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This study examined effects of COVID-19 restrictions in early 2020 on movement

(physical activity, sedentary behavior and sleep) and healthy eating behaviors in families

with 0–12-year-old children in western Sydney, Australia. A total of 1,371 parents

completed an online survey about changes in children’s and families’ food intake and

movement behaviors. There was an increase in sedentary screen use by children

(4.18/5.00) and families (3.91/5.00) and a slight increase in reported physical activity

(3.56/5.00), amount of food consumed (3.58/5.00) and meals and snacks eaten

(3.69/5.00) during the height of the COVID-19 restrictions compared to before. There

was little change in reported sleep (3.17/5.00). Lower socioeconomic families were

disproportionately affected, with greater increases in unhealthy eating (t = 2.739, P

= 0.06), lower levels of improvement in physical activity, such as walking and cycling

(t = −7.521, P < 0.001) and outdoor activity (t = 5.415, p < 0.001), and higher

increases in family sedentary behavior (t = 2.313, P = 0.021). Therefore, even short

periods of restrictions can result in detrimental health behavior changes. Such changes

could become entrenched leading to increased risk of lifestyle diseases. Programmatic

and policy strategies should be geared toward promoting healthy movement behaviors,

focusing on families of lower socioeconomic status to ensure the pandemic does not

widen an existing gap.
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INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) pandemic has had a significant impact on
everyday life worldwide. Since the declaration of the global pandemic and the first national cases,
Australia has had a total of just over 200,000 confirmed cases and 1,968 deaths (from March 2000
through to November 2021) (1). Australia has been faring relatively well compared to the rest of
the world, with one of the lowest death rates (7.78 per 100 000 population) (2).
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In response to this pandemic, in March 2020, each state in
Australia implemented several approaches to reduce the health
and economic impact of COVID-19. In New South Wales
(NSW), schools and childcare services only remained open for
the children of essential workers (hospital staff, teachers, police
staff etc), workplaces implemented work-from-home strategies
and several restrictions were imposed on the community
as cases increased, such as number of visitors permitted in
households and outdoor areas, the closure of restaurants, cafes,
amusement parks, play centers, gyms, playgrounds, cinemas,
and the cancellation of team sports/children’s group activities.
The height of these restrictions in NSW in 2020 occurred
between March-May for a period of 62 days. However, unlike
other countries and states within Australia, during this period
of restrictions in NSW, there were no restrictions on the
amount of time people were permitted outside for exercise.
Studies conducted during the COVID-19 pandemic world-
wide have shown that children had decreased physical activity,
increased screen time and increased unhealthy eating and
snacks (3–8). It is anticipated that COVID-19 restrictions in
Australia during 2020 likely had a lesser impact on child
health behaviors than what has been observed globally given
the restrictions at this time for most Australian states except
Victoria, was for a short period compared to the rest of the
world. However, to date, there are limited data on the impact
of the Australian restrictions on the health behaviors of children
and families.

During the height of the 2020 COVID-19 restrictions,
more than three quarters of Australian households with
children kept their children home from school or childcare.
While there are currently limited data available on child
health behaviors in Australia during this time, over 20%
of adults reported eating more discretionary foods and
almost 60% indicated that they were spending more time
in front of screens (9). As many children were at home
during this period, it is likely that there were similar changes
in these behaviors among children. There were however
some positive changes seen over this time regarding fruit
and vegetable consumption and more cooking at home
(9). However, with an increasing number of adults losing
work, many households were likely under greater financial
pressure and struggling to provide healthy foods for
their families.

Understanding the association between COVID-19
restrictions and the health behaviors of children and families
is important in guiding decision-making among policymakers,
and in educating parents and health professionals. Even in
short periods of heightened restrictions, deterioration in healthy
lifestyle behaviors has the potential to be embedded into usual
family routines and have a long-term impact on dietary intake,
movement behaviors and weight status (3). The aim of this
study was to identify changes in child and family eating and
movement behaviors (including physical activity, sedentary
behavior and sleep) in families from western Sydney with
children 0–12-years of age during the height of the COVID-19
restrictions in 2020.

METHODS

Data Collection
This cross-sectional study was conducted in Western Sydney
Local Health District (WSLHD). Western Sydney is a region
of metropolitan Sydney (the largest city in Australia, and the
capital city of the state of NSW). In NSW, the health system is
divided up geographically into 15 Local Health Districts (LHDs),
WSLHD being one of the 15 regions. The WSLHD has a total
population of 946 000 people (12.5% of the NSW population),
with 196 259 in the 0–14 years age group (20.8%), a higher
proportion of children when compared to NSW overall (18.5%).
There are 172 186 households with children under the age of
15 in the WSLHD, representing 70.3% of all households in the
jurisdiction, also higher than the overall proportion of 61.8%
in NSW (10). A survey was distributed widely to parents in
this health jurisdiction via established networks of the WSLHD
health promotion team. Specifically, it was sent to 1,040 schools,
527 early childhood education and care services, a Western
Sydney LHD newsletter, and was posted on the Healthy Kids
Western Sydney website. As the survey was distributed through
these avenues, it was not possible to determine the number
of families that ultimately received the survey. The survey
sought to ascertain changes in dietary intake and movement
(physical activity, sedentary behavior and sleep) behaviors of
young children (0–12- years of age) and families during the
period of the height of the 2020 COVID-19 restrictions in
Sydney, Australia (during late March to mid-May) compared
to before these restrictions were imposed. The online survey
was distributed to parents via email in June 2020, following the
easing of restrictions in NSW. Parents were asked to answer
the child-related questions referring to the eldest child in the
household between the ages of 0–12 years. The survey took
approximately 15min to complete. To thank participants for
their time, they were offered the opportunity to go into a draw
to win a $100 gift card. The survey was conducted as part of a
quality assurance project (2008-03), approved by the Westmead
Scientific Advisory QA Committee and the Secretary of the
WSLHD Human Research Ethics Committee. The reporting of
this research aligns with the STROBE statement (11).

Measures
Movement behavior questions for the survey were derived from
a recent survey designed and conducted by partipACTION in
Canada on changes in movement behaviors during the COVID-
19 outbreak (3) which had been tested for reliability. Dietary
intake questions were based on a survey conducted during
the New Zealand COVID-19 lockdown in 2020, through the
Growing Up in New Zealand COVID-19 Wellbeing Survey (12).
Additional questions on food security were also included which
were developed specifically for this survey.

All survey questions are outlined in Table 1. Child movement
behavior questions enquired about changes in walking and
bike riding, physical activity, sport and play in their backyard,
park, local street and sporting field, household chores, screen
time, social media use, non-screen indoor activities, and sleep.
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TABLE 1 | Items from survey.

Question Response

Demographic questions

1. What is your postcode Numeric

2. How many children live in your home? Numeric

3. How many children aged 0–12 years live in your home? Numeric

4. Do you live in a… House, apartment/unit, villa/townhouse,

duplex, other

5. How many minutes does it take you to walk to your local park? Numeric (min)

Food security

6. Over the last 12 months, were there times that you ran out of food and couldn’t afford to buy more? Yes, no, don’t know, don’t wish to respond

7. Since the COVID19 outbreak, how has your ability to afford food changed? It has stayed the same, Less able to afford

food, more able to afford food, unsure, do not

wish to respond

School/pre-school/childcare attendance

8. Please list the ages of the children in your family Numeric

9. On average, how many days each week do your child/ren aged 0-12 years usually attend preschool, childcare

or school prior to the COVID-19 outbreak

Numeric

10. On average, how many days each week did your child/ren attend during the height of COVID-19 restrictions

(when parents were encouraged to keep their children home from school – from late March to mid-May)?

Numeric

Child eating behaviours

11. During the height of COVID-19 restrictions (late-March to mid-May 2020), thinking of your eldest child aged

0-12 years, did your child:

5-point Likert scale (from totally disagree to

totally agree)

a. Eat more food than before

b. Eat more meals and snacks during the day than before

c. Eat more fruit than before

d. Eat more vegetables than before

e. Eat more potato chips, chocolate, biscuits or cake than before

f. Drink more soft drink, cordial or juice than before

g. Drink more water than before

h. Eat a greater variety (different types) of food than before

Child movement behaviours

12. During the height of COVID-19 restrictions (late-March to mid-May), comparted to before the COVID-19

outbreak, did your eldest child (aged 0-12 years) do the following activities more or less

5-point Likert scale (from a lot less to a

lot more)

a. Walked around the neighbourhood?

b. Rode their bike or scooter around the neighbourhood?

c. Did physical activities, sport or played in their backyard or garden?

d. Did physical activities, sport or played on the local street?

e. Did physical activities, sport or played in the local park?

f. Did physical activities, sport or played in local playing field?

g. Did physical activities inside?

h. Did household chores (e.g. cleaning, gardening)?

i. Watched TV, movies, used the computer, tablets or smart phones for leisure?

j. Used social media?

k. Did other activities involving sitting down e.g. puzzles, reading, drawing and not in front of screens?

l. Slept?

Family movement behaviours

13. During the height of the COVID-19 restrictions (late-March to mid-May), compared to before the COVID-19

outbreak, on average, did your family spend less or more…

5-point Likert scale (from a lot less to a

lot more)

a. Time in physical activity?

b. Time in sedentary activities such as watching TV, using consoles and devices such as tablets and

smart phones?

(Continued)
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TABLE 1 | Continued

Question Response

Family eating behaviours

14. During the height of the COVID-19 restrictions (late-March to mid-May), compared to before the COVID-19

outbreak, on average, did your family eat…

5-point Likert scale (from a lot less to a

lot more)

a. Home cooked meals

b. Takeaway meals

c. Meals together at the dinner table

15. Are there any behaviours that your child/ren AND/OR family has done more OR less of during the COVID

period that you would like to maintain or continue?

Open text

Family movement behavior questions enquired about changes
in physical activity and sedentary behavior. Parents were asked
to respond to these questions on a 5-point Likert scale (1 =

a lot less to 5 = a lot more). Child dietary intake questions
enquired about increases in overall food intake, meals and snacks,
fruit, vegetables, discretionary foods and beverages, water, and
food variety. Parents were asked to respond to these questions
on a 5-point Likert scale (1 = totally disagree to 5 = totally
agree). Family eating practice questions enquired about home-
cooked meals, takeaway meals, and meals eaten together at the
dinner table. Parents were asked to respond to these questions
on a 5-point Likert scale (1 = a lot less to 5 = a lot more).
Regarding food security, parents were asked if there were times
in the last 12 months that they ran out of food (yes/no/do not
wish to respond), and if this had changed since the COVID-
19 outbreak (stayed the same/less able to afford food/more able
to afford food/unsure/do not wish to respond). Additionally, an
open response question asked parents if there were any behaviors
that their child/ren and/or family had donemore or less of during
the COVID restriction period that they would like to maintain or
continue. Parents and carers were asked to provide information
on demographic characteristics including postcode (Australian
equivalent to zip code), number of adults and children aged 0–12
in the home, type of dwelling, proximity to a local park, number
of days children attended preschool, childcare or school prior to
and during the height of the COVID-19 restrictions. Postcode
was used as a proxy for socioeconomic status (SES), based on the
Australian Bureau of Statistics’ Socioeconomic Indexes for Areas.

Statistical Analysis
Means and standard deviations, and percentages were calculated
for variables. For the purposes of statistical analyses, some
variables were combined into a score. Eat more food, and eat
more snacks were combined, producing an “eat more” score out
of 5. Eat more fruit, and eat more vegetables were combined to
create a “eat healthier foods” score out of 5. Eat more potato
chips, chocolate biscuits and cake, and drink more soft drink,
cordial or juice were combined to create a “eat unhealthier
foods” score out of 5. Walking and bike riding were combined
to create a “walking and bike riding” score out of 5, and
physical activity, sport or play in: the backyard/garden, local
street, local park, and local playing field, were combined to
create a “physical activity” score out of 5. Independent t-tests

were used to determine differences in movement and eating
behavior variables between age group categories (<5 years and 5–
12 years). Independent t-tests were also conducted to determine
differences in movement and eating behavior variables based
on SEIFA (measure of socioeconomic status determined by
residential postcode) deciles of 1–5 (least disadvantaged), and
6–10 (most disadvantaged). ANOVA tests were conducted to
determine differences in movement behaviors between type of
dwelling that the child resided in (house; apartment/unit; or
villa/townhouse/duplex/other). Spearman correlation analyses
were conducted to determine associations between changes in
movement and eating behaviors. Chi square tests were used to
determine differences between lower and higher income groups
in regard to food security issues both before and during the
COVID-19 restrictions. All statistical analyses were conducted in
SPSS v 25 (SPSS In, Chicago IL, USA).

Qualitative Analysis
Two researchers reviewed the responses to the one open-ended
question of the survey that asked about any behaviors that
children/family had done more or less of that they would like to
maintain. Both researchers first read all responses independently
before beginning to code. The first 100 responses were then
independently coded by each researcher and compared in order
to establish inter-coder reliability and consistency. An 87%
consistency was achieved; discrepancies were due to differences
in code labels (e.g., spending time with family vs. family time)
rather than a misclassification by assessors. The responses
were then grouped into themes, which were categorized as
participating in behaviors “more” or “less”. Initial themes were
reviewed and edited (for example renamed or collapsed) until
each theme described a unique aspect of the data.

RESULTS

Demographic Characteristics
Survey responses were received from 1,371 parents.
Demographic data from this sample are displayed in Table 2. The
mean age of the eldest child was 6.75 (SD 3.22), the mean number
of adults per household was 2.27 (SD 0.79) and the mean number
of children was 1.91 (SD 0.81). The majority of participants lived
in houses (71.5%), compared to approximately 65% of people in
WSLHD (10). There was a broad range of socioeconomic profiles,
based on postcode of residence, a relatively high proportion
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TABLE 2 | Demographics of participants (n = 1,371).

Variable

Age of eldest child, M(SD) 6.75 (3.22)

Number of adults in household, M(SD) 2.27 (0.79)

Number of children in household, M(SD) 1.91 (0.81)

Type of residence n (%)

House 968 (71.5%)

Apartment or unit 162 (12.0%)

Villa, townhouse, duplex or other 224 (16.5%)

SEIFA Decile n (%)

1–5 340 (24.8%)

6–10 1,031 (75.2%)

Proximity to local park (minutes), M(SD) 7.5 (3.22)

Food security–ran out of food in last 12 months, n (%)

Yes 102 (7.4%)

No 1,135 (82.8%)

Food security since COVID-19, n (%)

Less able to afford food 254 (18.5%)

Stayed the same 914 (66.7%)

More able to afford food 52 (3.8%)

Number of days per week in child care or school for eldest

child prior to COVID-19 restrictions M(SD)

4.08 (1.58)

Number of days per week in child care or school for eldest

child during height of COVID-19 restrictions M(SD)

0.94 (1.72)

(75%) of families in most advantaged socioeconomic SEIFA
deciles (6–10).

Changes in Eating and Movement
Behaviors
Figure 1 displays the parent-reported changes in child and
family eating and movement behaviors. Some physical activities
remained relatively stable throughout the height of COVID-19
restrictions compared to before, but others, such as physical
activity, sport or play in the backyard/garden (3.56/5.00), inside
physical activity (3.51/5.00), household chores (3.48/5.00), and
other indoor activities (3.80/5.00) increased slightly. There
appeared to be a very small increase in sleep (3.17/5.00), but a
notable increase in sedentary screen use (4.18/5.00). In regard
to eating behaviors, there were small increases in amount of
food consumed (3.58/5.00) and the amount of meals and snacks
eaten (3.69/5.00). On a positive note, there was a slight increase
in the variety of foods eaten (3.47/5.00). When considering
scores which combined several questions, there appeared to be
very little change to outdoor physical activity overall (2.65/5.00),
but a small increase in walking and bike riding (3.18/5.00).
Scores also indicated that children were eating more (3.63/5.00),
which included an increase in healthy (3.34/5.00) and unhealthy
(3.07/5.00) foods. Similar to child behavior, family time spent in
sedentary screen time increased (3.91/5.00), and family physical
activity increased slightly (3.20/5.00). There was an increase in
home cooked meals (4.16/5.00) and eating meals together at

the dinner table (3.75/5.00), and a decrease in takeaway meals
consumed (2.16/5.00).

Differences in Changes by Age Group
Changes by age group are displayed in Table 3. There was a
significant difference between younger and older age groups
in regard to several child and family behaviors. There were
significantly greater reported child behavior increases in walking
and bike riding (t = −2.041, p = 0.041), household chores (t
= −4.331, p < 0.001), screen time (t = −6.015, p < 0.001),
social media (t=−5.506, p < 0.001), other indoor activities (t=
−2.491, p < 0.001) and sleep (t=−3.719, p < 0.001) in the 5–12
years age group compared to the <5 years age group. Whereas,
there was significantly more indoor activity in the <5 years age
group compared to the older age group (t = 2.582, p = 0.010).
Children in the 5–12 years age group also had higher levels of
increased food consumption (t = −8056, p = 0.000), including
both healthy (t = 4.034, p = 0.000) and unhealthy (−3.669, p =

0.000) foods compared to the younger age group. There were also
significantly greater changes in the 5–12 years group compared
to the <5 years group in regard to the following reported family
behaviors: sedentary time (t = −4.289, p = 0.000), home cooked
meals (t = −2.660, p = 0.008) and meals eaten at the dinner
table (t = −3.719, p = 0.000) while increases in takeaway food
consumption were significantly more in the <5 years age group
compared to the 5–12 year old age group (t= 3.071, p= 0.002).

Differences in Changes by Socioeconomic
Status
In regard to differences in eating and movement behaviors
according to socioeconomic status, there was a significant
difference between families in lower and higher socioeconomic
areas in regard to reported child unhealthy eating, with children
in higher socioeconomic areas having lower unhealthy eating
scores (t = 2.739, p = 0.006). There were also significant
differences between socioeconomic status and walking/bike
riding (t = −7.521, p < 0.001), and outdoor activity score (t
= –5.415, p < 0.001), with children from higher socioeconomic
areas having higher levels of reported improvement. There was
also a significant difference between groups in relation to family
sedentary time, with households in lower socioeconomic areas
spending more time sedentary (t= 2.313, p= 0.021). Families in
lower socioeconomic areas also had more meals together at the
table compared to families from higher socioeconomic areas (t
= 2.538, p = 0.011), while children from higher socioeconomic
areas did more household chores than children from lower
socioeconomic areas (t=−4.727, p < 0.001).

Differences in Movement Behaviors by
Type of Dwelling
In regard to differences in movement behaviors according to
type of dwelling, there was a significant difference between
living in a house compared to both an apartment/unit and
townhouse/villa/duplex/other in regard to walking and bike
riding [F (2, 1306) = 37.965, p < 0.001], and outdoor activity
score [F (2, 1304) = 27.380, p = 0.000], with children
residing in a house participating in more of these activities
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FIGURE 1 | Parent-reported changes in child and family eating and movement behaviors (attached file). Child and family movement behaviors and family eating

behaviors: A lot less = 1, a lot more = 5. Child eating behaviors: Totally disagree = 1, totally agree = 5.

than those residing in other dwellings. There was a significant
difference between living in a house and an apartment/ unit or
townhouse/villa/duplex/other in regard to household chores [F
(2, 1308)= 5.426, p= 0.005], with children in houses performing
more. There was a significant difference between families living
in houses and apartments/units in regard to family time spent in
physical activity [F (2, 1309) = 7.444, p = 0.001]. There was also
a significant difference between dwelling type in regard to change
in child social media use [F (2, 1305) = 4.378, p = 0.013], with
children residing in a house using social media more than those
living in an apartment/unit. There was no significant difference
between dwelling type in regard sleep, screen time use, or other
quiet indoor activities.

Changes Parents Would Like to Maintain
Of the 1,371 parents who completed the survey 1,363 parents
responded to the open-ended question on the behaviors that they
would like to maintain “more or less” of after lockdown. The
majority of behaviors that parents reported were in regard to
behaviors that their child or family were doing more of during
lockdown that they would like to see continue (n = 855, 63%),

with a smaller proportion of (n = 69 parents, 5%) reporting that
they wanted to continue doing less of the behaviors that they
had reduced during lockdown, 26 parents (2%) reporting there
was no change in their behaviors during lockdown, 16 parents
(1%) reporting both “more and less” behaviors at the same time
and 393 responses (29%) were unrelated to the question. There
was an overwhelming response of parents wanting to continue
having “family time” (n = 420), frequently using those exact
words. The second most popular behavior people wanted to
continue (n = 390) was physical activity, the most popular
being: walking and bike riding, followed by bushwalking. Parents
commonly reported these two themes together such as “going
for family walks” or “bike riding with the family” or “exploring
the outdoors/bushwalking with the family.” The other two
behaviors that were mentioned frequently were “home cooking”
and “eating family meals together” (n = 153) and doing hobbies
(n = 135), including puzzles, board games, reading, gardening,
and craft. Parents also reported that they enjoyed having time
to relax and not rushing around (n = 55). They reported that
they liked having healthy hygiene habits (washing hands etc) (n
= 43) and they reported enjoying having more communication
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TABLE 3 | Changes in child and family eating and movement behaviors stratified by age group.

Variable <5 years

(n = 374)

5–12 years

(n = 943)

All

(n = 1,317)

Mean difference

(95% CI)

t p-Value

Change in child eating and movement behaviors

Walking and bike riding 3.04 (1.415) 3.23 (1.460) 3.17 (1.450) −0.179 (−0.350– −0.007) −2.041 0.041

Household chores 3.31 (0.892) 3.55 (0.974) 3.48 (0.947) −0.239 (−0.348– −0.131) −4.331 <0.001

Sedentary screen time (TV etc) 3.94 (0.964) 4.27 (0.897) 4.18 (0.929) −0.333 (−0.441– −0.224) −6.015 <0.001

Social media 2.89 (0.909) 3.22 (1.166) 3.12 (1.108) −0.326 (−0.446– −0.212) −5.506 <0.001

Other indoor activities 3.69 (1.032) 3.85 (1.030) 3.80 (1.033) −0.155 (−0.277– −0.33) −2.491 0.013

Sleep 3.04 (0.759) 3.22 (0.909) 3.17 (0.872) −0.181 (−0.276– −0.085) −3.719 <0.001

Outdoor activities score 2.63 (1.015) 2.66 (1.074) 2.65 (1.057) −0.030 (−0.152– 0.927) −0.464 0.643

Eat more score 3.33 (0.806) 3.75 (0.944) 3.63 (0.926) −0.417 (−0.518– −0.315) −8.056 <0.001

Healthy eating score 3.22 (0.619) 3.38 (0.684) 3.34 (0.670) −0.158 (−0.234– −0.081) −4.034 <0.001

Unhealthy eating score 2.93 (0.868) 3.13 (0.911) 3.07 (0.903) −0.197 (−0.303– −0.092) −3.669 <0.001

Change in family eating and movement behaviors

Time in physical activity 3.10 (1.350) 3.24 (1.365) 3.20 (1.362) −0.141 (−0.301– 0.020) −1.714 0.087

Time in sedentary behavior 3.73 (1.019) 3.99 (0.942) 3.91 (0.971) −0.258 (−0.377– −0.140) −4.289 <0.001

Home cooked meals 4.05 (1.016) 4.20 (0.946) 4.16 (0.969) −0.155 (−0.269– −0.041) −2.660 0.008

Takeaway foods 2.32 (1.208) 2.10 (1.197) 2.16 (1.204) 0.223 (0.080– 0.365) 3.071 0.002

Meals at dinner table 3.60 (0.948) 3.81 (0.987) 3.75 (0.980) −0.215 (−0.329– −0.102) −3.719 <0.001

Bold denotes that the p values are <0.05.

in their family or the family operating more harmoniously with
less sibling arguments, more time to talk and more time to play
together and get along (n = 39). The main behaviors parents
reported wanting less of after lockdown were less screen time (n
= 27) and less family stress/mental health issues (n= 22). Parents
were also looking forward to less issues related to boredom and
misbehavior (n= 16).

Food Security
With reference to the last 12 months, 102 (7.4%) participants
reported running out of food. In relation to the period of
the height of COVID-19 restrictions in 2020, 914 (66.7%) of
respondents reported that their food security stayed the same,
whereas 254 respondents (18.5%) stated that they were less able
to afford food and 52 respondents (3.8%) stated that they were
more able to afford food. Food affordability differed significantly
by socioeconomic status, with those from lower socioeconomic
areas being more likely to have run out of food in the last
12 months (chi square 26.827, df1, p < 0.001), and also being
more likely to experience increased food security issues during
the height of COVID-19 restrictions (chi square 29.318, df 2, p
< 0.001).

DISCUSSION

The aim of this study was to determine changes in eating
and movement behaviors in children and families from western
Sydney in households with children 0-12-years-of-age during the
height of the COVID-19 restrictions in 2020. To our knowledge,
this study is the first to examine the early effects of the COVID-
19 pandemic on both eating and movement behaviors among
Australian children and families. Data were collected during the

month of June 2020, subsequent to the first Sydney lockdown to
prevent the spread of the SARS COV2 virus. The study will assist
in determining the extent of health behavior changes on families
resulting fromCOVID-19 restrictions and guide decisionmaking
in regard to initiatives required to address detrimental changes to
reduce the risk of long-term health consequences.

Overall, despite the short-term (62 day) period of the first
lockdown in Sydney, Australia, the impact of these restrictions
appears similar to many of the global changes seen in child and
family health behaviors due to lockdowns. The largest impact in
this study was noted in relation to family sedentary behaviors,
child screen time and social media use. Changes were also seen
in relation to eating behaviors, with an increase in meals, snacks
and unhealthy foods eaten. There were also some positive food-
related changes in that there were more home cooked meals and
families were eating more meals together. There was also an
increase in consumption of healthy foods. There were changes
seen in activity, with small increases overall, but less outdoor
activity (with the exception of backyard activity) and more
indoor activity.

The increases seen in sedentary behavior, and screen time
are not surprising with many parents working from home and
children learning remotely. A Canadian study of 1,472 families
by Moore et al. (3), which we based our movement questions on,
found similar increases in family sedentary time in families with
children 5–11-years-of-age (3.78/5.00 compared to 3.91/5.00 in
the current study) and child sedentary screen use (4.10/5.00
compared to 4.18/5.00 in the current study). A study by Carroll
et al. (4) who investigated changes in child behaviors in 254
Canadian families with children aged 18 months to 5-years-
of-age also found changes in screen time, which were related
to an increase in online learning. Dunton et al. (5) study for
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211 parents of 5–13-year-old children in the US also found
increases in sedentary behavior, however most sedentary time
was found spent watching television videos or movies. With
the increase in screen use for work and learning purposes, this
possibly spilled over intomore recreational screen time and social
media use. It should be noted that not necessarily all this screen
time use would be negative, some was essential for educational
purposes, and some may have helped in maintaining contact
with loved ones. Although there are negative consequences of
screen time and social media use (13), for children at this time,
it may have assisted in staying connected with friends and
family and made a positive contribution to mental wellbeing.
However, potential negative consequences should be carefully
considered, particularly in the context of long lockdown periods,
where prolonged increased screen usage could have a detrimental
impact on general health as well as mental wellbeing (14).

Like previous similar studies (4, 6), this study noted a reported
increase in eating meals and snacks during the COVID-19
restriction period. Increased food intake during this time could
be due to several factors. Spending considerably more time at
home indoors and out of regular routines may result in boredom
which can lead to increased eating (15). Stress can also be a factor
in increased food consumption (16). Thismay be a result of direct
stress of the lockdown on children, not being able to see friends
or family, attend school, and difficultymanaging remote learning.
Anxiety and stress for parents caused by financial pressure,
job instability, increased work hours and juggling competing
demands could also result in parents overeating and have an
indirect on children’s food consumption through role modeling.
It has been reported that the mental health of 48% of adults
and 36% of children in Australia has been affected by COVID-
19 (7), so the potential for related overeating is considerable.
Increased time on screens and social mediamay also be a factor in
increased food consumption. There is an established relationship
between screen time and obesity in children, which is thought
to be primarily mediated by food consumption while watching
screens and exposure to unhealthy food advertising (17). An
Australian study reviewed social media posts of 42 leading food
and beverage brands (including fast food, discretionary foods
and food delivery services) over 4 months, coinciding with the
lockdown period of the current study. It found that almost 80%
of these brands capitalized on COVID-19 in their marketing
messages, and often these messages related to corporate social
responsibility, a strategy which has been demonstrated to
increase sales (18). Increases in screen use during this time
could therefore have a detrimental impact not only on food
intake in the immediate term but also an effect on child
weight trajectories.

There appeared to be positive changes in regard to more
home cooked meals which was also found by Carroll et al. (4),
and in a New Zealand study of adults by Gerritsen et al. (19),
half of whom had children under 18 years. Carroll et al. (4)
reported that parents expressed interest in involving children
in food preparation, and that they would like resources to
assist them with this, a strategy which may be useful in
future interventions, particularly considering involvement of
children in meal planning and preparation has been shown to

be predictive of healthier eating (20). While home cooking is
generally healthier than takeaway alternatives (21), it should be
noted that we did not explore the type of foods being prepared at
home. In Gerritsen et al. (19) study, increases in home cooking
during lockdown did not necessarily translate to healthier food
intake, particularly for households with children. Like Carroll
et al. (4), the current study found an increase in the family meals
eaten together, possibly due to many parents and children being
home together at lunchtime, and many parents being home at
dinnertime who may otherwise have long commuting times.

While there was less of an impact on physical activity overall,
outdoor activity (other than backyard activity) remained similar,
while indoor activity increased. There was a slight increase in
walking and bike riding, but less activity in the street and at
parks and fields. These findings were similar to Moore et al. (3),
though there seemed to be a little more participation in overall
child activity in the current study (3.25/5.00) compared to Moore
et al. (3) (3.00/5.00), child walking and bike riding (3.18/5.00)
compared to Moore et al. (3.00/5.00), and family physical activity
(3.20/5.00) compared to Moore et al. (3) (2.72/5.00). These slight
differences may be due to differences in the built environments,
weather conditions and other differing factors between Australia
and Canada. Other studies have reported reductions in child
physical activity during lockdowns (4, 5). During the lockdown
period in Sydney, there was a reduced variety of opportunities to
be active with playgrounds and skateparks closed, and reduction
in incidental activities, such as active commuting to school.
With the closure of schools (and therefore access to physical
education classes and school sport), community sport and other
activities, the activity that children undertook during this period
was less structured in nature, and it is likely that it was less
intensive than activities they participated in prior to lockdown
(22). So, although in the current study activity may not have
declined overall, it is likely that the activities being undertaken
were of lower intensity, which may impact on children’s ability
to meet the energetic play and moderate to vigorous intensity
aspects of the 24-h movement guidelines (23, 24). Parents in the
current study reported that their children slept a little more than
before, consistent with some studies (3, 8), while other studies
have reported sleep was unchanged (4). With children learning
from home, it is probable that this increased sleep resulted from
children not having to get up as early to leave for school or
other activities.

The changes in health behaviors reported in this study have
the potential to have a detrimental effect on child weight status. A
study in the USA has predicted that based on the impact of school
closures for 6 months, child BMI could increase by 0.198 and
childhood obesity could increase by 2.373 percentage points. This
is solely based on reduction in activity from children not being
able to attend school physical education classes and does not
factor in any dietary intake changes (25). At the time of writing
in 2021, NSW has experienced a recent outbreak resulting in a
further lockdown period. Schools closed from June until October
2021. In addition to the initial 4-week closure in 2020, this would
amount to a total period of 5 months. While predictions made
by An et al. (25) are based on USA data, it is possible that these
changes would be similar for children in NSW, and potentially
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much worse in the state of Victoria, where schools have been
closed intermittently for a total of over 8 months during 2020
and 2021.

This study found that children from lower socioeconomic
areas reported less physical activity and ate less healthily than
those from higher socioeconomic areas during the COVID-19
restrictions. Further, children from lower socioeconomic areas
reported an increase in sedentary behavior compared to those
from higher socioeconomic areas. It is well-recognized that
health inequity is impacted by social determinants such as
access to health care, education, employment opportunities,
adequate income and affordable housing (26). Overweight
and obesity rates in NSW are higher in children from
lower socioeconomic backgrounds than children from higher
socioeconomic backgrounds. Cardiorespiratory fitness rates
have also been reported to be lower in children from
lower socioeconomic backgrounds (27). Furthermore, in lower
socioeconomic areas, there are generally less safe places to
exercise, and less access to greenspaces, making it more
challenging for people to be active (22). Cost associated with
sporting activities may also contribute to this lower level
of fitness. Targeted policies and programmatic strategies are
therefore required to ensure the gap between lower and higher
socioeconomic families is not exacerbated and widened as a
consequence of the pandemic.

Children living in a house increased their overall outdoor
activity significantly more than children living in other types
of housing. This was also the case in regard to walking and
bike riding specifically. Likewise, Moore et al. (3) also found
that children that lived in detached houses did more outdoor
physical activity and spent more time walking and bike riding.
Similarly, Mitra et al. (6) found that residing in a house was
correlated with increased outdoor activities. Previous research
has demonstrated that children are more active when they are
outside than inside (28). Access to more outdoor space for
those that live in houses compared to other housing types
may account for some of the differences seen in the current
study. This finding reinforces the need for judicious urban
planning in areas with high-density housing to ensure that there
is nearby access to facilities such as greenspaces and walking
and cycling tracks to enable families that do not have access to
ample outdoor spaces on their property to be active (29). This
disparity in outdoor activity may also have been exacerbated
by the closure of playgrounds and skateparks at the height
of restrictions.

While most parents reported that their children’s sedentary
behavior increased, older children (5–12-years-of-age) were
significantly more affected. Although sedentary behavior
increases as children get older (30), the COVID-19 pandemic
may be accelerating these changes. Greater increases in sedentary
behavior during lockdown in children aged 9–13-years compared
to younger children were also noted by Dunton et al. (5) in the
USA. Patterns observed in parents’ perceptions of changes in
children’s sedentary behavior further underscore the heightened
risk of the pandemic on older children. It is concerning that
older children may adopt new behavioral habits of physical
inactivity during the pandemic that are extremely difficult to

change. The development of healthy habits in childhood needs
to be a high priority with particular attention paid to screen
time. Previous and current health promotion programs to
date focus on educating parents on screen time guidelines, but
perhaps like similar public health behaviors (physical activity
and healthy eating) broader environmental strategies need to
be considered to help regulate screens outside the home, such
as in early childhood settings and primary schools and a higher
priority in general is given to movement behaviors in schools
and childcare settings.

A report by an Australian food charity in 2021 reported that
28% of Australians were food insecure over the past 12 months,
and 38% of those who are food insecure had not experienced
food insecurity prior to the COVID-19 pandemic (31). While
this proportion is much higher than the 7% that reported that
they had run out of food in the last 12 months in the current
study, 18.5% reported that they were less able to afford food
during the height of the restrictions. It should also be noted that
the sample was a higher socioeconomic demographic compared
to the general western Sydney population, with 75% of the
study sample living in the most advantaged postcodes (6–10
top deciles). It is therefore possible that the actual percentage
could be larger across the western Sydney population. With the
continued lockdown periods that have occurred since our study
was conducted, it is also likely that the situation has further
deteriorated since.

Prior to COVID-19, in New South Wales, many children
were not meeting guidelines for healthy eating and physical
activity (32). The negative impact of COVID-19 restrictions is of
public health concern as there is the potential for exacerbation
of existing unhealthy behaviors in children and families and
danger that these habits could become permanently entrenched,
increasing the risk of obesity, diabetes and cardiovascular disease
in later life. While there has been a plateauing of childhood
overweight and obesity rates in NSW in recent years (albeit
at high rates of around 23% of 5–16-year-olds in 2019) (33),
behavior changes seen during the COVID-19 lockdown could
threaten this progress and childhood obesity rates could again
begin to increase. Currently, there are no Australian data
available on child post-COVID weight status. It is important
that overweight and obesity rates are monitored closely during
COVID recovery to determine if rates begin to increase. During
lockdown, public health messaging has concentrated on infection
control and social distancing, with little focus on healthy eating
and physical activity and sedentary behavior. It is critical that
COVID-19 communications are balanced with health promotion
messaging. Programmatic and policy strategies geared toward
reducing sedentary behavior, increasing moderate-vigorous
intensity physical activity and improving eating behaviors are
essential as Australia navigates its way through and beyond
the pandemic. Upstream approaches are also essential to
ensure that environmental factors influencing such behaviors
are addressed. The World Health Organization recommended
in their Report of the Commission on Ending Childhood
Obesity in 2016 that several initiatives be implemented, including
regulating unhealthy food marketing, improving food labeling,
taxation of sugar sweetened beverages and creating supportive
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environments in settings where children gather (34). These
recommendations have become even more pertinent in the post-
COVID recovery period.

Study Limitations and Strengths
One of the strengths of this study was the large sample size of
families from western Sydney. Our study had some limitations.
Data were self-reported, so there may be a degree of social
desirability bias in the responses. The questions also relied on
participants recalling what happened prior to and during the
lockdown. Participants were not necessarily representative of the
western Sydney population as a whole. It may have been that
those who completed the survey were more interested in their
child’s lifestyle behaviors than those that chose not to participate.

CONCLUSION

This study provides insights into child and family lifestyle
changes during the COVID-19 pandemic in western Sydney,
NSW, Australia. Even with the lower level and shorter time-
period of restrictions in NSW, Australia in 2020 compared to
the rest of the world, there appeared to be notable parent-
reported impacts on child and sedentary behaviors and eating
behaviors, and child outdoor physical activity. Some of these
impacts were more substantial in older children and families
residing in areas of higher socioeconomic disadvantage. These
disparities highlight the need to enact policies and programs
to support families in developing healthy lifestyle habits during
COVID recovery.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because the datasets presented in this article are not readily
available because participants have not provided consent for

future use of data. Requests to access the datasets should be
directed to JM, Janelle.McNicholas@health.nsw.gov.au.

ETHICS STATEMENT

This study involving human participants was reviewed and
approved by Western Sydney Local Health District Human
Research Ethics Committee. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

JM: research concept and design, preparing research
proposal, conducting qualitative data analysis, and writing
the manuscript. MH: research concept and design, preparing
research proposal, conducting quantitative and qualitative
data analysis, and writing the manuscript. SH and SM:
preparing research proposal, dissemination of survey, data
cleaning, some data analysis, and reviewing and editing of
manuscript. JP: preparing research proposal, dissemination
of survey, and reviewing and editing of manuscript.
All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The authors would like to acknowledge Marijka Batterham for
her support providing statistical advice. We would also like
to thank Monika Latanik and the Bilingual Educators from
Multicultural Health WSLHD, the Early Childhood Education
and Care Services involved inMunch&Move inWSLHD and our
Primary Schools involved in Live Life Well @ School in WSLHD
for helping to disseminate the survey to our WSLHD families.
Furthermore, for all the participants involved in the survey.

REFERENCES

1. World Health Organization. WHO COVID-19 Homepage. Geneva,

Switzerland: World Health Organization (2021). Available online at: https://

covid19.who.int/region/wpro/country/au (accessed December 16, 2021).

2. Johns Hopkins University. Coronavirus Resource Center: Johns Hopkins

University (2021). Available online at: https://coronavirus.jhu.edu/data/

mortality (accessed December 16, 2021).

3. Moore SA, Faulkner G, Rhodes RE, Brussoni M, Chulak-Bozzer T, Ferguson

LJ, et al. Impact of the COVID-19 virus outbreak on movement and play

behaviours of Canadian children and youth: a national survey. Int J Behav

Nutr Phys Act. (2020) 17:85. doi: 10.1186/s12966-020-00987-8

4. Carroll N, Sadowski A, Laila A, Hruska V, Nixon M, Ma DWL, et al. The

impact of COVID-19 on health behavior, stress, financial and food security

among middle to high income Canadian families with young children.

Nutrients. (2020) 12:2352. doi: 10.3390/nu12082352

5. Dunton GF, Do B, Wang SD. Early effects of the COVID-19 pandemic on

physical activity and sedentary behavior in children living in the U. S. BMC

Public Health. (2020) 20:1351. doi: 10.1186/s12889-020-09429-3

6. Mitra R, Moore SA, Gillespie M, Faulkner G, Vanderloo LM, Chulak-Bozzer

T, et al. Healthy movement behaviours in children and youth during the

COVID-19 pandemic: exploring the role of the neighbourhood environment.

Health Place. (2020) 65:102418. doi: 10.1016/j.healthplace.2020.102418

7. Rhodes A. RCH National Child Health Poll - COVID-19 Pandemic: Effects

on the Lives of Australian Children and Families. Melbourne, VIC: Royal

Children’s Hospital Melbourne (2020).

8. Pietrobelli A, Pecoraro L, Ferruzzi A, Heo M, Faith M, Zoller T, et al.

Effects of COVID-19 lockdown on lifestyle behaviors in children with

obesity living in verona, italy: a longitudinal study. Obesity. (2020) 28:1382–

5. doi: 10.1002/oby.22861

9. Australian Bureau of Statistics. Household Impacts of COVID-19 Survey.

Canberra, ACT: Australian Bureau of Statistics (2020).

10. Australian Bureau of Statistics. 2016 Census Quickstats. (2016). Available

online at: https://quickstats.censusdata.abs.gov.au/census_services/

getproduct/census/2016/quickstat/116?opendocument (accessed December

16, 2021).

11. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke

JP. The strengthening the reporting of observational studies in epidemiology

(STROBE) statement: guidelines for reporting observational studies. J Clin

Epidemiol. (2008) 61:344–9. doi: 10.1016/j.jclinepi.2007.11.008

12. Walker N, Dubey N, Bergquist M, Janicot S, Swinburn B, Napier C, et al. Life

During Lockdown: Findings From the GUiNZ COVID-19 Wellbeing Survey -

Frontiers in Public Health | www.frontiersin.org 10 May 2022 | Volume 10 | Article 841178

https://covid19.who.int/region/wpro/country/au
https://covid19.who.int/region/wpro/country/au
https://coronavirus.jhu.edu/data/mortality
https://coronavirus.jhu.edu/data/mortality
https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.3390/nu12082352
https://doi.org/10.1186/s12889-020-09429-3
https://doi.org/10.1016/j.healthplace.2020.102418
https://doi.org/10.1002/oby.22861
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/116?opendocument
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/116?opendocument
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


McNicholas et al. Lifestyle Behaviors During COVID-19 Restrictions

Part 1: Health and Wellbeing. New Zealand: Ministry of Social Development

(2021).

13. Stiglic N, Viner RM. Effects of screentime on the health and well-being of

children and adolescents: a systematic review of reviews. BMJ Open. (2019)

9:e023191. doi: 10.1136/bmjopen-2018-023191

14. Pandya A, Lodha P. Social connectedness, excessive screen time during covid-

19 and mental health: a review of current evidence. Front Hum Dyn. (2021)

3. doi: 10.3389/fhumd.2021.684137

15. Moynihan AB, Tilburg WA, Igou ER, Wisman A, Donnelly AE, Mulcaire JB.

Eaten up by boredom: consuming food to escape awareness of the bored self.

Front Psychol. (2015) 6:369. doi: 10.3389/fpsyg.2015.00369

16. Pool E, Delplanque S, Coppin G, Sander D. Is comfort food really comforting?

Mechanisms underlying stress-induced eating. Food Res Int. (2015) 76:207–

15. doi: 10.1016/j.foodres.2014.12.034

17. Robinson TN, Banda JA, Hale L, Lu AS, Fleming-Milici F, Calvert SL, et al.

Screen media exposure and obesity in children and adolescents. Pediatrics.

(2017) 140:S97–101. doi: 10.1542/peds.2016-1758K

18. Martino F, Brooks R, Browne J, Carah N, Zorbas C, Corben K, et al. The

nature and extent of online marketing by big food and big alcohol during the

COVID-19 Pandemic in Australia: content analysis study. JMIR Public Health

Surveill. (2021) 7:e25202. doi: 10.2196/25202

19. Gerritsen S, Egli V, Roy R, Haszard J, Backer CD, Teunissen L, et al. Seven

weeks of home-cooked meals: changes to New Zealanders’ grocery shopping,

cooking and eating during the COVID-19 lockdown. J R Soc N Z. (2021)

51:S4–22. doi: 10.1080/03036758.2020.1841010

20. Metcalfe JJ, Fiese BH. Family food involvement is related to healthier

dietary intake in preschool-aged children. Appetite. (2018) 126:195–

200. doi: 10.1016/j.appet.2018.03.021

21. Wolfson JA, Bleich SN. Is cooking at home associated with better diet

quality or weight-loss intention? Public Health Nutr. (2015) 18:1397–

406. doi: 10.1017/S1368980014001943

22. Guan H, Okely AD, Aguilar-Farias N, Del Pozo Cruz B, Draper CE,

El Hamdouchi A, et al. Promoting healthy movement behaviours among

children during the COVID-19 pandemic. Lancet Child Adolesc Health. (2020)

4:416–8. doi: 10.1016/S2352-4642(20)30131-0

23. Australian Government Department of Health. Australian 24-Hour

Movement Guidelines for the Early Years (birth to 5 years): An Integration of

Physical Activity, Sedentary Behaviour, and Sleep. Canberra, ACT: Australian

Government Department of Health (2017).

24. Australian Government Department of Health. Australian 24-Hour

Movement Guidelines for Children and Young People (5 to 17 years): An

Integration of Physical Activity, Sedentary Behaviour, and Sleep. Canberra,

ACT: Australian Government Department of Health (2019).

25. An R. Projecting the impact of the coronavirus disease-2019 pandemic on

childhood obesity in the United States: a microsimulation model. J Sport

Health Sci. (2020) 9:302–12. doi: 10.1016/j.jshs.2020.05.006

26. CSDH. Closing the Gap in a Generation: Health Equity Through Action on

the Social Determinants of Health. Final Report of the Commission on Social

Determinants of Health. Geneva: World Health Organization (2008).

27. Hardy LL, Mihrshahi S, Drayton BA, Bauman A. NSW Schools Physical

Activity and Nutrition Survey (SPANS) 2015: Full Report. Sydney, NSW: NSW

Department of Health (2015).

28. Gray C, Gibbons R, Larouche R, Sandseter EB, Bienenstock A, Brussoni M,

et al. What is the relationship between outdoor time and physical activity,

sedentary behaviour, and physical fitness in children? a systematic review.

Int J Environ Res Public Health. (2015) 12:6455–74. doi: 10.3390/ijerph120

606455

29. Heenan R.Higher Density Living for Kids - The Effects of High Density Housing

on Children’s Health and Development: A Literature Review to Inform Policy

Development in Western Sydney. Sydney, NSW: NSWHealth (2017).

30. Straker L, Howie EK, Cliff DP, Davern MT, Engelen L, Gomersall SR, et al.

Australia and other nations are failing to meet sedentary behaviour guidelines

for children: implications and a way forward. J Phys Act Health. (2016)

13:177–88. doi: 10.1123/jpah.2015-0026

31. Foodbank Australia. Foodbank Hunger Report 2021: The Reality of the Food

Crisis Facing Australia. Sydney: Foodbank Australia Limited (2021).

32. Australian Bureau of Statistics. National Health Survey: First Results, 2017-

2018. Canberra: Australian Bureau of Statistics (2018).

33. Centre for Epidemiology and Evidence. HealthStats NSW. Sydney, NSW:

NSWMinistry of Health (2021).

34. World Health Organization. Report of the Commission on Ending Childhood

Obesity: Implementation Plan: Executive Summary. Geneva: World Health

Organization (2017).

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 McNicholas, Hammersley, Hopkins, McDermott and Plaskett.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Public Health | www.frontiersin.org 11 May 2022 | Volume 10 | Article 841178

https://doi.org/10.1136/bmjopen-2018-023191
https://doi.org/10.3389/fhumd.2021.684137
https://doi.org/10.3389/fpsyg.2015.00369
https://doi.org/10.1016/j.foodres.2014.12.034
https://doi.org/10.1542/peds.2016-1758K
https://doi.org/10.2196/25202
https://doi.org/10.1080/03036758.2020.1841010
https://doi.org/10.1016/j.appet.2018.03.021
https://doi.org/10.1017/S1368980014001943
https://doi.org/10.1016/S2352-4642(20)30131-0
https://doi.org/10.1016/j.jshs.2020.05.006
https://doi.org/10.3390/ijerph120606455
https://doi.org/10.1123/jpah.2015-0026
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	The Impact of COVID-19 Restrictions on the Healthy Eating and Movement Behaviors of 0–12-Year-Old Children in Western Sydney, Australia
	Introduction
	Methods
	Data Collection
	Measures
	Statistical Analysis
	Qualitative Analysis

	Results
	Demographic Characteristics
	Changes in Eating and Movement Behaviors
	Differences in Changes by Age Group
	Differences in Changes by Socioeconomic Status
	Differences in Movement Behaviors by Type of Dwelling
	Changes Parents Would Like to Maintain
	Food Security

	Discussion
	Study Limitations and Strengths

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


