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ABSTRACT
Objectives To explore whether the physical activity (PA) 
environment (walkability, greenspace and recreational 
facilities) surrounding regional primary schools is 
associated with children’s PA levels, active transport and 
weight status. Limited research on this topic has been 
conducted outside of major cities.
Design Cross- sectional ecological study using baseline 
data from two large- scale obesity prevention interventions.
Setting Eighty (n=80) primary schools across two 
regional areas in Victoria, Australia.
Participants Students aged 8–13 years (n=2144) 
attending participating primary schools.
Outcome measures Measured weight status (body mass 
index z- score, proportion overweight/obese) and self- 
reported PA behaviours (meeting PA recommendations and 
active travel behaviour).
Results When adjusted for student and school 
demographics, students had significantly increased odds 
of using active transport to or from school when the 
school neighbourhood was more walkable (OR 1.21 (95% 
CI 1.09 to 1.35), had a greater number of greenspaces 
(OR 1.35 (95% CI 1.20 to 1.53)) and a greater number 
of recreational facilities (OR 1.18 (95% CI 1.07 to 1.31)). 
A higher cumulative PA environment score was also 
associated with a higher proportion of children using active 
transport (OR 1.33 (95% CI 1.28 to 1.51)). There were 
no significant associations between the PA environment 
measures and either weight status or meeting the PA 
recommendations in adjusted models.
Conclusions This study is the first of its kind exploring 
school neighbourhood environments and child weight 
status and PA in regional areas of Australia. It highlights 
the potential of the environment surrounding primary 
schools in contributing to students’ active travel to and 
from school. Further research with the use of objective 
PA measurement is warranted in regional areas that have 
been under- researched.
Trial registration number Australian New Zealand 
Clinical Trials Registry ( ANZCTR. org. au) identifier 
12616000980437; Results.

BACKGROUND
Built and natural environments significantly 
impact children’s behaviours, particularly 
levels of physical activity (PA).1 Inadequate 
PA is a key risk factor for the development 
of childhood obesity2 as well as many other 
chronic conditions.3 Nationally represen-
tative Australian surveys show that approxi-
mately a quarter of children aged 5–17 have 
overweight or obesity,4 and only a quarter of 
5–14- year olds meet the recommended levels 
of daily PA,5 a figure reflected internationally.6

Research into environmental influences 
on children’s PA and weight status has typi-
cally focused either on the neighbourhoods 

Strengths and limitations of this study

 ► There has been limited research conducted on envi-
ronmental drivers of physical inactivity and obesity 
in children outside of major cities, particularly in ar-
eas surrounding schools.

 ► Multilevel linear and logistic regressions were 
used to assess associations between elements of 
the school neighbourhood physical activity (PA) 
environment and students’ weight status and PA 
behaviours.

 ► Comparisons were made between PA environments 
of school neighbourhoods surrounding high and low 
socioeconomic position schools and between inner 
and outer regional areas.

 ► Strengths of the study include the use of measured 
student height and weight from large studies with 
high participation rates and objectively measured PA 
environments.

 ► Study limitations include the use of self- reported PA 
behaviour data and the inability to determine how 
far children lived from the schools.
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around children’s homes7–9 or the characteristics of the 
environment within school grounds.10–13 Children spend 
a significant portion of their time both at school and in 
transit to and from school. Environments surrounding 
schools provide important PA opportunities and potential 
settings for interventions to increase the PA levels of chil-
dren. School neighbourhoods may also provide a useful 
proxy for activity centres within communities, within 
which children may have opportunities to participate 
in sports and other physically active behaviours before 
or after school. An Australian study14 found that organ-
ised sport accounted for only a small portion of student’s 
overall PA levels indicating that other forms of PA, such as 
active transport and informal play, are important contrib-
utors.15 16

Limited research has been conducted on the PA envi-
ronment outside of major cities in Australia and inter-
nationally.17–19 Australian data indicate that overweight 
and obesity prevalence have significantly increased 
outside of major city areas since 2010, whereas it appears 
to have plateaued in major cities.20 Compared with chil-
dren living in major cities, children living outside of 
major cities have been reported to be more physically 
active overall,21 although have lower levels of active trans-
port.20 22 Several major city- based studies have reported 
that key determinants of whether a child uses active 
forms of transport to and from school include distance 
to school,17 23 24 population density19 and street connec-
tivity,25 which are all aspects of the environment that are 
likely to differ between major cities and regional and 
remote areas.

Reviews including primarily children in major cities 
have found that increased availability of greenspace,26 
walkability of neighbourhoods27 and availability of sport 
facilities27 were associated with increased levels of PA. 
Evidence also suggests that the presence of walking or 
bike paths and overall neighbourhood walkability are 
associated with increased active transportation to and 
from school.19 23 25 Children who use active forms of 
transport to and from school have been found to have 
higher overall levels of PA;15 16 however, there are mixed 
results for the association of this behaviour with weight 
status.16 28 It is unclear how PA environments may impact 
on variation in activity levels and weight status in students 
outside of major city areas.

Given lower population densities, regional students may 
typically need to travel greater distances to school and it 
could be hypothesised that these children will be more 
reliant on motorised transport. More work is needed to 
understand the relationship between PA environments 
surrounding schools in regional areas and PA patterns 
and weight status among students.

In this study, we aimed to quantify the relationships 
between PA environments surrounding primary schools 
and (1) students’ weight status, (2) PA levels, (3) active 
transport, in regional areas of Victoria, Australia. Findings 
from this study may aid in the prioritisation and targeting 
of policies and programmes to improve PA environments 

around schools, so that all children have the opportunity 
to engage in PA, regardless of where they live.

METHODS
The Methods section is written to address the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement.29

Study design
This study used a cross- sectional ecological design to 
assess the associations between school–neighbourhood 
PA environments and the self- report measures of PA 
and active transport and measured weight status among 
primary school students.

Setting
The study was conducted across two regional areas in 
Victoria, Australia. This covers nine local government 
areas in the South- West and Goulburn Valley regions, with 
a total population of 225 89530, which includes a number 
of moderately- sized regional towns (eg, 10 000 to 30 000 
people) and 142 government, Catholic and Independent 
primary schools. Data were collected between April 2015 
and September 2016.

Participants
Child- level data used in this study were collected as 
part of the baseline measurements for two large- scale 
system- based obesity prevention interventions.31 32 The 
evaluations have been described previously33 and were 
conducted in the same way in both study regions. In brief, 
in the 2015 (South- West region) and 2016 (Goulburn 
Valley region) data collection periods, all primary schools 
(government, independent and catholic) were invited to 
participate. In participating schools, all students in year 
2 (aged approximately 7–8 years), year 4 (aged approxi-
mately 9–10 years) and year 6 (aged approximately 11–12 
years) were invited to participate via an opt- out recruit-
ment approach. Catholic school data were not included 
in 2015 as approval to use passive (opt- out) recruitment 
processes were not granted by Catholic schools in that 
year, and evidence shows that opt- in consent can result 
in up to 5% lower overweight and obese prevalence 
detection.34

Weight status
Anthropometric measures of height and weight were 
taken by trained staff according to a standardised 
protocol. Height was measured to the nearest 0.1 cm and 
weight the nearest 0.05 kg. All students were measured 
two times and where the two initial measures differed, by 
more than 0.5 cm or 0.1 kg for height and weight, respec-
tively, a third measurement was taken. An average of these 
height and weight measures was used to calculate body 
mass index (BMI) z- scores according to the WHO Child 
Growth Reference,35 and weight status categories were 
derived using the following cut- offs, as recommended by 
the WHO; overweight: > +1 SD to < +2 SD, obese: ≥ +2 SD. 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-045785 on 2 July 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


3Jacobs J, et al. BMJ Open 2021;11:e045785. doi:10.1136/bmjopen-2020-045785

Open access

BMI z- score and overweight or obese (yes/no) were 
included in the analysis.

Physical activity behaviours and demographic questions
Students completed an electronic self- report question-
naire in class time on tablet computers, with guidance 
from a trained supervisor. Students in years 4 and 6 self- 
reported their gender, date of birth, language usually 
spoken at home, Aboriginal and/or Torres Strait Islander 
background, residential postcode and country of birth. 
The PA components of the questionnaire used for this 
study were the demographic information and the Core 
Indicators and Measures of Youth Health—Physical 
Activity and Sedentary Behaviour Module,36 which has 
been shown to be reliable in this age group.36 37

PA was assessed as students participating in at least 
60 min of moderate to vigorous PA on five school days 

(Monday to Friday) (yes/no), consistent with the Austra-
lian National Physical Activity Guidelines at the time.38 
Students’ usual mode of transport to and from school 
was categorised as either active (walking, cycling, public 
bus, other active) or nonactive (car, school bus, other 
inactive).

PA environment
The exposures in this study were three aspects of the PA 
environment in each school’s ‘neighbourhood’; walk-
ability, greenspace and recreational facilities (table 1). A 
1 km street network buffer around each school was derived 
from the ‘Neighbourhood Generator’ tool through 
the Australian Urban Research Infrastructure Network 
(AURIN) Portal39 to define each school’s immediate 
‘neighbourhood’. This buffer was informed by previous 
research suggesting that 1 km is a feasible distance that 

Table 1 Description of independent, dependent and control variables used in the analysis

Independent variables*

  Measurement method Level of data Data source

Walkability Population density+land use mix+connectivity.
Objectively measured

Continuous Australian Urban Research 
Infrastructure Network41

Greenspace Count of greenspaces
Objectively measured

Continuous datavic 'features of 
interest'43

Recreation facilities Count of recreation facilities
Objectively measured

Continuous datavic 'features of 
interest'43

Total PA environment Each independent variable broken into tertiles 
(lowest to highest) and tertiles summed

Continuous Tertiles created based on 
above measures

Dependent variables

  Measurement method Level of data Reference for variable 
definition

Active travel Active travel to or from school on typical day
Self- report questionnaire

Dichotomous Australian National Physical 
Activity Guidelines38

Physical activity Meeting PA guidelines on 5 school days in typical 
week
Self- report questionnaire

Dichotomous Australian National Physical 
Activity Guidelines38

Weight status Classified overweight or obese based on WHO 
growth chart
Measured

Dichotomous WHO growth chart35

BMI z- score Age and gender BMI z- score based on WHO growth 
chart
Measured

Continuous WHO growth chart35

Control variables

Socio- economic 
position

ICSEA (school- level SEP) Continuous Australian Curriculum 
Assessment and Reporting 
Authority47

Remoteness Classified into five levels—major city, inner regional, 
outer regional, remote, very remote

Categorical Accessibility/Remoteness 
Index of Australia46

School type Classified as government, independent, catholic Categorical Australian Curriculum 
Assessment and Reporting 
Authority47

*Within a 1 km walkable distance from the school.
BMI, body mass index; BMI, body mass index; ICSEA, index of community socio- educational advantage; PA, physical activity; SEP, socio- 
economic position.
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children will walk to school.40 A walkability score for this 
buffer area and the count of recreational facilities and 
greenspaces intersecting this buffer were determined for 
each school. A 50 m trim distance was used around the 
road centres, to capture greenspace and facilities acces-
sible from the defined street network.

Walkability scores were generated for all primary 
schools in the study regions, using the ‘Walkability Index 
with gross density for regions’ tool through the AURIN 
portal.41 Scores are based on standardised scores for 
population density, land use mix and street connectivity, 
which have been associated with increased walking.42 A 
z- score for each of the three domains is generated for all 
schools in the included regions, with the sum of these 
giving an overall walkability score for each school.

Features of interest (FOI) data were accessed via the 
Victorian Government data website (Layer: VMFEAT_
FOI_POLYGON) and are produced by the Department 
of Environment, Land, Water and Planning.43 FOI data 
are projected as polygons and used to determine the 
presence of facilities that may be used by students for 
PA. For the purpose of this study, we limited the catego-
ries of features to three key feature types; recreational 
resources (eg, skate parks), sporting facilities (eg, tennis 
court, netball courts, golf course, sporting complexes) 
and reserves (eg, public parks and gardens). For this 
analysis, recreational resources and sporting facilities 
were combined and termed ‘recreational facilities’ and 
reserves termed ‘greenspace’. Recreational facilities 
and greenspace were counted as being within a school’s 
neighbourhood if any part of the feature intersected 
with the walkability buffers (ie, they were within 1 km 
walking distance of the school). If a reserve contained 
recreational facilities, it was counted as both recreational 
facility and greenspace.

Manual verification of locations of recreational facil-
ities and greenspace were conducted on a convenience 
sample of three schools (two inner regional and one 
outer regional) by authors JJ and NC. Following this 
process, a number of reserves in the FOI data set were 
observed to be inappropriate for PA (eg, inaccessible 
fields behind locked gates, nature strips on roadside). 
Subsequently, all reserves were checked and verified 
using Google Maps satellite view to verify useability, a 
technique that has been used increasingly in environ-
mental studies.44

Remoteness
Remoteness classification for each school was deter-
mined according to the five categories of the Accessi-
bility/Remoteness Index for Australia; major cities, inner 
regional, outer regional, remote and very remote.45 
Classification is based on a continuous variable derived 
from the area’s access to services, measured as distance 
by road, and the population of the closest centre.46 All 
schools included in this study fall into the inner regional 
and outer regional categories.

Socioeconomic position
Socioeconomic position (SEP) of the school was deter-
mined using the index of community socioeducational 
advantage (ICSEA) scores, obtained from the Austra-
lian curriculum, assessment and reporting authority ‘My 
School’ website.47 Scores are derived from a combina-
tion of reported parental occupation, parental income, 
geographic location and proportion of indigenous 
students to provide an overall indication of the school 
community’s relative SEP. ICSEA scores for each partic-
ipating school were included as a continuous variable 
in the regression models but were dichotomised for 
comparison of descriptive statistics, categorising school 
into either equal to or above (≥1000) or below (<1000) 
the national mean.

Data analysis
Only year 4 and 6 student data were used as year 2 
students did not complete the behaviour questionnaires. 
Data collected in 2015 and 2016 were combined as one 
cohort for analysis.

School neighbourhoods (street network buffers) were 
imported from the AURIN results into ArcMap (ArcGIS 
Desktop, V.10.7.1 ESRI, Redlands, California).48 The FOI 
data, which included greenspace and recreation facility 
locations projected as polygons, were also imported into 
ArcMap. Within ArcMap, the intersect tool was used to 
produce an attribute table including all recreational facil-
ities and greenspaces that were within, or intersected 
with, the 1 km walkable neighbourhood around included 
primary schools. Duplicates were removed within school 
neighbourhood (where a polygon intersected with the 
buffer multiple times). This table was exported to Stata 
SE V.15 (StataCorp, College Station, Texas)49 for analysis.

Demographics at the school level were tabulated 
according to remoteness and SEP (low/high), as 
measured by ISCEA, as aspects of the PA environment 
have been shown to vary by these factors.50 Two sample 
t- tests and proportion tests were used to determine differ-
ences between groups.

Multilevel mixed effects logistic regression were fitted 
to test the association between independent variables: (1) 
the count of recreational facilities within, or intersecting 
with, the 1 km walkability buffer, (2) the count of green-
spaces within, or intersecting with, the 1 km walkability 
buffer, (3) the school walkability score and each of three 
dependent variables; (1) weight status (overweight or 
obese) (yes/no), (2) adherence to PA guidelines (yes/
no) and (3)use of active transport(yes/no) as separate 
regressions. Multilevel linear regression models were 
fitted to test the associations between all three PA environ-
ment independent variables and the dependent variable 
of BMI z- score. For all models, clustering was accounted 
for at the school level. Initial models (model 1) did not 
include any adjustment for covariates. In model 2, adjust-
ments were made for school- level SEP (measured by 
ICSEA), student’s gender and age (in years) and school 
type (government, Catholic, independent). A third 
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regression model (model 3) included all independent 
variables related to the PA environment. Geographical 
location (according to remoteness) is a direct input into 
the calculation of ICSEA. Correlation analysis shows that 
the two variables are collinear in this sample (pairwise 
correlation p<0.05) and, therefore, remoteness was not 
adjusted for any of the models. A p value <0.05 for all 
associations was considered significant.

A secondary analysis was conducted to assess the impact 
of the total PA environment by creating a composite 
score. Each of the three exposure variables was coded 
into tertiles (low=1, moderate=2, high=3), then summed 
for each school. This total PA environment score was used 
as the independent variable for analysis with each of the 
weight and PA behaviour outcomes.

Patient and public involvement
The wider trials from which the baseline data are drawn 
on for this manuscript involved extensive collaboration 
with numerous community- based organisations (eg, 
health services, primary care partnerships and local coun-
cils). Key local agencies contributed to recruitment and 
student- level data collection.

The outcome measurements (weight and health 
behaviours) were developed in conjunction with 
community- based organisations (eg, health services, 
primary care partnerships) due to an absence of locally 
available data on the prevalence of childhood obesity and 
associated modifiable behaviours.

RESULTS
Data were collected from 65% (84/129) of eligible 
schools for two large- scale system- based obesity preven-
tion interventions, with 79% (3476/4386) of eligible 
students within those schools participating in the study. 
Of these eligible students, 2269 were in years 4 and 6. 
For this analysis, three special development schools were 
excluded due to not being assigned an ICSEA score and 
one further school did not have complete data on any 
year 4 or 6 students. This resulted in 80 schools being in 
the final analysis. These schools included 2144 students 
with complete measures (94% of eligible year 4 and 6 
students). There was some variation in gender and year 
level within the excluded students (n=72 boys, n=53 girls; 
n=74 year 6s, n=51 year 4s).

Descriptive statistics of the participating schools are 
presented in table 2, stratified by school- level SEP (ICSEA) 
and remoteness classification. Stratification by ICSEA 
shows a significantly greater number of recreation facil-
ities and greenspaces and higher mean walkability scores 
in low compared with high SEP school neighbourhoods. 
A significantly higher proportion of students attending 
low SEP schools used active transport to or from school, 
but a higher proportion of students attending high SEP 
schools met the PA guidelines, and students attending 
high SEP schools had a lower mean BMI z- score.

There were a number of differences between schools 
in inner and outer regional areas, with a lower number 
of recreation facilities and greenspaces, lower walkability 
scores and lower total PA environment scores in outer 
compared with inner regional areas. Furthermore, a 
lower proportion of students used active forms of trans-
port in outer compared with inner regional areas.

Table 3 shows that the analysis did not find any signif-
icant associations between the schools’ PA environment 
and either students’ weight status or the odds of students 
meeting PA guidelines once adjusted for demographics 
of the students and schools.

Significant associations were found between each of 
the independent variables (recreation facilities, green-
space and walkability) and the odds of a student using 
active transport to or from school. When adjusted for 
age, gender, school SEP and school type (model 2), the 
biggest effect size was for greenspace, with every addi-
tional greenspace in a school neighbourhood increasing 
the odds of a student using active transport to or from 
school by 35% (OR 1.35, 95% CI 1.20 to 1.53). The asso-
ciation between greenspace and active transport also 
remained when adjusted for the other independent vari-
ables (model 3) (OR 1.30, 95% CI 1.09 to 1.54).

In the secondary analysis, significant associations were 
found between the summed ‘total PA environment’ score 
and using active transport and weight outcomes in the 
unadjusted model. However, in the adjusted model, only 
a significant result remained for active transport (OR 
1.33, 95% CI 1.28 to 1.51).

DISCUSSION
This study assessed associations between the PA environ-
ment of 80 primary schools, and child weight status and PA 
behaviours, in regional Australia. There were significantly 
higher odds of students using active transport to and/or 
from school with increasing number of greenspaces and 
recreational facilities in the school neighbourhood and 
with increasing school neighbourhood walkability scores. 
Students also had significantly higher odds of using active 
transport with increasing total PA environment score of 
their school neighbourhood. No significant associations 
were found between individual features of the PA envi-
ronment surrounding schools and weight status or PA 
levels in adjusted models.

Strengths of this study include the use of measured 
height and weight data from large regional studies with a 
very high student participation rate (79%).33 51 This high 
student participation rate, using an opt- out recruitment 
approach, is likely to reduce the impact of measurement 
error introduced through nonparticipation bias on esti-
mates of behaviours and overweight and obesity.34 Addi-
tionally, manually verifying the recreational facilities and 
greenspaces within the 1 km walkable neighbourhood of 
a sample of participating schools improved the validity of 
our environmental data and allowed refinements of the 
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classification methods for greenspaces and recreation 
facilities for analysis.

Using a 1 km walkable neighbourhood is more accurate 
than other approaches such as the Euclidean distance 
to measure the environment52 as it uses existing road 
networks that are likely to be used for active transport, 
reflecting actual transport routes. By contrast, Euclidean 
buffers do not account for road networks and access, and 
simply reflect the density, but not accessibility, of environ-
mental features within a given area. The 1 km neighbour-
hood also represents a distance that has been shown to be 
realistic for children to travel before or after school.40 53

There were also a number of limitations with this study. 
Inherent issues exist with the use of self- report measures 
of PA, particularly among children. These include recall 
and social- desirability biases and challenges with accurate 
comprehension and reporting.54 The use of objective 
measures (such as accelerometry) to gain more accurate 
assessment of PA would be beneficial in future studies. 
Additionally, the exclusion of Special Development 
schools due to these schools not being assigned a school- 
level SEP measure may impact the generalisability of the 

results, in particular, regarding applicability of the results 
to students attending these schools.

Another limitation is the cross- sectional study design, 
which meant we were unable to determine causation 
between the PA environment and the outcomes explored. 
Self- selection into a particular area, in this instance, by a 
child’s parents, may also influence the results, particularly 
considering those of higher SEP may be less likely to be 
obese and choose environments more conducive to PA.55 
However, in this study, more recreational facilities and 
greenspaces and higher walkability scores were found in 
areas surrounding schools classified as lower compared 
with higher SEP. There have been similar findings in 
other studies examining associations between area- level 
SEP and greenspace,56–58 recreational facilities59–62 and 
walkability63 where lower SEP areas have had more facil-
ities or higher walkability scores compared with higher 
SEP areas. These results highlight the complexity of these 
relationships, with factors such as quality and accessibility 
also playing important roles.

A further limitation is that we did not have data on the 
distance that the children lived from the school that may 

Table 2 Descriptive statistics of schools (n=80) and students (n=2144)

Low SEP High SEP Inner regional Outer regional All schools

Schools (n) 56 24 60 20 80

Students (n) 1616 528 1813 331 2144

Mean (SD) age (years) 10.86 (1.08) 10.95 (1.05) 10.88 (1.07) 10.9 (1.09) 10.88 (1.08)

Proportion female 0.49 0.48 0.49 0.49 0.49

Exposures

Recreational Facilities

  Mean (SD) features per neighbourhood 3.71 (2.81) 2.25 (1.75)* 3.40 (2.82) 2.90 (1.86)* 3.28 (2.62)

  Range 0–11 0–7 0–11 0–7 0–11

Greenspace

  Mean (SD) features per neighbourhood 2.40 (1.96) 1.62 (1.86)* 2.43 (2.11) 1.40 (1.10)* 2.18 (1.95)

  Range 0–8 0–8 0–8 0–4 0–8

Walkability

  Mean score (SD) −0.39 (2.71) −1.64 (1.56)* −0.41 (2.69) −1.84 (1.24)* −0.76 (2.48)

  Range −3.91–6.96 −3.76–1.22 −3.91–6.96 −3.77–0.47 −3.91–6.96

Total PA score

  Mean score (SD) 5.2 (1.93) 4.00 (1.29) 5.10 (1.94) 4.05 (1.19) 4.84 (1.83)

  Range 3–9 3–7 3–9 3–6 3–9

Outcomes

  Proportion meeting PA guidelines 5 school days 0.24 (0.42) 0.30 (0.46)* 0.27 (0.44) 0.22 (0.42) 0.26 (0.44)

  Proportion using AT to or from school 0.33 (0.47) 0.18 (0.38)* 0.32 (0.47) 0.17 (0.37)* 0.29 (0.46)

  Proportion overweight/obese 0.39 (0.49) 0.33 (0.47) 0.38 (0.49) 0.37 (0.48) 0.38 (0.48)

  Mean (SD) BMI z- score 0.69 (1.22) 0.59 (1.1)* 0.67 (1.2) 0.65 (1.18) 0.67 (1.19)

Low SEP=ICSEA<1000; high SEP=ICSEA≥1000.
*Significant t- test or proportion test result (p<0.05) for difference between inner and outer regional schools, or difference between high and 
low SEP schools scores.
AT, active transport; BMI, body mass index; ICSEA, index of community socio- educational advantage; PA, physical activity; ; SEP, socio- 
economic position.
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particularly influence the active transport outcome. These 
data would enhance the analysis; however, we hypothe-
sise that the school neighbourhood may act as a proxy 
for the community PA environment, where children may 
play before and after school as well as an area that could 
enhance active transportation.

The potential impact of residual confounding by other 
factors that were not able to be controlled for also needs 
to be considered. These may include individual socio-
economic factors, parent’s perception of the neighbour-
hood or safety, family car ownership and distance to 
school. Additionally, although multiple tests have been 
conducted, consistent associations with active transport 
and the PA environment are found, and results remain 
consistent with adjustment of the p value threshold to 
<0.01.

A lack of association between the individual PA envi-
ronment measures surrounding schools and PA levels or 
weight status in students may be due to lack of heteroge-
neity in our sample of those environmental characteristics 

that are deterministic of behaviour, a lack of genuine 
associations between environments and these outcomes 
or insufficient power to detect differences. In regards to 
weight status, there are many complex determinants of 
weight,64 of which PA is only one. Other environmental 
factors such as the food environment and individual 
factors also play a role but are beyond the scope of this 
study. While associations were found between the envi-
ronment and active transport, it has been suggested that 
active transport alone may not result in sufficient energy 
expenditure to impact on obesity levels.65

This impact of the overall PA environment warrants 
further study, with more standardised measures that take 
in multiple aspects of the PA environment, as is done to 
calculate walkability scores.

The walkability score used in this study included connec-
tivity, land- use mix and population density measures. 
Combining different aspects of the environment into a 
composite score is a common approach to assess walk-
ability.42 66 Reviews looking at individual components of 

Table 3 Associations between PA environment, weight and behavioural outcomes (students n=2144)

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Meeting PA guidelines

  Recreational facilities 0.97 0.92 to 1.02 0.98 0.93 to 1.04 1.00 0.93 to 1.07

  Greenspace 0.96 0.89 to 1.04 0.98 0.91 to 1.06 1.00 0.90 to 1.11

  Walkability 0.96 0.90 to 1.02 0.97 0.92 to 1.04 0.98 0.90 to 1.07

  Total PA environment 0.94 0.87 to 1.00 0.95 0.87 to 1.04 – –

Using AT 1+trip

  Recreational facilities 1.23† 1.11 to 1.37 1.18† 1.07 to 1.31 1.05 0.94 to 1.18

  Greenspace 1.41† 1.24 to 1.61 1.35† 1.20 to 1.53 1.30† 1.09 to 1.54

  Walkability 1.26† 1.14 to 1.41 1.21† 1.09 to 1.35 1.01 0.87 to 1.17

  Total PA environment 1.40† 1.23 to 1.58 1.33† 1.28 to 1.51 – –

Overweight/obese

  Recreational facilities 1.03 1.00 to 1.06 1.01 0.98 to 1.04 1.01 0.97 to 1.04

  Greenspace 1.04* 1.00 to 1.09 1.03 0.99 to 1.07 1.03 0.97 to 1.08

  Walkability 1.03 0.99 to 1.07 1.01 0.98 to 1.05 1.00 0.95 to 1.04

  Total PA environment 1.05* 1.00 to 1.10 1.03 0.99 to 1.08 – –

  Beta‡ 95% CI Beta‡ 95% CI Beta‡ 95% CI

BMI z- score

  Recreational facilities 0.01 −0.01 to 0.29 0.00 −0.02 to 0.02 0.00 −0.03 to 0.02

  Greenspace 0.03* 0.00 to 0.05 0.02 −0.01 to 0.04 0.03 −0.01 to 0.06

  Walkability 0.01 −0.01 to 0.03 0.00 −0.02 to 0.02 −0.01 −0.04 to 0.02

  Total PA environment 0.03* 0.00 to 0.06 0.01 −0.01 to 0.04 – –

Model 1: unadjusted; model 2: adjusted for age (years), gender, school type and ICSEA (school- level SEP); model 3: adjusted for age (years), 
gender, school type, ICSEA (school- level SEP) and other independent variables.
*p<0.05.
†p<0.01.
‡Mean change in BMI z- score.
AT, active transport; BMI, body mass index; ICSEA, index of community socio- educational advantage; PA, physical activity; SEP, socio- 
economic position.
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walkability have found more diverse land- use mix,27 67 
population density27 68 and street connectivity25 68 69 to be 
associated with increased PA levels or active travel in chil-
dren and adolescents. However, a majority of published 
studies have been conducted in major city settings. The 
impact and relative importance of each of these measures 
may differ for regional compared with major city commu-
nities. To elicit differences between regional and major 
city environments, it may be useful to look at these 
components separately in a broader cross- section of envi-
ronments, with further heterogeneity in levels of remote-
ness (from major cities to very remote).

Our findings on the association between walkability 
scores of school neighbourhoods and active transport are 
in line with other studies25 69 70 but represents one of very 
few studies focused on regional areas. Distance to school 
has been shown to be an important factor in the choice 
or ability to use active forms of transport for school 
commutes.71 72 With increasing remoteness, distances 
travelled to school tend to increase, thus impacting active 
transport levels. This is supported by our results showing 
a significantly greater proportion of children from inner 
regional schools actively commuted to school compared 
with those in outer regional schools, a result reflected 
in other Australian studies.20 While walkability was asso-
ciated with a greater proportion of students using active 
forms of transport for their journeys to and from school, 
the overall number of children actively commuting 
remained below one quarter in our sample. A Canadian 
study that considered active transport for children who 
live within walking distance of their school (defined as 
1.6 km) found much higher rates (up to 67%) of active 
transport.73

We have used a 1 km buffer from primary schools in 
line with other research regarding the distances that chil-
dren would walk.40 However, there is debate regarding 
the optimal walking distance to use to define the local 
neighbourhood and to reflect accessible environments 
for children where they are likely to access services and 
recreational opportunities.74 In the food environment 
literature, there is some evidence that a larger buffers 
should be used,75 76 Additionally, it may be that a larger 
buffer is more relevant in regional locations, where there 
is a greater reliance on cars, less public transport and 
greater distances between homes and schools.

CONCLUSIONS
This study is the first of its kind exploring school neigh-
bourhood environments and child weight status and PA 
behaviours in regional areas of Australia. It highlights 
the importance of the environment surrounding primary 
schools in contributing to students’ active travel to and 
from school. Further research with the use of objective PA 
measurement is warranted in regional and remote areas 
to further our understanding of the broader healthy 
school environment.

Twitter Kathryn Backholer @KBackholer

Contributors JJ, NC and MN conceptualised the study and initial hypothesis 
and collated environmental data. SA and CS conceived the WHOSTOPs study and 
underlying design. JJ conducted analysis and interpretation, with assistance from 
KB and MN. JJ prepared the manuscript. JJ, MN, NC, CS, KB and SA provided 
intellectual input, contributed to the development of the manuscript and have read 
and approved the final manuscript.

Funding This study was supported by funding from the Goulburn Valley’s Primary 
Care Partnership, Western Alliance, and a NHMRC Partnership Project Grant titled 
Whole of System Trial of Prevention Strategies for childhood obesity: WHO STOPS 
childhood obesity (APP1114118). NC, CS, MN, KB, JJ and SA are researchers within 
a NHMRC Centre for Research Excellence in Obesity Policy and Food Systems 
(APP1041020). SA would like to acknowledge funding support from VicHealth, 
the Australian National Health and Medical Research Council (GNT1151572; 
GNT1133090; GNT114118), the Western Alliance and the NSW Health Translational 
Research Grants Scheme.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Not required.

Ethics approval This study received ethical approval from the Deakin University 
Human Research Ethics Committee (DUHREC 2014-279 and 2014-289), the 
Victorian Department of Education and Training (DET 2015-002622) and the 
Catholic Archdiocese of Sandhurst and Ballarat. Students enrolled in participating 
schools were invited to take part in the study through the distribution of a plain 
language statement and opt- out form. Students were considered to have provided 
informed consent unless an opt- out form signed by their parents or guardians 
was returned to the school or verbal assent was not given by the student at the 
time of measurement. Students were also able to participate in as much (e.g. all 
measurements) or as little (eg, only survey) as desired.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request to 
corresponding author.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iD
Jane Jacobs http:// orcid. org/ 0000- 0002- 3722- 9672

REFERENCES
 1 Smith M, Hosking J, Woodward A, et al. Systematic literature review 

of built environment effects on physical activity and active transport 
- an update and new findings on health equity. Int J Behav Nutr Phys 
Act 2017;14:158.

 2 Rowlands AV. Physical activity, inactivity, and health during youth. 
Pediatr Exerc Sci 2016;28:19–22.

 3 Lee I- M, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on 
major non- communicable diseases worldwide: an analysis of burden 
of disease and life expectancy. Lancet 2012;380:219–29.

 4 Australian Bureau of Statisitcs. National health survey: first results, 
2017-18, cat No. 4364.0.55.001, 2018. Available: http://www. abs. 
gov. au/ ausstats/ abs@. nsf/ mf/ 4364. 0. 55. 001

 5 Australian Institute of Health and Welfare Australia’s Health. 
Australia’s health series no. 14. Cat. no. AUS 178, 2014. Available: 
https://www. aihw. gov. au/ reports/ australias- health/ australias- health- 
2014/

 6 Tremblay MS, Gray CE, Akinroye K, et al. Physical activity of children: 
a global matrix of grades comparing 15 countries. J Phys Act Health 
2014;11 Suppl 1:S113–25.

 7 Villanueva K, Badland H, Kvalsvig A, et al. Can the neighborhood 
built environment make a difference in children's development? 
building the research agenda to create evidence for Place- Based 
children's policy. Acad Pediatr 2016;16:10–19.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-045785 on 2 July 2021. D

ow
nloaded from

 

https://twitter.com/KBackholer
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3722-9672
http://dx.doi.org/10.1186/s12966-017-0613-9
http://dx.doi.org/10.1186/s12966-017-0613-9
http://dx.doi.org/10.1123/pes.2016-0007
http://dx.doi.org/10.1016/S0140-6736(12)61031-9
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001
https://www.aihw.gov.au/reports/australias-health/australias-health-2014/
https://www.aihw.gov.au/reports/australias-health/australias-health-2014/
http://dx.doi.org/10.1123/jpah.2014-0177
http://dx.doi.org/10.1016/j.acap.2015.09.006
http://bmjopen.bmj.com/


9Jacobs J, et al. BMJ Open 2021;11:e045785. doi:10.1136/bmjopen-2020-045785

Open access

 8 Timperio A, Crawford D, Ball K, et al. Typologies of neighbourhood 
environments and children's physical activity, sedentary time and 
television viewing. Health Place 2017;43:121–7.

 9 Timperio A, Reid J, Veitch J. Playability: built and social environment 
features that promote physical activity within children. Curr Obes 
Rep 2015;4:460–76.

 10 Morton KL, Atkin AJ, Corder K, et al. The school environment and 
adolescent physical activity and sedentary behaviour: a mixed- 
studies systematic review. Obes Rev 2016;17:142–58.

 11 de Vet E, de Ridder DTD, de Wit JBF. Environmental correlates of 
physical activity and dietary behaviours among young people: a 
systematic review of reviews. Obes Rev 2011;12:e130–42.

 12 Black IE, Menzel NN, Bungum TJ. The relationship among 
playground areas and physical activity levels in children. J Pediatr 
Health Care 2015;29:156–68.

 13 Button B, Trites S, Janssen I. Relations between the school physical 
environment and school social capital with student physical activity 
levels. BMC Public Health 2013;13:1191.

 14 Koorts H, Timperio A, Arundell L, et al. Is sport enough? contribution 
of sport to overall moderate- to vigorous- intensity physical activity 
among adolescents. J Sci Med Sport 2019;22:1119–24.

 15 Denstel KD, Broyles ST, Larouche R, et al. Active school transport 
and weekday physical activity in 9-11- year- old children from 12 
countries. Int J Obes Suppl 2015;5:S100–6.

 16 Larouche R, Saunders TJ, Faulkner GEJ, et al. Associations between 
active school transport and physical activity, body composition, and 
cardiovascular fitness: a systematic review of 68 studies. J Phys Act 
Health 2014;11:206–27.

 17 Panter JR, Jones AP, van Sluijs EM. Environmental determinants of 
active travel in youth: a review and framework for future research. Int 
J Behav Nutr Phys Act 2008;5:34.

 18 Abbott RA, Macdonald D, Nambiar S, et al. The association between 
walking to school, daily step counts and meeting step targets in 5- to 
17- year- old Australian children. Pediatr Exerc Sci 2009;21:520–32.

 19 D'Haese S, Vanwolleghem G, Hinckson E, et al. Cross- Continental 
comparison of the association between the physical environment 
and active transportation in children: a systematic review. Int J Behav 
Nutr Phys Act 2015;12:145.

 20 Hardy LL, Mihrshahi S, Drayton BA, et al. NSW schools physical 
activity and nutrition survey (spans) 2015. Sydney: NSW Department 
of Health, 2016.

 21 Bell L, Ullah S, Olds T, et al. Prevalence and socio- economic 
distribution of eating, physical activity and sedentary behaviour 
among South Australian children in urban and rural communities: 
baseline findings from the opal evaluation. Public Health 
2016;140:196–205.

 22 Merom D, Tudor- Locke C, Bauman A, et al. Active commuting to 
school among NSW primary school children: implications for public 
health. Health Place 2006;12:678–87.

 23 Pont K, Ziviani J, Wadley D, et al. Environmental correlates of 
children's active transportation: a systematic literature review. Health 
Place 2009;15:849–62.

 24 Gutiérrez- Zornoza M, Sánchez- López M, García- Hermoso A, et al. 
Active commuting to school, weight status, and cardiometabolic risk 
in children from rural areas: the Cuenca study. Health Educ Behav 
2015;42:231–9.

 25 Giles- Corti B, Wood G, Pikora T, et al. School site and the potential 
to walk to school: the impact of street connectivity and traffic 
exposure in school neighborhoods. Health Place 2011;17:545–50.

 26 McCrorie PRW, Fenton C, Ellaway A. Combining GPS, GIS, and 
accelerometry to explore the physical activity and environment 
relationship in children and young people - a review. Int J Behav Nutr 
Phys Act 2014;11:93.

 27 Ding D, Sallis JF, Kerr J, et al. Neighborhood environment 
and physical activity among youth a review. Am J Prev Med 
2011;41:442–55.

 28 Sarmiento OL, Lemoine P, Gonzalez SA, et al. Relationships between 
active school transport and adiposity indicators in school- age 
children from low-, middle- and high- income countries. Int J Obes 
Suppl 2015;5:S107–14.

 29 von Elm E, Altman DG, Egger M, et al. The strengthening the 
reporting of observational studies in epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Int J Surg 
2014;12:1495–9.

 30 Australian Bureau of Statistics. Population - Local Government Area, 
Victoria, TableBuilder. Findings based on use of ABS TableBuilder 
data, 2016. Available: https://www. abs. gov. au/ websitedbs/ 
censushome. nsf/ home/ tablebuilder

 31 Allender S, Millar L, Hovmand P, et al. Whole of systems trial of 
prevention strategies for childhood obesity: who stops childhood 
obesity. Int J Environ Res Public Health 2016;13:1143.

 32 Whelan J, Strugnell C, Allender S, et al. Protocol for the measurement 
of changes in knowledge and engagement in the stepped wedge 
cluster randomised trial for childhood obesity prevention in Australia: 
(reflexive evidence and systems interventions to prevent obesity and 
non- communicable disease (respond)). Trials 2020;21:763.

 33 Crooks N, Strugnell C, Bell C, et al. Establishing a sustainable 
childhood obesity monitoring system in regional Victoria. Health 
Promot J Austr 2017;28:96–102.

 34 Strugnell C, Orellana L, Hayward J, et al. Active (Opt- In) consent 
underestimates mean BMI- z and the prevalence of overweight and 
obesity compared to passive (Opt- Out) consent. Evidence from the 
healthy together Victoria and childhood obesity study. Int J Environ 
Res Public Health 2018;15. doi:10.3390/ijerph15040747. [Epub 
ahead of print: 13 Apr 2018].

 35 de Onis M, Onyango AW, Borghi E, et al. Development of a who 
growth reference for school- aged children and adolescents. Bull 
World Health Organ 2007;85:660–7.

 36 Card A, Manske S, Mammen G. Core indicators and measures 
of youth health physical activity & sedentary behaviour module: 
indicators and questions to use with youth respondents and/or 
school setting assessments. St John’s, Newfoundland and Labrador: 
Memorial University of Newfoundland, 2012.

 37 Wong SL, Leatherdale ST, Manske SR. Reliability and validity of a 
school- based physical activity questionnaire. Med Sci Sports Exerc 
2006;38:1593–600.

 38 Commonwealth Department of Health. Australia’s physical activity 
and sedentary behaviour guidelines for children (5–12 years), 2014. 
Available: https:// extranet. who. int/ ncdccs/ Data/ AUS_ B11_ National% 
20Physical% 20Activity% 20Guidelines% 20for% 20children% 205- 
12yrs. pdf

 39 AURIN. Catchment generator, 2019. Available: https:// aurin. org. au/ 
resources/ workbench- user- guides/ portal- user- guides/ analysing- 
your- data/ walkability- tools/ catchment- generator/

 40 Panter J, Corder K, Griffin SJ, et al. Individual, socio- cultural and 
environmental predictors of uptake and maintenance of active 
commuting in children: longitudinal results from the speedy study. Int 
J Behav Nutr Phys Act 2013;10:83.

 41 Aurin. Aurin: Walkability index with gross density (regions), 2019. 
Available: https:// aurin. org. au/ resources/ workbench- user- guides/ 
portal- user- guides/ analysing- your- data/ walkability- tools/ walkability- 
index- around- points/#

 42 Frank LD, Sallis JF, Saelens BE, et al. The development of a 
walkability index: application to the neighborhood quality of life 
study. Br J Sports Med 2010;44:924–33.

 43  data. vic. gov. au. Victorian government, 2021. Available: http:// 
services. land. vic. gov. au/ catalogue/ metadata? anzlicId= 
ANZVI0803003642& publicId= guest& extractionProviderId= 1# tab1

 44 Bader MDM, Mooney SJ, Bennett B, et al. The promise, 
practicalities, and perils of virtually auditing neighborhoods using 
Google street view. Ann Am Acad Pol Soc Sci 2017;669:18–40.

 45 Australian Statistical Geography Standard (ASGS). The Australian 
statistical geography standard (ASGS) remoteness structure, 2016. 
Available: http://www. abs. gov. au/ websitedbs/ D3310114. nsf/ home/ 
remoteness+ structure

 46 University of Adelaide. Australian Bureau of statistics ARIA 
(Accessibility/Remoteness index of Australia), 2016. Available: 
https://www. adelaide. edu. au/ apmrc/ research/ projects/ category/ 
about_ aria. html

 47 ACARA my Schools. My school – terms of use, 2019. Available: 
https://www. myschool. edu. au/

 48 Environmental Systems Research Institute. ESRI: ArcGIS 10.2.2 for 
desktop. Redlands, CA: Environmental Systems Research Institute, 
2014.

 49 StataCorp. Stata statistical software: release 15. College Station TSL: 
StataCorp, 2017.

 50 Jacobs J, Alston L, Needham C, et al. Variation in the physical 
activity environment according to area- level socio- economic 
position- A systematic review. Obes Rev 2019;20:686–700.

 51 Morrissey B, Allender S, Strugnell C. Dietary and activity factors 
influence poor sleep and the Sleep- Obesity nexus among children. 
Int J Environ Res Public Health 2019;16:1778.

 52 Boscoe FP, Henry KA, Zdeb MS. A nationwide comparison of driving 
distance versus straight- line distance to hospitals. Prof Geogr 
2012;64:188–96.

 53 Rodríguez- López C, Salas- Fariña ZM, Villa- González E, et al. The 
threshold distance associated with walking from home to school. 
Health Educ Behav 2017;44:857–66.

 54 Sharman SJ, Skouteris H, Powell MB, et al. Factors related to the 
accuracy of self- reported dietary intake of children aged 6 to 12 
years elicited with interviews: a systematic review. J Acad Nutr Diet 
2016;116:76–114.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-045785 on 2 July 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.healthplace.2016.10.004
http://dx.doi.org/10.1007/s13679-015-0178-3
http://dx.doi.org/10.1007/s13679-015-0178-3
http://dx.doi.org/10.1111/obr.12352
http://dx.doi.org/10.1111/j.1467-789X.2010.00784.x
http://dx.doi.org/10.1016/j.pedhc.2014.10.001
http://dx.doi.org/10.1016/j.pedhc.2014.10.001
http://dx.doi.org/10.1186/1471-2458-13-1191
http://dx.doi.org/10.1016/j.jsams.2019.06.009
http://dx.doi.org/10.1038/ijosup.2015.26
http://dx.doi.org/10.1123/jpah.2011-0345
http://dx.doi.org/10.1123/jpah.2011-0345
http://dx.doi.org/10.1186/1479-5868-5-34
http://dx.doi.org/10.1186/1479-5868-5-34
http://dx.doi.org/10.1123/pes.21.4.520
http://dx.doi.org/10.1186/s12966-015-0308-z
http://dx.doi.org/10.1186/s12966-015-0308-z
http://dx.doi.org/10.1016/j.puhe.2016.06.022
http://dx.doi.org/10.1016/j.healthplace.2005.09.003
http://dx.doi.org/10.1016/j.healthplace.2009.02.002
http://dx.doi.org/10.1016/j.healthplace.2009.02.002
http://dx.doi.org/10.1177/1090198114549373
http://dx.doi.org/10.1016/j.healthplace.2010.12.011
http://dx.doi.org/10.1186/s12966-014-0093-0
http://dx.doi.org/10.1186/s12966-014-0093-0
http://dx.doi.org/10.1016/j.amepre.2011.06.036
http://dx.doi.org/10.1038/ijosup.2015.27
http://dx.doi.org/10.1038/ijosup.2015.27
http://dx.doi.org/10.1016/j.ijsu.2014.07.013
https://www.abs.gov.au/websitedbs/censushome.nsf/home/tablebuilder
https://www.abs.gov.au/websitedbs/censushome.nsf/home/tablebuilder
http://dx.doi.org/10.3390/ijerph13111143
http://dx.doi.org/10.1186/s13063-020-04692-6
http://dx.doi.org/10.1071/HE16020
http://dx.doi.org/10.1071/HE16020
http://dx.doi.org/10.3390/ijerph15040747
http://dx.doi.org/10.3390/ijerph15040747
http://dx.doi.org/10.2471/BLT.07.043497
http://dx.doi.org/10.2471/BLT.07.043497
http://dx.doi.org/10.1249/01.mss.0000227539.58916.35
https://extranet.who.int/ncdccs/Data/AUS_B11_National%20Physical%20Activity%20Guidelines%20for%20children%205-12yrs.pdf
https://extranet.who.int/ncdccs/Data/AUS_B11_National%20Physical%20Activity%20Guidelines%20for%20children%205-12yrs.pdf
https://extranet.who.int/ncdccs/Data/AUS_B11_National%20Physical%20Activity%20Guidelines%20for%20children%205-12yrs.pdf
https://aurin.org.au/resources/workbench-user-guides/portal-user-guides/analysing-your-data/walkability-tools/catchment-generator/
https://aurin.org.au/resources/workbench-user-guides/portal-user-guides/analysing-your-data/walkability-tools/catchment-generator/
https://aurin.org.au/resources/workbench-user-guides/portal-user-guides/analysing-your-data/walkability-tools/catchment-generator/
http://dx.doi.org/10.1186/1479-5868-10-83
http://dx.doi.org/10.1186/1479-5868-10-83
https://aurin.org.au/resources/workbench-user-guides/portal-user-guides/analysing-your-data/walkability-tools/walkability-index-around-points/#
https://aurin.org.au/resources/workbench-user-guides/portal-user-guides/analysing-your-data/walkability-tools/walkability-index-around-points/#
https://aurin.org.au/resources/workbench-user-guides/portal-user-guides/analysing-your-data/walkability-tools/walkability-index-around-points/#
http://dx.doi.org/10.1136/bjsm.2009.058701
http://services.land.vic.gov.au/catalogue/metadata?anzlicId=ANZVI0803003642&publicId=guest&extractionProviderId=1#tab1
http://services.land.vic.gov.au/catalogue/metadata?anzlicId=ANZVI0803003642&publicId=guest&extractionProviderId=1#tab1
http://services.land.vic.gov.au/catalogue/metadata?anzlicId=ANZVI0803003642&publicId=guest&extractionProviderId=1#tab1
http://dx.doi.org/10.1177/0002716216681488
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/remoteness+structure
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/remoteness+structure
https://www.adelaide.edu.au/apmrc/research/projects/category/about_aria.html
https://www.adelaide.edu.au/apmrc/research/projects/category/about_aria.html
https://www.myschool.edu.au/
http://dx.doi.org/10.1111/obr.12818
http://dx.doi.org/10.3390/ijerph16101778
http://dx.doi.org/10.1080/00330124.2011.583586
http://dx.doi.org/10.1177/1090198116688429
http://dx.doi.org/10.1016/j.jand.2015.08.024
http://bmjopen.bmj.com/


10 Jacobs J, et al. BMJ Open 2021;11:e045785. doi:10.1136/bmjopen-2020-045785

Open access 

 55 Boone- Heinonen J, Gordon- Larsen P, Guilkey DK, et al. Environment 
and physical activity dynamics: the role of residential self- selection. 
Psychol Sport Exerc 2011;12:54–60.

 56 Jones A, Hillsdon M, Coombes E. Greenspace access, use, and 
physical activity: understanding the effects of area deprivation. Prev 
Med 2009;49:500–5.

 57 Kessel A, Green J, Pinder R, et al. Multidisciplinary research in public 
health: a case study of research on access to green space. Public 
Health 2009;123:32–8.

 58 Svastisalee C, Schipperijn J, Hostein BE, et al. Exposure to 
physical activity resources by neighborhood sociodemographic 
characteristics in Copenhagen. J Phys Act Health 2012;9:1065–73.

 59 Ellaway A, Kirk A, Macintyre S, et al. Nowhere to play? the 
relationship between the location of outdoor play areas and 
deprivation in Glasgow. Health Place 2007;13:557–61.

 60 Engelberg JK, Conway TL, Geremia C, et al. Socioeconomic and 
race/ethnic disparities in observed Park quality. BMC Public Health 
2016;16:1–11.

 61 Ogilvie D, Lamb KE, Ferguson NS, et al. Recreational physical 
activity facilities within walking and cycling distance: sociospatial 
patterning of access in Scotland. Health Place 2011;17:1015–22.

 62 Schneider S, D'Agostino A, Weyers S, et al. Neighborhood 
Deprivation and Physical Activity Facilities - No Support for 
the Deprivation Amplification Hypothesis. J Phys Act Health 
2015;12:990–7.

 63 Macdonald L, McCrorie P, Nicholls N, et al. Walkability around 
primary schools and area deprivation across Scotland. BMC Public 
Health 2016;16:328.

 64 Lee BY, Bartsch SM, Mui Y, et al. A systems approach to obesity. 
Nutr Rev 2017;75:94–106.

 65 Meron D, Rissel C, Reinten- Reynolds T, et al. Changes in active 
travel of school children from 2004 to 2010 in New South Wales, 
Australia. Prev Med 2011;53:408–10.

 66 Leslie E, Coffee N, Frank L, et al. Walkability of local communities: 
using geographic information systems to objectively assess relevant 
environmental attributes. Health Place 2007;13:111–22.

 67 Carver A, Panter JR, Jones AP, et al. Independent mobility on the 
journey to school: a joint cross- sectional and prospective exploration 
of social and physical environmental influences. Journal of Transport 
& Health 2014;1:25–32.

 68 Giles- Corti B, Kelty SF, Zubrick SR, et al. Encouraging walking for 
transport and physical activity in children and adolescents: how 
important is the built environment? Sports Med 2009;39:995–1009.

 69 Trapp GS, Giles- Corti B, Christian HE, et al. Villaneuva KP: Increasing 
children’s physical activity: individual, social, and environmental 
factors associated with walking to and from school. Health Educat 
Behav 2012;39:172–82.

 70 Gustat J, Richards K, Rice J, et al. Youth walking and biking rates 
vary by environments around 5 Louisiana schools. J Sch Health 
2015;85:36–42.

 71 Harten N, Olds T. Patterns of active transport in 11-12 year old 
Australian children. Aust N Z J Public Health 2004;28:167–72.

 72 Su JG, Jerrett M, McConnell R, et al. Factors influencing whether 
children walk to school. Health Place 2013;22:153–61.

 73 Rothman L, To T, Buliung R, et al. Influence of social and built 
environment features on children walking to school: an observational 
study. Prev Med 2014;60:10–15.

 74 van Loon J, Frank LD, Nettlefold L, et al. Youth physical activity and 
the neighbourhood environment: examining correlates and the role of 
neighbourhood definition. Soc Sci Med 2014;104:107–15.

 75 Kerr J, Frank L, Sallis JF, et al. Predictors of trips to food 
destinations. Int J Behav Nutr Phys Act 2012;9:58.

 76 Thornton LE, Crawford DA, Lamb KE, et al. Where do people 
purchase food? a novel approach to investigating food purchasing 
locations. Int J Health Geogr 2017;16:9.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-045785 on 2 July 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.psychsport.2009.09.003
http://dx.doi.org/10.1016/j.ypmed.2009.10.012
http://dx.doi.org/10.1016/j.ypmed.2009.10.012
http://dx.doi.org/10.1016/j.puhe.2008.08.005
http://dx.doi.org/10.1016/j.puhe.2008.08.005
http://dx.doi.org/10.1123/jpah.9.8.1065
http://dx.doi.org/10.1016/j.healthplace.2006.03.005
http://dx.doi.org/10.1186/s12889-016-3055-4
http://dx.doi.org/10.1016/j.healthplace.2011.07.003
http://dx.doi.org/10.1123/jpah.2014-0034
http://dx.doi.org/10.1186/s12889-016-2994-0
http://dx.doi.org/10.1186/s12889-016-2994-0
http://dx.doi.org/10.1093/nutrit/nuw049
http://dx.doi.org/10.1016/j.ypmed.2011.09.017
http://dx.doi.org/10.1016/j.healthplace.2005.11.001
http://dx.doi.org/10.1016/j.jth.2013.12.003
http://dx.doi.org/10.1016/j.jth.2013.12.003
http://dx.doi.org/10.2165/11319620-000000000-00000
http://dx.doi.org/10.1111/josh.12220
http://dx.doi.org/10.1111/j.1467-842x.2004.tb00931.x
http://dx.doi.org/10.1016/j.healthplace.2013.03.011
http://dx.doi.org/10.1016/j.ypmed.2013.12.005
http://dx.doi.org/10.1016/j.socscimed.2013.12.013
http://dx.doi.org/10.1186/1479-5868-9-58
http://dx.doi.org/10.1186/s12942-017-0082-z
http://bmjopen.bmj.com/

	Is the physical activity environment surrounding primary schools associated with students’ weight status, physical activity or active transport, in regional areas of Victoria, Australia? A cross-sectional study
	ABSTRACT
	Background
	Methods
	Study design
	Setting
	Participants
	Weight status
	Physical activity behaviours and demographic questions
	PA environment
	Remoteness
	Socioeconomic position
	Data analysis
	Patient and public involvement

	Results
	Discussion
	Conclusions
	References


