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Abstract
Background: The Melbourne Infant Feeding, Activity and Nutrition Trial (InFANT) Program, is a
community-based, cluster-randomised controlled trial of an obesity prevention intervention
delivered to first-time parents of infants from age 3- to 18-months. Conducted from 2008 to 2010,
the program had high uptake and retention and showed positive impacts on some dietary outcomes
and television viewing. Funding was secured for a follow-up study of participants two and 3.5 years
post intervention (at child ages ~3.5 and 5 years). The follow-up study aims to assess intervention
effects, mediators and moderators of effects, and program cost-effectiveness over the longer term.
Methods/design: The 492 families still enrolled in the Melbourne InFANT Program at intervention
conclusion will be recontacted and renewed consent sought to participate in this follow-up study. No
further intervention will occur. Home visit data collections will occur approximately two and 3.5
years post intervention. Main outcomes to be assessed include child body mass index, waist
circumference, diet (3 x 24-hour recalls; food frequency questionnaire), physical activity (8 days
ActiGraph accelerometer data; parent reported active play) and sedentary time (8 days ActiGraph
accelerometer and ActivPAL inclinometer data; parent reported screen time).
Discussion: Follow-up of participants of the Melbourne InFANT Program, at two and 3.5 years post
intervention will allow assessment of longer term intervention effects, investigation of potential
mediators and moderators of such effects, and economic evaluation of the longer term outcomes.
This information will be valuable to researchers and policy makers in progressing the field of early
childhood obesity prevention.
Trial registration: Current controlled Trials ISRCTN81847050
Keywords: randomized controlled trial, early childhood, obesity, prevention
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List of Abbreviations
InFANT: Infant Feeding, Activity and Nutrition Trial

Background
The prevention of childhood overweight and obesity is an international health priority [1]. Similar to
other developed nations, the prevalence of overweight and obesity in young children in Australia is
high, with 17% of 2-3 year olds overweight and 4% obese [2]. The high prevalence of overweight and
obesity in young children is concerning as weight gain in the first two years of life is associated with a
2-3 fold increase in risk of later overweight [3, 4] and most excess weight gained before puberty is
gained by the age of five years (91% girls, 70% boys) [5]. Further, excess weight is recognised to have
negative impacts on children’s health and wellness during childhood and through to adult life [6, 7].
Behaviours that promote unhealthy weight gain over the life-course are acquired during early
childhood [5, 8] and show evidence of tracking [9-14]. Data [15-19] show that from an early age
many children consume large amounts of high energy foods and drinks and relatively few fruits and
vegetables. For example, 90% of 18-month old Australian children consume energy-dense snack
foods daily, with foods considered as “non-core” providing 27% of total energy intake [16]. Evidence
of low levels of physical activity and high levels of sedentary behaviours (e.g. television viewing) in
early childhood also exists. For example, international studies [20-22] report that 3-5 year old
children spend only 3-12% of their time in moderate- to vigorous-intensity physical activity. Similarly,
Australian 3-5 year old children spend only 16% of their time in physical activity (of which 5% of their
time is in moderate-to-vigorous physical activity), with 84% of their time spent in sedentary pursuits
[23]. Further, Certain [14] reported that 17% of 0-11 month olds, 48% of 12-23 month olds, and 41%
of 2-3 year olds in the United States watch more than two hours of television per day.
Early childhood thus provides a unique opportunity to establish lifestyle behaviours that will
promote health and minimise the risk of obesity and its associated co-morbidities throughout life.
3

Despite this, few interventions have targeted early childhood and fewer still have focused on the
first two years of life when dietary, physical activity and sedentary behaviour habits are first being
acquired [24]. Reviews of existing childhood obesity prevention interventions [24-26] highlight that
parent involvement is a key component of intervention success in this age group, that most existing
interventions are too intensive and unlikely to be adopted into existing public-health service delivery
infrastructures, and that limitations of most existing interventions include a lack of follow-up post
intervention and failure to include economic evaluation.
In 2008, we commenced the Melbourne Infant Feeding, Activity and Nutrition Trial (InFANT)
Program, designed to address these gaps in evidence. The Melbourne InFANT Program is registered
with the International Standard Randomised Controlled Trial Number Register (ISRCTN81847050)
and the protocol for the intervention phase of the study has been published [27]. In brief, the
Melbourne InFANT Program was a cluster-randomised controlled trial of a community-based early
obesity prevention program which has capacity to be integrated into existing service delivery
systems. The intervention comprised 6 x 2 hour sessions delivered every 3 months to first-time
parents from when infants were approximately three months of age. Sessions were delivered within
existing first-time parent groups that are established by community Maternal and Child Health
Nurses as part of the free universal health care system in Melbourne, Australia, and have been
shown to continue without facilitation for approximately 18-months [28]. The Melbourne InFANT
Program commenced where the Maternal and Child Health Nurse involvement with the groups
ceased and parents took over their own management of the groups (at approximately child age 4months). The Program sessions took an anticipatory guidance approach, focusing on what and how
to feed, active play opportunities, alternatives to screen time and restraint, and parent modelling of
healthy eating, physical activity and reduced sedentary behaviours. The group format promoted
discussion of strategies, successes and overcoming barriers to key messages. The control group
received usual care as well as quarterly newsletters (six in total) on general child health topics not
related to obesity-promoting behaviours. Strengths of the study included: comprehensive
4

assessment of targeted behaviours using gold standard methods (objective assessment of body mass
index (BMI), physical activity and sedentary time, and three 24-hour dietary recalls); use of existing
social groups to facilitate support and increase intervention dose by non-facilitated contacts
between sessions; public health utility as the program has been developed to be both low dose and
community-based allowing feasible transfer into existing public health infrastructures; high
recruitment and retention rates; and incorporation of an economic evaluation.
The intervention phase of the Melbourne InFANT Program concluded in March 2010. A total of 62
first-time parent groups (84% response) from 14 local government areas in Melbourne, Australia
(three low, eight mid and three high socio-economic areas) were enrolled in the study. Within these
groups 542/630 parents (86% response) consented to take part in the study. At intervention
conclusion 91% of participants were retained in the sample. Results of the intervention phase of the
Melbourne InFANT Program are currently under review and indicate parents found the program to
be useful and relevant and, compared with the control group, there were more favourable lifestyle
behaviours of infants and their mothers in the intervention group. Infants in the intervention group
had significantly lower consumption of non-core drinks mid-intervention (mean age 9.1 (SD= 1.2)
months). At intervention conclusion (mean child age 19.9 (SD= 2.7) months), children in the
intervention group consumed fewer sweet snacks and spent less time watching television than
children in the control group, and their mothers had more favourable dietary patterns. While no
intervention effect was found for child BMI z-score, it is plausible that over the longer term,
persistent changes in parenting practices and obesity-promoting behaviours may have a flow on
effect to weight change.
The Australian National Health and Medical Research Council (NHMRC) has funded (Project Grant
No. 1008879) follow-up of the Melbourne InFANT Program participants two and 3.5 years post
intervention (at ages approximately 3.5 and 5 years; see Figure 1). Follow-up commenced mid-2011
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and is due to be completed by the end of 2013. This paper details the aims and protocols for this
follow-up study.
Aims and hypotheses
The aim of the Melbourne INFANT Program follow-up is to assess whether differences observed
between intervention and control groups at the conclusion of the obesity prevention intervention
(mean child age 20 months) are maintained two and 3.5 years post intervention (child age
approximately 3.5 and 5 years) without further intervention, whether any longer term effects of the
intervention are observed, and to assess mediators and moderators of any intervention effect. In
addition, an economic evaluation of the program will be undertaken.
Our primary hypotheses are that:
In comparison with control group children, children whose parents received the intervention will, at
3.5 and 5 years of age:
x

have lower BMI z-score;

x

have smaller waist circumference;

x

demonstrate higher levels of physical activity;

x

demonstrate less time spent sedentary;

x

consume a greater quantity and variety of fruits;

x

consume a greater quantity and variety of vegetables;

x

consume less non-core drinks;

x

consume less energy-dense snack foods
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Secondarily, we hypothesise intervention success for child adiposity, diet, physical activity and
sedentary behaviours will be explained by mediators and moderators 1 including:
x

parenting constructs - feeding practices; feeding strategies; practices and rules regarding
limiting children’s sedentary time; knowledge, beliefs and attitudes regarding child nutrition,
physical activity and sedentary time; modelling of healthy eating, physical activity and
sedentary time; parental self-efficacy (confidence) regarding their ability to positively
influence their child’s diet, physical activity and sedentary behaviours;

x

home environment characteristics - food availability, physical activity opportunities (e.g. play
equipment), sedentary behaviour opportunities (e.g. televisions, electronic games);

x

family characteristics (e.g. socio-economic position);

x

parent characteristics (e.g. maternal age); and

x

child characteristics (e.g. child temperament).

Further, we hypothesise that this intervention will provide a cost-effective approach to early life
obesity prevention.

Methods/Design
The Melbourne INFANT Program follow-up will involve data collection two and 3.5 years post
intervention. No further intervention will be carried out in this phase of the program. The study has
been approved by the Deakin University Human Research Ethics Committee (2007-175).
Study participants and recruitment
All 492 families who were still enrolled in the program at the end of the intervention are eligible for
the follow-up phase of the study. All families will be recontacted and invited to participate in the
1

all will be tested as mediators with the exception of child gender, maternal education and

socioeconomic position which will be tested as moderators.
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follow-up; renewed written consent will be sought. Retention strategies have been employed since
the completion of the intervention including annual newsletters, birthday and season’s greetings
cards.
Sample size estimation
At intervention conclusion, the retained sample in the Melbourne InFANT Program was 492 families
with similar numbers lost from intervention and control groups. Assuming a further 20% loss to
follow-up at each of the two follow-up assessments, we estimate having sample sizes of 394 (73% of
original sample) and 315 (58%) families at the two and 3.5 years post intervention follow-ups
respectively (child age 3.5 and 5 years respectively), with approximately equal numbers in
intervention and control groups.
Australian data [2] on the primary outcomes of this study show that mean (SD) BMI, weight and
waist measurements are 16.5(1.5)kg/m2, 16.4(2.2)kg and 51.1(3.8)cm respectively for 3 year olds
and 16.4(1.7)kg/m2, 21.3(3.6)kg and 54.5(4.6)cm for 5 year olds. Three and 5 year old children,
respectively, consume an average of 85(82)g / 92(85)g of vegetables (not including potato),
202(129)g / 229(145)g of fruit and 78(121)mL / 125(194)mL of non-core drinks daily [2], and spend
an average of 117(30)min/day / 108(27)min/day being active and 662(71)min/day / 676(61)min/day
being sedentary [23].
Assuming 5% Type I and 20% Type II error rates and approximately equal numbers of participants in
the intervention and control groups, the minimum detectable difference between groups, with a set
ŽǀĞƌĂůůƐĂŵƉůĞƐŝǌĞ;EͿŝƐĐĂůĐƵůĂƚĞĚĂƐ͗йĚĞƚĞĐƚĂďůĞĚŝĨĨĞƌĞŶĐĞс^ΎяϯϮͬ;ŵĞĂŶΎяEͿ
Thus, the estimated sample sizes of 394 and 315 at the two follow-up data collections will allow us
to detect differences between intervention and control groups at 3.5 and 5 years of age,
respectively, of at least: 3/3% in BMI (i.e. 0.4/0.5kg/m2); 4/5% in weight (i.e. 0.6/1.2kg); 2/3% in
waist circumference (i.e. 1.1/1.5cm); 28/29% in vegetable consumption (i.e. 23/27g, equivalent to
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ĂƉƉƌŽǆŝŵĂƚĞůǇЫŽĨĂƐĞƌǀĞĂĚĂǇͿ͖ϭ8/20% in fruit consumption (i.e. 37/46g, equivalent to
approximately ½ a serve a day); 44/50% in sweetened drink consumption (i.e. 34/62mL/day); 7/8%
in active time (i.e.9/9min/day); and 3/3% in sedentary time (i.e. 21/20min/day).
Data collection
All data will be collected via home visits. Research staff will schedule visits at times convenient to the
families. Questionnaires will be posted to families prior to home visits and collected at the visit.
Where questionnaires have not been completed prior to the visit, parents will be given the option to
complete the questionnaire with the assistance of research staff at the home visit or to return the
questionnaire by post once completed. Dietary recalls will be conducted after the home visits, and
will be unscheduled to minimise bias. Based on our previous experience, it is estimated the average
time taken for parents to complete the questionnaires will be approximately 45 minutes, home visit
assessments will take approximately 15 minutes, and each of the dietary recalls will take
approximately 20 minutes. Parents will be compensated for their time with a $20 gift voucher at
each wave of assessment.
Key outcome measures
Anthropometry
Height, weight and waist circumference will be measured by study staff who will undergo training
with a paediatrician specialised in clinical nutrition. Weight will be measured using a calibrated scale
and height using a calibrated stadiometer. Waist circumference (minimum circumference between
the lower border of the ribs and iliac crest) will be measured using a calibrated non-stretch tape
measure. BMI z-score will be calculated using WHO growth standards [29].
Measurement of physical activity and sedentary behaviours

9

At the home visit children will be fitted with an ActiGraph accelerometer which they will wear for
eight consecutive days (which will capture weekday and weekend day activity and sedentary
patterns) [30]. ActiGraph monitors are small, light and unobtrusive and are worn on a belt around
the waist. This methodology was successfully employed during the intervention conclusion data
collection when children were aged approximately 20 months. ActiGraph counts correlate (up to
r=0.70) with energy expenditure estimated by direct observation and doubly-labelled water
respectively, among 3-5 year old children [31, 32] and correlate highly (r=0.87) with energy
expenditure estimated by indirect calorimetry among children [33]. Counts will be recorded at 15second epochs to accurately capture the sporadic and intermittent activity patterns of young
children. Data will be downloaded and then reduced to total counts/day, minutes/day and
percentage of time spent sedentary, and in light-, moderate- and vigorous-intensity physical activity
using age-appropriate cut points [34]. In addition, indirect measures of children’s physical activity
will be assessed by parental report including: parental engagement in physically active play and
number of hours the child typically spends playing outdoors on weekdays and weekend days.
In addition, children's time spent sitting throughout the day will be objectively assessed using
activPAL monitors [35-37], worn for eight consecutive days at the same time as the accelerometer.
These monitors are small, light and unobtrusive, attach midway between the knee and hip
(positioned at the front of the thigh), with the unit enclosed in a small pocket in an elasticised belt
worn on or under clothing. ActivPAL monitors contain an inclinometer which provides information
on the vertical or horizontal position of the femur (upper leg) and can therefore record when the
child is sitting/lying or standing up and data are recorded in ‘real time’. In addition, parents will be
asked to indicate how much time (hours/minutes) their child usually spends watching
television/DVD and playing electronic games in a typical week (Monday-Friday) and on a typical
weekend (Saturday and Sunday). Test-retest reliability of these items in a previous study ranged
from ICC= 0.5-0.9 [38]. Parental reports of their child’s “usual” TV viewing has been shown to
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correlate with both videotaped observations of the child’s TV viewing [39] and with parental diaries
of viewing [40].
Measurement of dietary intake and eating behaviours
Data will be collected using the 24-hour recall method [41]. Primary carers will be interviewed by
telephone on three non-consecutive days, including one weekend day (thus capturing three
separate days of dietary data) and asked to recall all food and drink consumed by their child during
the past 24 hours. In the event that children were cared for in this period by persons other than the
primary carer, this person(s) will be contacted within 48 hours of the nominated dietary recall period
to obtain additional information using standardised procedures [42]. Visual aids will be provided to
primary carers in advance of interviews to help in estimation of quantities of food consumed. Data
will be coded using the dietary analysis program ‘Foodworks’ [43] which utilises the most up to date
food composition data for Australian children [44]. Parents will also be asked to complete a 79-item
food frequency questionnaire which will be validated against the recall data.
Assessment of mediators and moderators
Potential mediators and moderators will be assessed via parent-completed written questionnaires.
Data collected will cover: parenting constructs such as feeding behaviours and strategies [45],
knowledge, beliefs, attitudes, self-efficacy [46] and modelling (assessing parents’ own diet [47],
physical activity [48] and sedentary behaviours [49]); home environment characteristics including
food availability [50], physical activity and sedentary home environment [38, 51]; family, parent and
child characteristics including family composition, parental education, employment status, child
temperament, child sleep and time spent in childcare; and cost consequences including use of health
related services and resources. Where possible validated instruments will be used and where these
are not available for this age group, purpose-designed questions will be developed and test-retest

11

reliability and internal reliability analyses will be conducted. In addition maternal height and weight
will be measured by research staff at home visits where possible or self-reported.
Data analyses
Intervention effects will be assessed based on intention to treat principles and taking into account
the cluster-based sampling design. Longitudinal regression models will be used to compare primary
outcome variables between intervention and control groups, adjusted for baseline values where
appropriate (infants were not consuming foods nor mobile at baseline, i.e. 3 months of age, hence
adjustment for diet or physical activity variables is not possible). Appropriate adjustment for
multiple outcome comparisons will be considered as well as comparative interpretation of results
based on effect sizes.
Investigation of mediators of intervention outcomes will be undertaken using sequential linear
regression analyses, adjusting coefficients for clustering associated with the sampling design. After
ŚĂǀŝŶŐĂƐƐĞƐƐĞĚƚŚĞĚŝƌĞĐƚĞĨĨĞĐƚŽĨƚŚĞŝŶƚĞƌǀĞŶƚŝŽŶŽŶĞĂĐŚŽĨƚŚĞŬĞǇŽƵƚĐŽŵĞǀĂƌŝĂďůĞƐ;ʏͿ͕
regression analyses will assess the impact of the intervention (i.e. compare intervention and control
ŐƌŽƵƉƐͿŽŶĞĂĐŚŽĨƚŚĞƉƌŽƉŽƐĞĚŵĞĚŝĂƚŽƌƐ;ɲͿ͘/ŵƉĂĐƚŽĨŵĞĚŝĂƚŽƌǀĂƌŝĂďůĞƌĞƐŝĚƵĂůĐŚĂŶŐĞƐĐŽƌĞƐ
(i.e. change in mediator variable adjusted for baseline) on key outcomes will then be assessed,
controlling for intervention group and baseline level of key outcome where possible (baseline
measures of child diet and physical activity are not possible in this young sample);ɴͿ͘ŶĞƐƚŝŵĂƚĞŽĨ
the magnitude of the mediating efĨĞĐƚǁŝůůďĞĂƐƐĞƐƐĞĚďǇŵƵůƚŝƉůǇŝŶŐɲďǇɴ͕ƵƐŝŶŐƚŚĞƉƌŽĚƵĐƚƐŽĨ
coefficient method[52] ǁŚŝĐŚĂƐƐĞƐƐĞƐƐƚĂƚŝƐƚŝĐĂůƐŝŐŶŝĨŝĐĂŶĐĞďǇĚŝǀŝĚŝŶŐƚŚĞƉƌŽĚƵĐƚƐŽĨƚŚĞɲĂŶĚɴ
coefficients by its standard error. The percentage of any longer term outcomes that is explained by
each of the potential mediators is then calculated as the magnitude of the mediating effect divided
ďǇƚŚĞĚŝƌĞĐƚĞĨĨĞĐƚŽĨƚŚĞŝŶƚĞƌǀĞŶƚŝŽŶ;ɲΎɴͬʏͿ͘
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Investigation of moderators of longer term intervention effects will be undertaken using linear
regression analyses to assess differences in the key outcomes (all continuous variables) between
intervention and control groups, with investigation of potential moderating variables i.e. child
gender, maternal education, family- and area-level socioeconomic position.
Economic evaluation
Economic evaluation of interventions is important, particularly when assessing public health
utility. To assess the cost-effectiveness of the program, an economic evaluation will be designed,
building on and extending the current Melbourne INFANT Program cost-consequences analysis. The
economic evaluation will present a cost-consequences analysis as a first step, to compare
incremental costs of the intervention (costs accrued in the intervention arm compared to costs
accrued in the control arm) to the full list of incremental outcomes at child age 3.5 and 5 years, all
expressed in their natural units of measurement. The economic analysis will then assess the longerterm cost-effectiveness of the Melbourne InFANT Program in terms of the additional cost per
additional unit change in BMI as the pre-specified primary outcome measure of the intervention.
Uncertainty in the cost and outcome data, and sensitivity of economic evaluation results to the
methods of evaluation chosen, will be tested through extensive sensitivity analyses. Uncertainty in
the cost and outcome data, and sensitivity of economic evaluation results to the methods of
evaluation chosen, will be tested through extensive sensitivity analyses. Probabilistic sensitivity
analysis will be used to reflect statistical variation in the trial data and to assess the impact of
uncertainty in unit cost estimates and evaluation parameters (such as the discount rate) on costeffectiveness results.

Discussion
A valid criticism of intervention research in the field of obesity prevention is the consistent failure to
assess longer term effects of interventions [24, 26]. This is particularly important when considering
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obesity prevention interventions in children as parental knowledge, skills and practices have the
capacity to influence obesity-promoting behaviours over the longer term [53]. Research suggests
that without intervention, parents’ self-efficacy regarding their capacity to influence their child’s
lifestyle behaviours diminishes over the first five years of life [46]. This reduction in self-efficacy is
associated with less desirable child eating and sedentary behaviours [46]. Further, evidence suggests
that diet quality [2] and physical activity levels [22] decline while time spent in sedentary pursuits
increases [22] across the early childhood years. Assessing maintenance of intervention outcomes
observed in the Melbourne InFANT Program, across the critical early childhood period (0-5 years), is
therefore important, as is assessment of whether early intervention results in the emergence of new
benefits over the longer-term regardless of initial intervention effect.
Interventions are generally designed to impact intermediary factors (mediators) that consequently
lead to changes in the primary outcomes. The investigation of mediator variables can help to explain
how an intervention achieves and/or maintains success [54] (i.e. which factors the intervention may
have changed that in turn led to desired changes in the outcomes of interest; the mechanisms of
behaviour change). Mediating variables can also help to explain why an intervention did not achieve
or maintain success, thus investigation of such variables is not predicated on an intervention having
achieved changes in the outcomes of interest. Individuals receiving the same intervention may have
different outcomes, with some achieving and/or maintaining behaviour change while others do not.
Investigation of moderating variables can help identify for whom an intervention achieves and/or
maintains success (i.e. which characteristics of participants predict successful maintenance of
intervention effects or longer term impacts, e.g. gender, socioeconomic position). Such information
may assist in tailoring early childhood obesity prevention interventions to different population
groups for maximal effect.
It has been shown that variables that predict behaviour change are not necessarily the same
variables that predict maintenance of behaviour change [55]. Further, it has been argued that some
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mediators may be more important in the short-term (e.g. cognitive processes), while other
mediators (e.g. parenting practices) may be more important in the long-term [56]. Assessing
mediators and moderators of short-term intervention effects, and of variables that may mediate
maintenance of successful outcomes of the Melbourne InFANT Program will help to identify aspects
of the intervention that are important for longer term success, information that will help inform
future early childhood obesity prevention strategies.
In conclusion, the Melbourne InFANT Program is a novel, community-based early obesity prevention
program for parents delivered within existing social groups which had high uptake and retention.
Some positive outcomes were observed at conclusion of the intervention. Follow-up of participants
will allow assessment of maintenance of intervention effects and whether additional effects are
evident over the longer term to child age 3.5 and 5 years. A novel aspect of the follow-up study is
assessment of potential mediators and moderators of intervention effects which will allow a more
in-depth understanding of the mechanisms by which the intervention achieved its effects and the
groups for whom the intervention had most impact. Both the initial intervention and the follow-up
incorporate economic evaluations allowing assessment of the cost-effectiveness of the intervention.

Competing Interests
The authors declare that they have no competing interests.

15

Author’s contributions
KH took the lead in writing and designing the follow-up study subsequently funded by a National
Health and Medical Research Council Grant. She also led the modification of this grant for
publication.
KC contributed to the overall concept and design of the follow-up study and assisted with the writing
of the grant and this manuscript.
DC, JS, SM, ZM, AC, KB, LG, NA provided expert input and support overall for the writing of the grant
and this manuscript.
All authors read and approved the final manuscript.

Acknowledgements
This project was funded by a National Health and Medical Research Council Project Grant (No.
1008879). KDH is supported by a National Heart Foundation of Australia Career Development Award.
KC is supported by Victorian Health Promotion Foundation Fellowship. JS is supported by a National
Health and Medical Research Council Principal Research Fellowship (APP1026216). SAM is supported
by an Australian Research Council Future Fellowship. AC is supported by a National Health and
Medical Research Council Postdoctoral Fellowship. KB is supported by a National Health and Medical
Research Council Senior Research Fellowship (ID 479513). LG is supported by a National Health and
Medical Research Council Population Health Capacity Building Grant and Early Career Fellowship.

16

References
[1] Lobstein T, Baur L, Uauy R, IASO International ObesityTaskForce. Obesity in children and young
people: a crisis in public health. Obes Rev. 2004;May;5:4-104.
[2] Commonwealth Scientific Industrial Research Organisation (CSIRO). Australian National Children's
Nutrition and Physical Activity Survey. In: Ageing AGDoHa, editor. Canberra2007.
[3] Baird J, Fisher D, Lucas P, Kleijnen J, Roberts H, Law C. Being big or growing fast: systematic
review of size and growth in infancy and later obesity. BMJ. 2005;331:929.
[4] Reilly JJ. Early life risk factors for obesity in childhood: cohort study. BMJ. 2005;330:1357.
[5] Gardner DS, Hosking J, Metcalf BS, Jeffery AN, Voss LD, Wilkin TJ. Contribution of early weight
gain to childhood overweight and metabolic health: a longitudinal study (EarlyBird 36). Pediatrics.
2009;123:e67-73.
[6] Lynch J, Smith GD. A life course approach to chronic disease epidemiology. Annu Rev Public
Health. 2005;26:1-35.
[7] Kuh D, Ben-Shlomo Y. A Lifecourse Approach to Chronic Disease Epidemiology. Oxford: Oxford
University Press; 2004.
[8] Birch LL. Child feeding practices and the etiology of obesity. Obesity (Silver Spring). 2006;14:3434.
[9] Mikkila V, Rasanen L, Raitakari OT, Pietinen P, Viikari J. Consistent dietary patterns identified
from childhood to adulthood: the cardiovascular risk in Young Finns Study. Br J Nutr. 2005;93:92331.
[10] Singer MR, Moore LL, Garrahie EJ, Ellison RC. The tracking of nutrient intake in young children:
the Framingham Children's Study. Am J Public Health. 1995;85:1673-7.
[11] Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent smoking, physical
activity, and food choice behaviors. Am J Public Health. 1994;84:1121-6.

17

[12] Janz KF, Dawson JD, Mahoney LT. Tracking physical fitness and physical activity from childhood
to adolescence: the Muscatine study. Med Sci Sports Exerc. 2000;32:1250-7.
[13] Janz KF, Burns TL, Levy SM. Tracking of activity and sedentary behaviors in childhood: the Iowa
Bone Development Study. Am J Prev Med. 2005;29:171-8.
[14] Certain LK, Kahn RS. Prevalence, correlates, and trajectory of television viewing among infants
and toddlers. Pediatrics. 2002;109:634-42.
[15] Webb K, Rutihauser I, Knezevic N. Foods, nutrients and portions consumed by a sample of
Australian children aged 16-24 months. Nutr Diet. 2008;65:56-65.
[16] Webb KL, Lahti-Koski M, Rutishauser I, Hector DJ, Knezevic N, Gill T, et al. Consumption of 'extra'
foods (energy-dense, nutrient-poor) among children aged 16-24 months from western Sydney,
Australia. Public Health Nutr. 2006;9:1035-44.
[17] Bolling K, Grant C, Hamlyn B, Thronton A. Infant Feeding Survey 2005. UK Health Departments;
2007.
[18] Fox MK, Pac S, Devaney B, Jankowski L. Feeding Infants and Toddlers Study: what foods are
infants and toddlers eating? J Am Diet Assoc. 2004;104:22-30.
[19] Lioret S, Dubuisson C, Dufour A, Touvier M, Calamassi-Tran G, Maire B, et al. Trends in food
intake in French children from 1999 to 2007: results from the INCA (étude Individuelle Nationale des
Consommations Alimentaires) dietary surveys. Br J Nutr. 2010;103:585-601.
[20] Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M. Physical Activity Among Children Attending
Preschools. Pediatrics. 2004;114:1258-63.
[21] Trost SG, Sirard JR, Dowda M, Pfeiffer KA, Pate RR. Physical activity in overweight and
nonoverweight preschool children. Int J Obes. 2003;27:834-9.
[22] Jago B, Baranowski T, Thompson D, Baranowski J, Greaves K. Sedentary behavior, not TV
viewing, predicts physical activity among 3- to 7-year-old children. Pediatr Exerc Sci. 2005;17:364-76.
[23] Hinkley T, Salmon J, Hesketh K, Okely T, Crawford D. Characterising preschool children's physical
activity: The HAPPY study. J Sci Med in Sport. 2010;12:e169.
18

[24] Hesketh KD, Campbell KJ. Interventions to prevent obesity in 0-5 year olds: an updated
systematic review of the literature. Obesity. 2010;18:S27-S35.
[25] Campbell KJ, Hesketh KD. Strategies which aim to positively impact on weight, physical activity,
diet and sedentary behaviours in children from zero to five years. A systematic review of the
literature. Obes Rev. 2007;8:327-38.
[26] Waters E, de Silva-Sanigorski A, Hall BJ, Brown T, Campbell KJ, Gao Y, et al. Interventions for
preventing obesity in children. Cochrane Database Of Systematic Reviews (Online). 2011:CD001871.
[27] Campbell K, Hesketh K, Crawford D, Salmon J, Ball K, McCallum Z. The Infant Feeding Activity
and Nutrition Trial (INFANT) an early intervention to prevent childhood obesity: cluster-randomised
controlled trial. BMC Public Health. 2008;8:103-11.
[28] Scott D, Brady S, Glynn P. New mother groups as a social network intervention: consumer and
maternal and child health nurse perspectives. Aust J Adv Nurs. 2001;18:23-9.
[29] WHO Multicentre Growth Reference Study Group. WHO Child Growth Standards based on
length/height, weight and age. Acta Pædiatrica. 2006:76-85.
[30] Jackson DM, Reilly JJ, Kelly LA, Montgomery C, Grant S, Paton JY. Objectively measured physical
activity in a representative sample of 3- to 4-year-old children. Obes Res. 2003;11:420-5.
[31] Sirard JR, Trost SG, Pfeiffer KA, Dowda M, Pate RR. Calibration and Evaluation of an Objective
Measure of Physical Activity in Preschool Children. J Phys Act Health. 2005;2:345.
[32] Montgomery C, Reilly J, Jackson D, Kelly L, Slater C, Paton J, et al. Relation between physical
activity and energy expenditure in a representative sample of young children. American Journal of
Clinical Nutrition. 2004;80:591-6.
[33] Trost SG, Ward DS, Moorehead SM, Watson PD, Riner W, Burke JR. Validity of the computr
Science and Applications (CSA) activity monitor in children. Med Sci Sports Exerc. 1998;30:629-33.
[34] Trost S, Fees B, Haar S, Murray A, Crowe L. Identification and Validity of Accelerometer CutPoints for Toddlers. Obesity. 2011;p. doi:10.1038/oby.2011.364.

19

[35] Ryan C, Gray H, Newton M, Granat M. The convergent validity of free-living physical activity
monitoring as an outcome measure of functional ability in people with chronic low back pain. J Back
Musc Rehab. 2008;21:137-42.
[36] Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel activity monitor in the
measurement of posture and motion during everyday activities. Br J Sports Med. 2006;40:992-7.
[37] Ridgers ND, Salmon J, Ridley K, O'Connell E, Arundell L, Timperio A. Agreement between
activPAL and ActiGraph for assessing children's sedentary time. Int J Behav Nutr Phys Activ.
2012;9:15.
[38] Telford A, Salmon J, Jolley D, Crawford D. Reliability and validity of physical activity
questionnaires for children: The Children's Leisure Activities Study Survey (CLASS). Pediatr Exerc Sci.
2004;16:64-78.
[39] Anderson DR, Field DE, Collins PA, Lorch EP, Nathan JG. Estimates of young children's time with
television: a methodological comparison of parent reports with time-lapse video home observation.
Child Dev. 1985;56:1345-57.
[40] Dennison BA, Erb TA, Jenkins PL. Television viewing and television in bedroom associated with
overweight risk among low income preschool children. Pediatrics. 2002;109:1028-35.
[41] Johnson RK, Hankin JH. Dietary assessment and validation. In: Monsen ER, editor. Research,
Successful Aproaches. Chicago, IL: American Dietetic Association; 2003, p. 227-42.
[42] Ziegler P, Briefel R, Clusen N, Devaney B. Feeding Infants and Toddlers Study (FITS):
development of the FITS survey in comparison to other dietary survey methods. J Am Diet Assoc.
2006;106:S12-S27.
[43] Xyris Software. FoodWorks, Dietary Analysis Program. 3 ed. Brisbane, Australia2006.
[44] Food Standards Australia New Zealand. AUSNUT 2007. Australian food, supplement and
nutrient database for estimation of population nutrient intakes. Canberra: Food Standards Australia
New Zealand; 2008.

20

[45] Musher-Eizenman D, Holub S. Comprehensive Feeding Practices Questionnaire: validation of a
new measure of parental feeding practices. J Pediatr Psychol. 2007;32:960-72.
[46] Campbell KJ, Hesketh K, Siverii A, Abbott G. Maternal self-efficacy regarding children’s eating
and sedentary behaviours in the early years: associations with children’s food intake and sedentary
behaviours. Int J Paediatr Obes. 2010;6:501-8.
[47] Hodge A, Patterson AJ, Brown WJ, Ireland P, Giles G. The Anti Cancer Council of Victoria FFQ:
relative validity of nutrient intakes compared with weighed food records in young to middle-aged
women in a study of iron supplementation. Aust N Z J Public Health. 2000;24:576-83.
[48] Australian Institute of Health and Welfare (AIHW). The Active Australia Survey. A guide and
manual for implementation, analysis and reporting. In: AIHW, editor. Canberra2003.
[49] Salmon J, Owen N, Crawford D, Bauman A, Sallis JF. Physical activity and sedentary behavior: a
population-based study of barriers, enjoyment, and preference. Health Psychol. 2003;22:178-88.
[50] Fulkerson JA, Nelson MC, Lytle L, Moe S, Heitzler C, Pasch KE. The validation of a home food
inventory. Int J Behav Nutr and Phys Act. 2008;5:55.
[51] Jackson M, Crawford D, Campbell K, Salmon J. Are parental concerns about children's inactivity
warranted and are they associated with a supportive home environment? Res Q Exerc Sport.
2008;79:274-82.
[52] Krull JL, MacKinnon DP. Multilevel mediation modeling in group-based intervention studies. Eval
Rev. 1999;23:418-44.
[53] Bandura A. Social foundations of thought and action: a social cognitive theory. Englewood
Cliffs,NJ1986.
[54] MacKinnon DP, Krull JL, Lockwood CM. Equivalence of the mediation, confounding and
suppression effect. Prev Sci. 2000;1.
[55] Herd N, Borland R, Hyland A. Predictors of smoking relapse by duration of abstinence: findings
from the International Tobacco Control (ITC) Four Country Survey. Addiction. 2009;104:2088-99.

21

[56] Lewis BA, Marcus BH, Pate RR, Dunn AL. Psychosocial mediators of physical activity behavior
among adults and children. Am J Prev Med. 2002;23:26-35.

22

Figure 1: Flowchart of participants and timing of data collection for the Melbourne InFANT
Program.
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