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Abstract
Objective  Over the past 10–15 years there has been 
substantial investment in New South Wales (NSW), 
Australia, to reduce child obesity through interventions in 
children aged 0–5 years. We report changes in weight and 
weight-related behaviours of 5-year-old children.
Design  Cross-sectional surveys conducted in 2010 and 
2015.
Setting  NSW schools (2010 n=44; 2015 n=41)
Participants  Australian children in kindergarten (2010 
n=1141 and 2015 n=1150).
Outcome measures  Change in anthropometry and 
indicators of diet, screen time, school travel and 
awareness of health recommendations. Additionally, we 
examined 2015 differences in weight-related behaviours 
by sociodemographic characteristics.
Results  Prevalence of overweight/obesity was 2.1% 
lower (adjusted OR (AOR) 0.83, 95% CI 0.67 to 1.04) and 
abdominal obesity 1.7% higher (AOR 1.35, 95% CI 0.93 
to 1.98) in 2015 than 2010. Significant improvements in 
multiple weight-related behaviours were observed among 
children in the highest tertile of junk food consumption 
(AOR 0.63, 95% CI 0.50 to 0.80), rewarded for good 
behaviour with sweets (AOR 0.59, 95% CI 0.47 to 0.74) 
and had a TV in their bedroom (AOR 0.65, 95% CI 0.43 
to 0.96). In 2015, children from low socioeconomic 
neighbourhoods and non-English-speaking backgrounds 
were generally less likely to engage in healthy weight-
related behaviours than children from high socioeconomic 
status neighbourhoods and from English-speaking 
backgrounds. Children in these demographic groups were 
less likely to eat breakfast daily, have high junk food intake 
and eat fast food regularly. Children from rural areas 
tended to have healthier weight-related behaviours than 
children from urban areas.
Conclusions  There were significant positive changes 
in 5-year-old children’s weight-related behaviours but 
children from low socioeconomic neighbourhoods and 
from non-English-speaking backgrounds were more likely 
to engage in unhealthy weight-related behaviours than 
children from high socioeconomic neighbourhoods and 
English-speaking backgrounds. The findings indicate that 
there is a need to enhance population-level efforts and 

ensure community programmes are targeted and tailored 
to meet different subpopulation needs.

Introduction 
Children who are obese during childhood 
are five times more likely to be obese in adult-
hood compared with non-obese children.1 
The evidence also shows that obesity-re-
lated behaviours including poor diet quality, 
decreased physical activity, increased seden-
tary behaviours and decreased sleep dura-
tion are established in, and tracked from, 
early childhood.2 Together, these findings 
suggest investment to promote healthy life-
style behaviours during childhood may play 
a particularly strategic role in population 
obesity prevention.

Within a socioecological framework, the 
home environment exerts the most signifi-
cant influence on children's acquisition of 
weight-related behaviours; however, as chil-
dren grow the early child  care setting also 
has an important role in the development 

Strengths and limitations of this study

►► Data come from two cross-sectional state popula-
tion health surveys with high response rates, mea-
sured anthropometry and validated measures of 
weight-related behaviours.

►► Although there is no international consensus for di-
etary cut points which has led to considerable vari-
ation across studies, our cut points were based on 
dietary guidelines to represent a lower frequency or 
‘limiting’ consumption of discretionary foods.

►► Parents completed the questionnaire and may be 
influenced by social desirability bias given the in-
creasing role of social media in shaping community 
perceptions and public discourse on obesity.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-019391
http://dx.doi.org/10.1136/bmjopen-2017-019391
http://dx.doi.org/10.1136/bmjopen-2017-019391
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2017-019391&domain=pdf&date_stamp=2018-04-07
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of young children’s weight-related behaviours. In 2014, 
in New South Wales (NSW), Australia, about 21% 
of <2-year-olds, 58% of 2–3 year-olds and 44% of 4–5 year-
olds attended some form of formal child care services,3 
showing that these services are pivotal in reaching large 
numbers of children and their parents.

Over the past 10–15 years there has been substantial 
investment in NSW to reduce child obesity through a 
succession of state plans, policies and programmes to 
support the healthy development of children from birth 
to 5 years. The overarching strategy is a whole of govern-
ment framework to encourage and support opportunities 
for the community to be healthy through the delivery of 
evidence-based, interactive and relevant programmes. 
These initiatives include professional development 
programmes for the early child  care sector,4 supported 
playgroups,5 websites (eg, www.​healthykids.​nsw.​gov.​au), 
health screening programmes for 4-year-olds6 and tele-
phone-based support services for parents of children 
aged 0–2 years. To date, a summary of the net effects of 
investment in early childhood obesity prevention in NSW 
is yet to be examined.

There is clear evidence that the distribution of child 
obesity is unequal across population groups. The popu-
lation distribution of child obesity is higher among 
children from lower socioeconomic background status, 
internationally7 and in Australia.8 Similarly, the preva-
lence of child obesity can be higher among children from 
culturally and linguistically diverse (CALD) communities. 
In 2016, almost half of  the Australian population were 
born overseas or have at least one parent born overseas 
and 21% speak a language other than English at home.9 
Language spoken at home is a recognised indicator of 
CALD background and people who speak a non-English 
language at home tend to be recent immigrants who 
may be disadvantaged in health literacy and healthcare 
access.10 11 These reasons underpin the importance of 
examining health outcomes by subpopulation groups 
to identify whether there are any apparent or emerging 
health inequalities among children from disadvantaged 
backgrounds.

The purpose of this study was to use cross-sectional 
surveillance data collected in 2010 and 2015 to examine 
changes in weight and weight-related behaviours of chil-
dren in the first year of school. The assumption is that 
changes in the weight and weight-related behaviours of 
children entering school reflect the overall investment 
in early childhood by different stakeholders through 
multiple programmes and in different settings. We also 
examined weight-related behaviours by sociodemo-
graphic characteristics to identify subpopulations of 
children who may require greater support to change 
weight-related behaviours.

Methods
Data come from the 2010 and 2015 NSW Schools Phys-
ical Activity and Nutrition Survey, a representative 

cross-sectional population survey of weight and weight-re-
lated behaviours of children aged 5–16 years conducted 
every 5 years. This study examined only data from children 
in kindergarten aged approximately 5 years. Detailed 
descriptions of the survey methodology are published 
elsewhere.12 Briefly, the surveys are designed to be repre-
sentative of school-age children in terms of type of school, 
residence and socioeconomic status  (SES). Sample size 
was based on detecting a difference of 10% in the preva-
lence of overweight/obesity between boys and girls within 
each year group, with 80% power and alpha=0.05. The 
surveys are school  based and use comparable sampling 
frames that are based on a two-stage probability sample 
(school and student). The probability of school selection 
was proportional to size of the school enrolment. Schools 
were sampled from each education sector (government, 
independent, Catholic) proportional to enrolment in that 
sector and all students from two randomly selected classes 
were invited to participate. The study protocols were 
comparable for each survey year and data were collected 
in schools by trained field teams during February to April 
of each survey year. Informed consent from each child’s 
parent/carer was a requirement for participation. 

Measures
The questionnaire and measurement protocol were the 
same for both survey years. Parents completed the self-ad-
ministered questionnaire for their child at home at time 
of consent. Sociodemographic information included the 
child’s sex, date of birth, language spoken most often at 
home and postcode of residence. Postcode of residence 
was used as proxy measure of SES using the Australian 
Bureau of Statistics’ Socio-Economic Indexes for Areas 
(SEIFA) Index of Relative Socio-economic Disadvan-
tage.13 SEIFA scores from the 2011 census were used to 
rank students into low, middle and high SES neighbour-
hoods. Postcode of residence was also used to determine 
residential locality using the Accessibility/Remoteness 
Index of Australia in 2010 and the Australian Statistical 
Geography Standard in 2015,14 and children were catego-
rised as living in urban or rural areas. Language spoken 
most often at home was used to categorise children into 
English-speaking or non-English-speaking backgrounds.15

Height (m), weight (kg) and waist circumference (cm) 
were measured over one layer of light clothing during the 
school visit by field staff. Body mass index (BMI) was calcu-
lated (kg/m2) and children categorised as thin, healthy 
weight, overweight and obese using the International 
Obesity Task Force age-sex adjusted cut points.16 Waist-to-
height ratio (WtHR), an indicator of abdominal obesity, 
was calculated as waist circumference (cm) divided by 
height (cm) and dichotomised as <0.5 or ≥0.5.17

Indicators of dietary intake were collected using a vali-
dated short food frequency questionnaire specifically 
developed for population surveillance surveys.18 Parents 
reported the usual frequency their child consumed 
fruits  and vegetables (Doesn’t eat fruits/vegeta-
bles, <1 serve/day, 1 serve/day, 2 serves/day, 3 serves/day, 

www.healthykids.nsw.gov.au
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4 serves/day, 5 serves/day, 6 or more serves/day),  and 
fried potato products, salty snack foods, snack foods, 
confectionery and ice cream (never/rarely, 1–2 times/
week, 3–4 times/week, 5–6 times/week, 1 time/day, 2 
times/day). For the analysis, fruit and vegetable intakes 
were dichotomised according to daily recommended 
serves for children aged  5 years.19 Discretionary foods 
(ie, fried potato products, salty snack foods, snack foods, 
confectionery, ice cream) are not necessary for a healthy 
diet and the guidelines recommend limiting these 
foods.19 For the analysis, ‘limited’ was defined a priori 
as less than three times a week and discretionary foods 
were dichotomised as <3 or ≥3 times/week. Additionally, 
because discretionary foods are rarely eaten in isolation 
we examined total consumption using a junk food intake 
measure.20

Information on eating behaviours included the 
frequency of eating breakfast, eating dinner in front of 
the TV and eating meals or snacks from fast-food outlets 
(never/rarely, <1/week, 1–2 times/week, 3–4 times/week, 
5–6 times/week or every day). For the analysis, breakfast 
was dichotomised according to dietary guidelines as daily 
or not daily.19 There is no consensus how often children 
should eat dinner in  front of the TV or eat fast foods; 
however, other research indicates that eating dinner in 
front of the TV five or more times/week is associated with 
poor diet quality and overweight in children,21 hence 
eating dinner in front of the TV was dichotomised as 
<5 or ≥5 times/week. Eating fast foods one or more times 
a week is associated with increased BMI in children,22 so 
we dichotomised fast food as <1 (infrequent) or ≥1 time/
week (frequent). Parents also reported how often they 
offered sweets to their child for good behaviour (rarely/
never, sometimes or usually) and these were dichoto-
mised for the analysis as rarely/never or sometimes/
usually, based on dietary guidelines which recommend 
limiting discretionary foods.

Information about the home screen environment (TV, 
videos/DVDs, computer, smartphone, tablets, e-games) 
included whether their child had a TV in the bedroom 
(yes or no) and limiting their child’s screen time (rarely/
never, sometimes or usually), and these were dichoto-
mised for the analysis as rarely/never or sometimes/
usually. Time spent on screen devices was collected by 
questionnaire23 and time dichotomised for the analysis 
according to screen  time recommendations:  <2 hours/
day or ≥2 hours/day.24

Parents reported how their child usually travelled to 
and from school separately for each school day; options 
included walk, cycle, skateboard or scooter, car, bus, train 
or ferry/boat. Parents could report more than one travel 
mode for each trip. For the analysis, children’s travel 
modes were classified as ‘inactive travelers’ if driven to 
and from school 5 days/week and ‘active travelers’ if 
they walked, cycled and used a skateboard or scooter to 
travel to and from school 5 days/week. Children who used 
multiple transport modes to travel to and from school 
were classified as ‘mixed travelers’. Because active travel 

is considered a healthy behaviour and sitting time in car 
travel is considered less healthy, we only examined chil-
dren who were active or inactive travellers.

Parents’ awareness of national recommendations for 
children’s physical activity and screen  time was assessed 
by two questions: How many minutes of physical activity is 
it  recommended that school-age children do each day? and Up 
to how many hours of television, video, DVD or computer games 
is it recommended that school-age children watch each day? The 
response options were to report the time or check ‘Don’t 
know’. Parents who reported the correct times were 
deemed to know the recommendations and parents who 
reported the incorrect time or ‘don’t know’ were classified 
as not knowing the recommendation. Information on the 
child’s physical activity was collected only in 2015 using a 
single-item question recommended for estimating phys-
ical activity in child surveys. The question was Over the past 
7 days, on how many days was your child engaged in moderate 
to vigorous physical activity for at least 60 min? Response cate-
gories were 0–7 days, with a response of 7 days indication 
meeting the physical activity recommendations.

Statistical analyses
Data were analysed in June 2017 using SPSS Complex 
Sample Analysis (V.22 for Windows; IBM) to account for 
the complex sampling design. Poststratification weights 
were calculated to account for variations in response 
rates, along with cluster and stratification variables to 
account for the complex sampling design and weighted 
prevalences are presented. Missing values were not 
replaced (<5% of data). Categorical differences between 
2010 and 2015 were first assessed using Χ2 statistic, and 
analysis of variance was used for continuous variables. 
Logistic models were used to assess change between 
survey periods in weight outcomes, dietary patterns and 
habits, screen time, school travel and parent’s awareness 
of national recommendations for physical activity and 
screen time. Covariates included sex, age, residence, SES 
tertile and language background.

Policy and decision makers require up-to-date evidence 
to guide the development of intervention and health 
promotion activities. Given the established evidence on 
sociodemographic differences among children’s weight 
and weight-related behaviours, we report outcomes 
from the most recent survey (2015) to identify whether 
subgroups of children may require greater or more 
targeted intervention. We examined differences between 
children from rural and urban residences, low and high 
SES neighbourhoods, and from non-English-speaking 
backgrounds and English-speaking backgrounds using 
logistic regression, controlling for sex. We present the 
ORs and their corresponding 95% CIs for each indepen-
dent variable. The significance level was set at p≤0.05.

Results
The 2010 survey comprised 1141 children in kindergarten 
from 44 schools (response rate 62%) and the 2015 survey 
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comprised 1150 children in kindergarten from 41 schools 
(response rate 70%). Table 1 shows there were no signifi-
cant differences in the children’s sociodemographic char-
acteristics between surveys. At both surveys, the majority 
of children were from English-speaking backgrounds 
and resided in urban areas. The prevalence and adjusted 
ORs of overweight, obesity, overweight-obesity combined 
and WtHR ≥0.5, stratified by sex are presented in table 2 

and show there were no statistically significant changes 
between survey years. In 2015, approximately one in six 
children were overweight/obese and had WtHR ≥0.5.

Table  3 shows there were some significant positive 
changes in behaviours including the lower consumption 
of junk food, less TVs in children’s bedrooms and a higher 
parental awareness of children’s screen time and physical 
activity recommendations. Although changes were not 

Table 1  Sociodemographic characteristics of children by survey year* (%; 95% CI)

2010 2015 P values

n 1141 1150

Response rates (%) 62.0 69.7

Age (years; SE) 5.35 (0.006) 5.39 (0.025) 0.079

Girls (%) 48.3 (47.6 to 49.0) 50.2 (46.9 to 53.5) 0.274

Residential locality

 � Urban 88.5 (82.1 to 92.8) 80.0 (64.6 to 89.8) 0.168

Socioeconomic status (%)

 � Low 30.8 (22.9 to 39.9) 21.5 (11.9 to 35.7) 0.097

 � Middle 41.5 (28.9 to 55.4) 32.0 (20.1 to 46.9)

 � High 27.7 (22.9 to 33.1) 46.5 (31.8 to 61.7)

Language background (%)

 � English speaking 85.1 (81.6 to  88.0) 85.8 (79.2 to 90.5) 0.838

 � Non-English speaking 14.9 (12.0 to 18.4) 14.2 (9.5 to 20.8)

*Weighted percentages.

Table 2  Prevalence and change between 2010 and 2015 of overweight, obesity and waist-to-height ratio and adjusted 
OR (AOR; 95% CI)*

Survey year Change (%)
(2010–2015)

AOR
(2010=reference group)2010 2015

All children (n)† 1141 1150

 � Overweight (%) 13.9 11.1 −2.8 0.83 (0.67 to 1.04)

 � Obese (%) 5.7 6.3 0.6 1.49 (0.83 to 2.68)

 � Overweight/obese (%) 19.6 17.5 −2.1 0.83 (0.67 to 1.04)

 � WtHR ≥0.5 14.8 16.5 1.7 1.35 (0.93 to 1.98)

Girls (n)‡ 551 577

 � Overweight (%) 15.6 12.6 −3.0 0.83 (0.60 to 1.14)

 � Obese (%) 6.4 6.6 0.2 1.41 (0.83 to 2.40)

 � Overweight/obese (%) 22.0 19.2 −2.8 0.98 (0.73 to 1.33)

 � WtHR ≥0.5 16.7 18.1 1.4 1.30 (0.83 to 2.03)

Boys (n)‡ 590 573

 � Overweight (%) 12.4 9.6 −2.8 0.85 (0.51 to 1.40)

 � Obese (%) 5.0 6.1 1.1 1.77 (0.77 to 4.07)

 � Overweight/obese (%) 17.3 15.7 −1.6 1.11 (0.64 to 1.93)

 � WtHR ≥0.5 13.1 14.8 1.7 1.51 (0.98 to 2.32)

*Weighted prevalences.
†AOR, adjusted for age, sex, residence, SES and language background.
‡AOR, adjusted for age, residence, SES and language background.
AOR, adjusted OR; SES, socioeconomic status; WtHR, waist-to-height ratio.
Bolded values are statistically significant. 
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statistically significant, the daily consumption of vegeta-
bles remained low, with less than 3% of children meeting 
the recommendation; 15% of children did not eat break-
fast daily, one in five children regularly ate dinner in front 
of the TV and ate fast food one or more times a week. 
Parental awareness of the screen time recommendation 
increased between surveys, yet one-third of children did 
not meet the recommendation on school days and four in 
five did not meet the recommendation on weekend days. 
There were no changes in children’s school travel.

Table 4 shows the OR, adjusted for sex, for unhealthy 
weight-related behaviours by sociodemographic 

characteristics in 2015. Children residing in urban 
areas were less likely to meet recommended daily 
serves of vegetables, eat breakfast daily and to regu-
larly eat dinner in front of the TV than children 
living in rural areas. Compared with children from 
high SES neighbourhoods, children in low SES 
neighbourhoods were generally more than twice as 
likely to have a high junk food intake, not eat break-
fast daily, eat fast food one or more times a week, 
have a TV in the bedroom, not meet screen  time 
recommendations on weekdays and be driven to and 
from school daily.

Table 3  Prevalence of children’s weight-related behaviours, by survey year (%, 95% CI)*

Weight-related behaviours

Survey year 2010 vs 2015

2010
(n=1141)

2015
(n=1150) P values AOR (95% CI)

Dietary patterns and behaviours

 � Meets recommend daily fruit serves 73.2 (69.6 to 76.5) 79.0 (75.9 to 81.8) 0.013 1.32 (1.05 to 1.65)

 � Meets recommend daily vegetable serves 2.6 (2.1 to 3.3) 2.3 (1.6 to 3.4) 0.626 0.81 (0.49 to 1.34)

Junk food intake measure (JFIM: range 0–25)

 � �   Low tertile (range 0–5) 42.1 (38.9 to 45.4) 51.6 (47.5 to 55.7) 0.002 1.58 (1.25 to 2.00)

 � �   Middle tertile (range 6–8) 33.4 (29.5 to 37.4) 31.1 (28.3 to 34.1) 0.81 (0.63 to 1.03)

 � �   High tertile (range 9–25) 24.5 (23.8 to 25.3) 17.3 (14.5 to 20.4) 0.63 (0.50 to 0.80)

 � Eats salty snack foods ≥3/week 31.6 (30.9 to 32.3) 22.7 (18.1 to 28.1) 0.003 0.73 (0.61 to 0.87)

 � Eats sweet/savoury snack foods ≥3/week 56.4 (54.9 to 58.0) 49.3 (45.5 to 53.1) 0.001 0.72 (0.55 to 0.95)

 � Eats fried potato products ≥3/week 12.8 (11.0 to 14.9) 7.9 (5.5 to 11.1) 0.011 0.69 (0.43 to 1.12)

 � Eats confectionery ≥3/week 33.3 (30.7 to 36.1) 26.4 (22.9 to 30.2) 0.004 0.76 (0.63 to 0.91)

 � Eats ice cream/ice blocks ≥3/week 43.6 (38.8 to 48.4) 31.6 (28.3 to 35.0) <0.001 0.59 (0.46 to 0.77)

 � Eats breakfast daily 87.3 (86.2 to 88.2) 84.8 (80.1 to 88.5) 0.229 0.66 (0.47 to 0.90)

 � Eats dinner in front of the TV ≥5/week 17.8 (16.6 to 19.0) 18.3 (15.4 to 21.5) 0.775 1.10 (0.88 to 1.37)

 � Eats fast food ≥1/week 24.0 (20.9 to 27.4) 20.4 (16.4 to 25.2) 0.206 0.92 (0.69 to 1.23)

 � Parent usually rewards child’s good 
behaviour with sweets

12.6 (11.7 to 13.6) 7.9 (6.4 to 9.8) <0.001 0.59 (0.47 to 0.74)

Screen time

 � Child has TV in bedroom 21.6 (17.8 to 25.8) 13.1 (9.8 to 17.1) 0.004 0.65 (0.43 to 0.96)

 � No limits on child’s screen time 8.2 (7.4 to 9.0) 6.1 (4.5 to 8.1) 0.057 1.28 (0.90 to 1.81)

 � Meets ST recommendation on weekdays 64.3 (59.5 to 68.9) 65.5 (61.2 to 69.5) 0.72 0.91 (0.69 to 1.19)

 � Meets ST recommendation on weekend days 21.7 (19.5 to 24.0) 19.7 (17.5 to 22.1) 0.246 0.84 (0.69 to 1.04)

School travel (5 days/week)

 � Driven to school 52.6 (41.7 to 63.2) 59.8 (53.4 to 65.8) 0.278 1.43 (0.85 to 2.40)

 � Driven home from school 54.2 (43.7 to 64.3) 57.5 (51.4 to 63.5) 0.599 1.21 (0.73 to 2.01)

 � Walked to school 19.9 (13.5 to 28.2) 16.0 (11.9 to 21.0) 0.372 0.76 (0.43 to 1.34)

 � Walked home from school 18.6 (13.0 to 26.0) 16.6 (12.5 to 21.7) 0.622 0.83 (0.47 to 1.46)

 � Mixed travel modes to school 19.7 (16.1 to 23.9) 20.1 (17.1 to 23.5) 0.886 1.03 (0.73 to 1.44)

 � Mixed travel modes home from school 19.6 (16.0 to 23.8) 20.7 (17.5 to 24.3) 0.694 1.07 (0.76 to 1.52)

Parental knowledge and awareness

 � Knows the ST recommendation 11.1 (9.8 to 12.5) 14.8 (12.4 to 17.6) 0.008 1.36 (1.06 to 1.73)

 � Knows the PA recommendation 18.5 (17.3 to19.7) 29.9 (26.2 to 34.0) <0.001 1.72 (1.40 to 2.10)

*Weighted prevalences.
Covariates include sex, residence, SES tertile and language background.
AOR, adjusted OR; PA, physical activity; SES, socioeconomic status; ST, screen time.
Bolded values are statistically significant.
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Children from non-English-speaking backgrounds 
were more likely to have higher junk food consumption, 
not eat breakfast daily, regularly eat dinner in front of 
the TV and eat fast food one or more times a week than 
children from English-speaking backgrounds. Parents 
from non-English-speaking backgrounds were more than 
twice as likely to not know the daily recommendations 
for screen  time and physical activity than parents from 
English-speaking backgrounds. Compared with children 
from English-speaking backgrounds, those from non-En-
glish-speaking backgrounds were less likely to not meet 
screen time recommendations on weekend days.

Discussion
This study shows there have been significant, positive 
changes in weight-related behaviours of 5-year-old chil-
dren between 2010 and 2015 and, although not statistically 
significant, the prevalences of overweight and over-
weight-obesity were lower in 2015 than 2010. The higher, 
but not statistically significant, prevalences of obesity 
and WtHR ≥0.5 in 2015 may indicate that the degree of 
obesity is increasing. That is, the distribution of BMI is 
shifting to the right and the prevalence of morbid obesity 
among children may be increasing; a finding previously 
reported among Australian children.25 Although based 
on cross-sectional data, the sample is representative of 
the children of NSW and these findings are promising. 
Understanding the drivers for the changes we observed 
is difficult because of the complex interacting contexts of 
obesity prevention. There may well be factors that were 
not measured such as genetic susceptibility and environ-
mental features such as the food and physical activity 
environments, which may also be influencing the prev-
alence. In NSW, there has been substantial investment 
in population obesity prevention since 200226–29 and 
potentially, the changes we observed in some behaviours 
reflect a compounding effect of continual and multiple 
investments over the past 10–15 years, so that the chil-
dren who participated in the 2015 survey will have had 
greater opportunity to be exposed to obesity prevention 
programmes, compared with the children we measured 
in 2010. However, because of our cross-sectional design 
no causal relationships can be ascertained, so it cannot 
be determined whether deficiencies in the type/content 
of the programme or in uptake of the programme are the 
reason for the results.

While there were positive changes in many weight-re-
lated behaviours, the prevalence of some behaviours in 
2015 remains a concern. The most notable is the very 
low proportion of children (2.3%) meeting the recom-
mended intake of vegetables, indicating these children 
are missing the benefits of dietary vitamins, minerals and 
fibre.19 This finding is consistent with national surveys30 
and other studies which have shown vegetable intake in 
Australian children is poor.31 Conversely, 79% of chil-
dren met recommended intake of fruit, but adherence 
was lower among children living in urban areas than 

children living in rural areas. Potentially, national school-
based fruit and vegetable programmes32 need to focus on 
promoting vegetables.

Children’s consumption of discretionary or ‘junk’ foods 
was lower in 2015 than 2010 but the consumption of these 
foods remains higher than dietary guidelines recom-
mend. Our findings are consistent with national data 
which estimate that more than one-third of energy intake 
among children aged 4–8 years comes from discretionary 
foods.33 In 2015, the consumption of discretionary foods 
was higher among children living in low SES neighbour-
hoods and children from non-English-speaking back-
grounds than their peers. A recent systematic review34 
concluded that fast-food outlets were more prevalent in 
low than middle and high SES neighbourhoods, and in 
areas with high concentrations of ethnic minority groups; 
however, further qualitative work is required to determine 
if factors other than availability influence consumption. 
Potential promising strategies to reduce children’s junk 
food consumption include limiting the accessibility, avail-
ability and advertising of these foods to young children, 
increasing food literacy among parents, and working with 
the food industry to improve nutrient profiles of junk 
foods.35

Home-based eating practices associated with over-
weight/obesity in children include eating breakfast daily, 
eating dinner in front of the TV, eating snacks/meals from 
fast-food and take-away outlets and parents rewarding 
children’s good behaviour with sweets.36 Eating a healthy 
breakfast daily (eg, whole grains, fresh fruits/vegetables) 
has been linked to a decreased risk in obesity,37 better 
nutrient intakes38 and improved school attendance, 
which in turn may improve academic outcomes in school-
children,39 yet one in seven children in this study did not 
eat breakfast daily and those children were more likely to 
live in urban areas, have low SES neighbourhoods and be 
from non-English-speaking backgrounds.

Parental use of sweets as rewards may adversely impact 
on children’s diet through reinforcing a child’s prefer-
ence and liking for sweet food rewards.40 We found the 
proportion of parents using sweets as a reward for good 
behaviour was significantly lower in 2015 which may influ-
ence caloric intake and the development of dental caries. 
Parents can inadvertently promote excess weight gain in 
childhood through role modelling food routines such as 
eating in front of the TV and regular consumption of fast 
foods that establish these behaviours as normal eating 
routines. One in five children in this study frequently ate 
in front of the TV and this practice was more prevalent 
among children living in urban areas and from non-En-
glish-speaking backgrounds. We have no information 
on the quality of the dinners that were eaten in front of 
the TV; however, other studies suggest children's food 
choices deteriorated with increased frequency of eating 
in front of the TV.41 Qualitative research is required to 
understand cultural differences in this practice which can 
then inform health promotion efforts to encourage meals 
to be eaten without the TV on or other screen devices 
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at a table. Consumption of fast food was twofold higher 
among children from low SES neighbourhoods and 
non-English-speaking cultural backgrounds, compared 
with their high SES and English-speaking peers. We did 
not collect information on the type of fast food eaten but 
a recent review showed that fast-food outlets are more 
concentrated in lower income neighbourhoods.42 Hence, 
efforts to reduce fast-food consumption need to consider 
town planning and regulations on the placement of fast-
food outlets in communities.

Australia recommends limiting screen  time among 
5-year-old children to  <2 hours/day,24 yet less than one 
in seven parents in this study knew this recommendation 
in 2015. Therefore, it is not surprising that one-third of 
children did not meet the recommendation on week-
days, increasing to four in five children on weekend days. 
Internationally, children’s adherence to the screen time 
recommendation is low,43 leading to debate on whether 
the 2-hour limit is relevant, or whether parents need assis-
tance to adhere to the recommendation. Fewer children 
had a TV in the bedroom in 2015 which may reduce exces-
sive exposure to unhealthy food advertising that targets 
children41; however, we were unable to ascertain if TVs 
were replaced with other screen devices. Ascertaining the 
use of LED screen devices at bedtime is important given 
the potential deleterious effects on children’s melatonin 
which is associated with harmful effects on children’s 
sleep and well-being.44

Ideally, children should accrue at least 60 min of 
moderate to vigorous physical activity daily,24 but in 2015 
less than one-third of parents knew the recommenda-
tion, and awareness was low among parents from non-En-
glish-speaking backgrounds. Active school transport is an 
opportunity to increase children’s daily physical activity; 
however, three in five children were driven to/from 
school and the prevalence of passive school transport 
was twofold higher among children from low SES neigh-
bourhoods than children from high SES neighbour-
hoods. We were unable to determine why children from 
low SES neighbourhoods were more likely to be driven 
to school; however, there is a range of factors which may 
influence young children’s active school travel, including 
distance, parent (and child’s) perception of heavy traffic, 
pedestrian infrastructure, connectivity and family time 
constraints.45 These factors may have greater influence 
on children’s active school transport in low SES neigh-
bourhoods; however, Australia is increasingly becoming 
a car-dependent country which may influence school 
commuting.46

Key strengths of our study include the large representa-
tive sample, high response rates and validated measures 
of weight-related behaviours, but there are limitations to 
consider. This study was a secondary analysis of two popu-
lation-based surveys. The sample sizes were not large 
enough to detect a smaller difference in the prevalence 
of overweight/obesity. For example, to detect 1% or 2% 
change that is of public health significance at a popula-
tion level would require a much larger sample size. Our 

sampling frames were representative of NSW children in 
terms of type of school, residence and SES, so the findings 
may not necessarily be generalisable to all Australian chil-
dren. Survey response rates are often considered an indi-
cator of survey quality, yet there is no scientific consensus 
on a minimal threshold. Response rates >60% are consid-
ered acceptable; however, the representativeness of the 
sample is potentially of more importance.47 At age 5 years, 
children cannot reliably respond to a questionnaire, so 
parents are viewed as an appropriate alternative. The 
accuracy of proxy reporting is not known, but parents are 
potentially more strongly affected by social desirability 
bias which may have influenced our findings particularly 
given the rise in information about child obesity and the 
increasing role of social media in shaping community 
perceptions and public discourse on obesity.48 Similarly, 
the potential for non-responder bias raises the issue of 
whether population surveillance surveys which benefit 
public health should have passive rather than active 
consent. The lack of international consensus regarding 
dietary cut points has led to considerable variation 
across studies and our cut points were based on dietary 
guidelines to represent a lower frequency or ‘limiting’ 
consumption of discretionary foods. Finally, it was not 
feasible to objectively measure physical activity and while 
the validated single-item question we used to assess chil-
dren’s physical activity is recommended for population 
surveys it prohibited contextual detail on type and dura-
tion of physical activities.

Conclusions
Our findings suggest there have been positive changes 
in the weight-related behaviours of children entering 
their first year of school following years of child obesity 
prevention investment. Establishing healthy behaviours 
in preschool-age children may offset the challenges of 
changing established unhealthy behaviours in older 
children and adolescents. It is not possible to attribute 
the findings to one intervention; rather the changes 
reflect the sum of the many obesity prevention activities. 
These 5-year-old children have had exposure to a range 
of obesity prevention programmes, including statewide 
interventions to up-skill the early childhood sector work-
force in the delivery of healthy eating and physical activity 
activities. We showed that greater investment is required 
among families living in low SES neighbourhoods and 
areas with high concentrations of families from non-En-
glish-speaking backgrounds to reduce health inequali-
ties in these children. Qualitative research will assist with 
determining the needs of families with less social and 
economic advantage which can then be adapted to the 
current intervention frameworks so that interventions 
are targeted and tailored to meet different subpopulation 
needs.
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