·1
0·6
1·0
Height z score
−0·2
1·1
−0·5
1·1
Mid-upper arm circumference z score
1·6
1·0
1·3
1·1
BMI z score
1·4
1·1
1·2
1·0
Systolic blood pressure (mmHg)
111
20
114
25
Diastolic (mmHg)
73
20
77
24

Mean difference

Adjusted†

* For all dietary analyses, unadjusted mean differences were calculated from a generalised estimating equation that included all available recall data and was weighted by the inverse of the probability of having no 24-h recall data.
† Adjusted analyses were calculated as per the unadjusted but included adjustments for randomisation strata, week day and interviewer.
‡ Anthropometry and blood pressure outcomes were analysed by the generalised linear model, with adjustment for randomisation strata (area). Blood pressure outcomes were additionally adjusted for child’s height and weight.
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foods at approximately 6 months and teething. All mothers
in the intervention group received the same dose of the
intervention, although in twelve cases, when a mother was
unavailable for the 6-month intervention the components
were included in the 12-month session, and in six cases,
when a mother was unavailable for the 12-month intervention
the components were included in the 18-month session.
There was no difference in intervention dose by geographic
location. The results indicate that more visits may be
necessary to elicit greater dietary and anthropometric beneﬁt,
although this would need to be considered against practical and
budgetary limitations experienced by health services. The reach
across the entire state of South Australia was challenging
but similar to government health services. State-wide implementation allows us to judge the overall efﬁcacy across
metropolitan, rural and remote regions and across different
Aboriginal cultural groups. Together these aspects of the
trial represented what we thought would be a feasible intervention to improve general health outcomes of 2-year-old
Aboriginal children.
We have been unable to identify any comparable health
promotion RCT with oral or dietary foci that are implemented
from pregnancy and in partnership with indigenous communities. RCT that involve oral health outcomes often do not
report dietary data. Examples include an oral health promotional programme among Australian Aboriginal children(25)
and a systematic review of community-based interventions
for improving 0–18-year-old’s oral health(26). Among nonAboriginal parents, a systematic review of MI studies suggest
there are beneﬁts to children’s dietary (seven studies) or oral
health outcomes (four studies), however the evidence base is
small for interventions involving children <2 years of age (three
studies)(27). Reviews of parenting interventions for Aboriginal
parents to improve children’s health have highlighted a gap in
the evidence for rigorously collected nutrition data(28), with
only one pilot (n 43) RCT involving Native American parents.
The trial involved sixteen weekly home visits by peer workers
and showed children whose parents received nutrition-related
parenting support consumed less energy than controls(29). A
further three RCT conducted in Australia involve dietary interventions with new parents in the ﬁrst 2 years of life(6,30,31). These
trials did not set out to recruit Aboriginal families to an intervention developed by local Aboriginal communities with cultural
appropriateness in mind, nor did they report how many Aboriginal participants were enrolled. Therefore, it is not clear how
well these interventions might work for Aboriginal families as no
one has studied this issue. Nevertheless, all three RCT have results
consistent with the current RCT, with all reporting small or null
effects. For example, anticipatory guidance with ﬁrst-time mothers
from 6 to 24 months changed the way they fed their infants (less
controlling, more responsive), but 24-h dietary recalls showed
few differences in the proportion of children consuming discretionary foods(32). As none of these RCT reported the percent
energy intake from sugar in discretionary foods, our comparisons
are limited.
Of the anthropometric outcomes, intervention children had
heavier weight-for-age than controls. As the RCT conducted in
other Australian children reported null or small effects on
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anthropometry(6,30,31) this was unexpected and difﬁcult to
explain. The intervention group had higher height-for-age,
possibly indicating they are closer to reaching their height
potential than controls. However, BMI z scores were also higher
suggesting that intervention children were generally heavier
than controls. This occurred despite comparable energy intakes
in intention-to-treat, complete case and sensitivity analyses
adjusted for plausible reporting. As weight-for-age was a secondary outcome in a small sample, follow-up of these children
will help determine whether this effect persists over time.
Children in both groups had mean z scores indicating heavier
weight (z scores > 0) and shorter heights (z scores <0), which
may be due to the high proportion of women who smoked
during pregnancy (approximately 50 %) and the disadvantaged
circumstances in which participants are living(33–35).
Aboriginal community involvement is a strength of the RCT
that probably contributed to the excellent follow-up. We invite
readers to consider follow-up in context; this RCT was undertaken over vast distances (e.g. travelling 700 km to the west of
South Australia, 400 km east, 800 km north), involved highly
disadvantaged participants and long 2-year duration. We attribute the follow-up to employment of Aboriginal staff, implementation of an Aboriginal advisory group and proactive
engagement with Aboriginal health services. In fact, half of all
eligible Aboriginal children born in the state were enrolled
(approximately 900 births per annum), demonstrating the
widespread community support and generalisability of the
results. As it was impossible to conduct the intervention doubleblind, we introduced a second team of researchers to limit bias
in the collection of the outcomes. Although all intervention staff
were judged as being competent at MI, we have no way of
conﬁrming participants receipt and understanding of the trial
messages. Participants reported that the dietary recalls were
burdensome and this may have increased non-response or
socially desirable responses. However, non-response was
addressed through analytical modelling. Socially desirable
responses would have been attenuated by the 6-month interval
between the last anticipatory guidance/MI session and data collection, and different staff collecting outcome data. Furthermore,
consistency between the sensitivity analyses (plausible reporters)
and main results suggest that socially desirable responses did not
unduly inﬂuence reporting of energy intake. Other measures of
research impact that are valued by Aboriginal communities such
as participation empowerment and capacity building were
beyond the scope of this paper. For example, the RCT methods
applied here do not capture non-academic beneﬁts, perspectives
and the perceived value of this programme to Aboriginal
people(36).
The small effect of the intervention raises question about
how to improve Aboriginal children’s health. Community consultation will be undertaken before formal recommendations
can be made, which is underway. Options include strategies
other than face-to-face sessions, modifying or expanding the
content of MI and anticipatory guidance or attempting other
promising interventions(37). Although the intervention focused
on the mother/main carer, in Aboriginal culture extended family
(aunts, uncles, grandparents, cousins) are considered the core
family unit, often with many family members caring for the
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child. Furthermore, a strong cultural value is to uphold views
of elders, meaning that parents may ﬁnd it difﬁcult or take
more time to change health behaviours. Qualitative analysis
of the MI and anticipatory guidance sessions is underway.
Preliminary unpublished results suggest parents face day-to-day
challenges, conﬂict and pressures from families and communities regarding what they feed their children. This qualitative
research could identify new strategies for improving children’s
health.
In conclusion, a culturally sensitive health promotion intervention to support parents of Aboriginal children from pregnancy
to 18 months did not sufﬁciently improve children’s diets by age 2
years to warrant service-based implementation.
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