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ABSTRACT

Objectives Active travel to school (ATS)-associated
factors had been studied in some developed countries but
rarely in China. We studied the associated factors of ATS
at individual, parental and built environment domains in
northeast China.

Design and participants A cross-sectional survey

was conducted among 4-6 grade students in 2017.
Sociodemographic features and information of parents
were collected using questionnaires, and SuperMap (a
geographical information system software) was used

to catch built environment features. Logistic regression
models were used to examine the relationship between
multilevel factors and ATS.

Results Our study sample comprised 3670 primary
school students aged from 8 to 15 (boys=51.0%,
ATS=48.8%). Perceived to be fat (OR 1.25, 95% Cl 1.00 to
1.55, p<0.05), feeling easy to walk for a short distance (OR
1.63, 95% Cl 1.21 t0 2.20, p<0.05), mother unemployed
(OR 1.52,95% Cl 1.13 to 2.06, p<0.05), higher land use
mix (OR 1.23,95% CI 1.11 to 1.37, p<0.001) and higher
density of public transport stations (OR 1.22, 95% Cl 1.09
t0 1.37, p<0.05) were positively associated with increased
possibility of ATS, while higher household annual income
(OR 0.60, 95% Cl 0.44 to 0.83, p<0.05) and possession of
private vehicles (OR 0.56, 95% CI 0.45 to 0.69, p<0.001)
were negatively associated with possibility of ATS.
Conclusions The significant factors associated with ATS
were at every examined level, which implies multilevel
interventions are needed to encourage ATS. Further
interventions could focus on the children’s willingness

to lead students to opt for healthy behaviours, and
children from wealthier families should be encouraged to
choose ATS. Also, the government should improve built
environment walkability so as to encourage ATS.

INTRODUCTION

Higher levels of physical activity (PA)
correlates positively with better physical and
psychological health,' which can protect chil-
dren from cardiovascular diseases, obesity,
metabolic syndrome and mental health

,! Yang Liu,' Shenzhi Song," Joel Gittelsohn,? Miranda Ouellette,®

Strengths and limitations of this study

» Using geographical information system to get the
objective features of the built environment.

» Combined objective and perceived features of the
built environment.

» Study influencing factors of active travel to school
from various domains.

» Short of evidence for cause and effect in cross-
sectional study.

» Lacking measurement of nature environment around
household and parental accompanying neighbour-
hood safety.

problems later in life.” WHO has recom-
mended that children and adolescents
aged 5-17 years engage in at least 60 min
of moderate-to-vigorous PA daily.” However,
the number of Chinese children and adoles-
cents who reach the WHO-recommended PA
level has decreased since 1997.*° Data from a
2017 national survey showed that only 34.1%
of children and adolescents met the 60 min
recommended daily PA level.”

Active travel to school (ATS), a low-cost
and sustainable health behaviour, is one
of the ways to contribute to a higher level
of PA.%7 ATS is defined as walking, cycling
and other forms of travelling to school (eg,
skateboarding, in-line skating or cross-
country skiing) which consume energy.’
Although the evidence that ATS improves
health is still mixed,8 % some studies indi-
cated that ATS was related to increased
cardiorespiratory fitness'” '' and could
lead to a healthier body composition and
metabolic profile.12 One study noted that
promoting and maintaining ATS could be a
necessary component of a healthy lifestyle,
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and children engaging in ATS were more likely to be
healthier in adulthood."

Unfortunately, a worldwide decline in ATS has been
observed."* The prevalence of ATS among children aged
5-14 years old declined from 47.7% in 1969 to 12.7%
in 2009 in the USA,"” and from 44.2%-57.7% in 1971
to 21.1%-25.5% during 1999-2003 in Australia.'® Also,
the proportion of children in Scotland walking, scooting
or cycling to school has slightly decreased from 45.8%
to 41.0% in the last 10 years.'” A study by Yang et al'®
concluded that the percentage of children engaged in
ATS markedly declined from 95.8% in 1997 to 69.3% in
2011 in China. As levels of ATS declined, it is important
to identify factors associated with ATS in order to employ
interventions to promote ATS.

Ecological models provide a comprehensive frame-
work for promoting ATS in children." Sallis developed
a multidomain model of active living with effects on each
domain." Children’s active behaviours are influenced at
various levels by a range of individual, social, built environ-
mental factors and so on.'**! However, the influencing
factors to be included in each domain are still being
described. While some existing research suggests that
child age and gender (individual domain) might relate
to ATS," ** other work has reported no association.'?* **
Most studies of the household domain have showed that
with lower household income, lower parental education
and lack of a private vehicle in the home, children were
more likely to choose ATS."® **® At the level of the built
environment (BE) domain, factors such as land use mix,
residential density and intersection density, could influ-
ence the prevalence of ATS.?”” * Also, parents control
their children’s travelling behaviour to a great extent,”
and parents’ perceived trafficrelated and crime-related
safety, play an important role in permitting and encour-
aging ATS.*?

Few studies have comprehensively looked at the
multiple domains of factors associated with ATS on the
basis of ATS ecological models in China, and none have
been conducted in Chinese mainland. A recent case study
conducted in a primary school in Hong Kong reported
ATS associated factors of sociodemographic and envi-
ronment in neighbourhood.” The authors pointed out
that further studies might focus on multilevel contribu-
tors such as perceived neighbourhood safety and lifestyle
attitude.” In addition, in the studies aimed to explore
the determinants of ATS among students in Beijing, they
did not set up the models with relatively comprehensive
influences, especially with a lack of perceptive environ-
mental factors.?’ # Thus, the aims of our study are to:
(1) explore multilevel factors associated with ATS from
individual, parental and BEs domains in a sampling of
primary school students from Shenyang; and (2) explore
the perceived traffic safety and crime safety issues of
highest concern to parents in Shenyang and their associ-
ation with ATS.

METHODS
Study design
Data were collected from students in fourth to sixth grade
and their parents among 26 elementary schools in Shen-
yang City, China in 2017. Shenyang is the capital city of
Liaoning province. The total area of Shenyang is 12 942
km® and consists of 13 administrative districts. By 2019,
the number of permanent residents was 8.32 million.
Two schools from each of the 13 administrative
districts of Shenyang were selected randomly and one
class from each grade of each school was included. In
China, students are assigned to classes randomly, which
maximises the representativeness of the samples in this
study. The questionnaires contained two parts: children’s
section and parental section, which were completed by
children and parents separately (online supplemental file
1). In order to avoid children’s misunderstanding of the
questionnaires, all the words used in the children section
were at grade levels 4-6. In addition, some assistants were
trained by investigators so as they could explain to the
children if they had some difficulties understanding ques-
tions in the children section of the questionnaire. Ques-
tionnaires were delivered to parents by their children and
then taken back to school within 3 days. Trained survey
assistants would examine the quality of the answers, and
those uncompleted would be asked to answer again. And
all of the children and their parents were invited to partic-
ipate and could quit the study anytime. All the partici-
pants provided fully informed written consent.

Measurements and variables definitions

Active travel to school

For our study, ATS was measured with the children’s
questionnaire which asked, ‘how do you usually travel to
school?” Children who chose walking or riding a bicycle
to school were categorised into the ATS group.

Ecological model of ATS

The influencing factors could be categorised into
individual-level influences, household-level influences,
surrounding BE influences in our study.

Individual domain

Information of age, gender and children’s health atti-
tudes was collected through the children’s section
in the questionnaires. Children were stratified into
four groups according to the distribution of age (<9,
10, 11, >212). Weight was measured using a portable
Tanita DC-430MA dual frequency body composi-
tion monitor (TANITA Corporation, Tokyo, Japan)
and standing height by a Seca 213 portable stadiom-
eter (Hamburg, Germany). Body mass index (BMI)
was calculated as weight (kg) divided by height (m)
squared. Overweight/obesity was defined according to
the cut-off BMI recommended by the Working Group
on Obesity in China, as P85, based on data collection
by the Chinese National Survey on Students Constitu-
tion and Health on students aged 7-18. The Physical
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Activity Questionnaire for Children (PAQ-C) was used
to estimate the children’s PA level. The mean score of
the items in PAQ-C is categorised into three different
levels according to previous study: (1) >3.66, high; (2)
2.33-3.66, moderate; (3) <2.33, low.” Children’s self-
perceptions were assessed through two questions: (1)
please describe your body shape; (2) is it difficult for
you to choose to walk to destination in short distance?
Self-perception of body shape had five options,
including pretty thin, a little bit thin, just, a little bit fat
and pretty fat. Those that answered pretty thin, a little
bit thin, just were classified as ‘Non-fat self-perception’
and others as ‘Fat self-perception’. As for their attitude
towards active commuting, it contained four options,
including pretty difficult, difficult, easy and pretty
easy. The children who answered ‘pretty difficult’ and
‘difficult’ were classified as ‘Difficult to choose’, and
others as ‘Easy to choose’.

Household domain

Information of the father’s and mother’s education
degree and work status, as well as household annual
income and possession of a private vehicle, was collected
via parental section. Education degree was dichotomised
based on whether parents had finished compulsory
education, which includes 6 years of primary education
and 3 years of junior secondary education (junior middle
school). Parents’ work status was divided into two cate-
gories, ‘unemployed’ and ‘employed’. Household annual
income was categorised as < or >RMB10 000 and posses-
sion of at least one private vehicle.

Built environmental domain

The detailed household addresses information was
collected in the parent’s section. Based on the accurate
information of household address, the surrounding BE
was measured by SuperMap geographical information
system (GIS) 9D, a GIS software. Participants’ house-
hold addresses were geocoded using their detailed
address information gotten from questionnaire. Infor-
mation on BE includes distances from household to
school (collapsed by 1500 m into two categories consis-
tent with parental reported approximate walking
distance for Children,34 residential density, land use
mix, intersection density and density of public traffic
stations around the household within a 1 km radius.
The definitions of residential density, land use mix,
intersection density and density of public traffic
stations were shown in online supplemental file 2. A
study found that residents with higher land use mix,
residents from communities with higher density and
greater connectivity reported higher rate of walking/
cycling.” This finding on the importance of BE has
also been supported for specific age groups, including
youth.”®® In addition, a recent system review indi-
cated that public transportation had positive effects on
PA behaviours.* Therefore, we included residential
density, land use mix, intersection density and density
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Table 2 Individual factors associated with ATS among 4-6 grade students from 26 primary schools in Shenyang (N=3670)
Univariate model Multivariate model
P value OR, 95% ClI P value OR, 95% ClI

Age

>9 Ref Ref Ref Ref

10 0.535 0.91 (0.68 to 1.22) 0.470 0.89 (0.66 to 1.21)

11 0.400 1.14 (0.84 to 1.53) 0.331 1.16 (0.86 to 1.57)

>12 0.033 1.40 (1.03 to 1.90) 0.052 1.36 (1.00 to 1.86)
Gender

Boy Ref Ref = =

Girl 0.197 0.90 (0.76 to 1.06) - -
Weight status

Normal Ref Ref - -

Overweight and obesity 0.482 1.07 (0.89 to 1.27) - -
Level of physical activity

Low intensity physical activity Ref Ref - -

Moderate intensity physical activity 0.105 0.87 (0.73 to 1.03) - -

Vigorous intensity physical activity 0.551 0.78 (0.34 to 1.78) = =
Self-description of body shape

Non-fat Ref Ref Ref Ref

Fat 0.027 1.22 (1.02 to 1.47) 0.029 1.23 (1.02 to 1.47)
Walk to destination in short distance travel

Difficult to choose Ref Ref Ref Ref

Easy to choose <0.001 1.78 (1.38 to 2.30) <0.001 1.79 (1.39 to 2.32)
Distance from home to school (metre)

<1500 Ref Ref Ref Ref

>1500 <0.001 0.13 (0.11 to 0.16) <0.001 0.13 (0.11 to 0.16)

Adjusted by distance from household to school (1500m)
Results in bold indicate statistical significance at p-value <0.05.
ATS, active travel to school.

of public traffic stations as indicators of BE in this ATS
study. In addition, z score of residential density, land
use mix, intersection density and density of public
traffic stations was used for analysis.

Parents’ perceived neighbourhood safety, including
traffic safety and crime safety, was measured by neighbour-
hood safety subscales of Neighbourhood Environment
Walkability Scale-Youth (NEWS-Y) Parent Version (Avail-
able on: https://drjimsallis.org/Documents/Measures_
documents/NEWS_Y_parent.pdf). The subscale of traffic
safety contains seven questions and each question is
measured on a 4-point Likert scale with options being
(1) strongly disagree; (2) somewhat disagree; (3) some-
what agree and (4) strongly agree. Items 2 and 4-6 were
reverse coded. A higher mean code of these seven items
denotes lower traffic safety, which signifies parents think
the traffic around their household is unsafe for their chil-
dren. The crime safety subscale consists of six items which
are valued in the same way. The higher mean code of
these six items denotes lower crime safety, which signifies

parents think the environment around their household is
unsafe for their child because of crime.

Statistical analysis

STATA V.14.0 was used to analyse the data. First, * test
and non-parametric Kruskal-Wallis test were used to iden-
tify significant differences between age groups for categor-
ical variables and continuous variables separately. Logistic
regression model was used to examine the relationship
between multilevel factors and ATS. The regression model-
ling controlled the distance from household to school,
because it has been proved to be strongly associated with
ATS in previous studies,” " (online supplemental file 3),
included three steps. First, each individual, parental and
built environmental factor, together with distance from
household to school, was examined regarding its relation-
ship with ATS one at a time (univariate test) and was used to
create a series of univariate models. Second, all significant
individual variables from the univariate model and distance
from household to school were added together to generate

6
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Table 3 Household factors associated with ATS among 4-6 grade students from 26 primary schools in Shenyang

Univariate model

Multivariate model

P value OR, 95% ClI P value OR, 95% ClI

Father’s education level

No higher than junior high school Ref Ref - -

Higher than junior high school 0.653 0.96 (0.81 to 1.14) - -
Mother’s education level

No higher than junior high school Ref Ref - -

Higher than junior high school 0.581 0.95 (0.80to 1.12) - -
Father’s work status

Unemployed Ref Ref - -

Employed 0.521 0.88 (0.59 to 1.31) - -
Mother’s work status

Unemployed Ref Ref Ref Ref

Employed 0.027 1.32 (1.03to 1.68) 0.019 1.37 (1.05 to0 1.79)
Household annual income (RMB)

<RMB100 000 Ref Ref Ref Ref

>RMB100 000 0.001 0.62 (0.47to 0.83) 0.041 0.73 (0.55to0 0.99)
Private vehicle

0 Ref Ref Ref Ref

>1 <0.001 0.54 (0.45to 0.64) <0.001 0.56 (0.46to 0.68)
Distance from home to school (metre)

<1500 Ref Ref Ref Ref

>1500 <0.001 0.13 (0.11to0 0.16) <0.001 0.13 (0.11 to 0.16)

Adjusted by distance from household to school (1500m)
Results in bold indicate statistical significance at p-value <0.05.
ATS, active travel to school.

the individual multivariate model. The same processes were
implied to generate the parental multivariate model and
BE multivariate model. Finally, all significant variables from
the individual multivariate model, parental multivariate
model and BE multivariate model were used to generate a
multilevel model. Significance was set at the 0.05 level.

Patient and public involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor involved in the design,
implementation of the study, reporting or dissemination
plans of our research. Also, the public did not participate
in the design, implementation of the study, reporting or
dissemination plans of our research.

RESULTS

Table 1 provides an overview of the descriptive statistics
for children, parental and BE characteristics. At first,
3863 students from grade 4 to grade 6 were included.
After quality examination, 3670 children (aged 8-15 years
old) completed questionnaires in total, and 51.0% of the
subjects were boys. 48.8% of the children reported walking
or riding a bicycle to school. The median of BMI was

17.96, with an overall prevalence of overweight/obesity
being 31.6%, defined by BMI. The rates of children who
reached moderate intensity PA and vigorous intensity PA
were 37.2% and 1.3%. 66.8% of the children thought they
were ‘Not fat’, and it was easy for 87.3% of the students to
walk to their destination over a short distance.

The majority of fathers and mothers had a junior high
school education or less, 52.9% and 53.6%, respectively.
Only 6.0% fathers and 15.2% mothers were unemployed,
and 9.9% of families earned more than RMB100 000 a
year, while 63.0% had at least one private vehicle.

The perceived parental neighbourhood safety ques-
tions consisted of traffic safety and crime safety, with 2.29
and 2.33 as median of traffic safety score and crime safety
score. Within subscale of neighbourhood safety, ‘Slow
traffic speed’ and ‘Child alone or with friends in a local
park taken or hurt by a stranger’ were of most concern,
with a median of 3.00 both. Distance from home to school
was divided by 1500 m, with the prevalence being 61.5%
less than 1500 m and 38.6% more than 1500 m. The
median of residential density, land use mix, intersection
density and public transport stations was 7.97, 142.00,
13.00 and 1.33, respectively.

Wang Y, et al. BMJ Open 2022;12:¢047816. doi:10.1136/bmjopen-2020-047816



Age disparities were found in some aspects, including
gender, ATS, BMI, level of PAs, parent’s degree, parent’s
work status, possession of private vehicle, good lighting
at night, high crime rate, child being taken or hurt by a
stranger in local or nearby park, residential density and
land use mix. There were more boys than girls under 10
years old and more girls in the group older than 11 years
old. The prevalence of ATS and BMI increased with age.
And level of PA decreased along with the growth. The
younger children had better socioeconomic status because
of parental higher education with job and possession of
private cars. And younger children’s parents perceived
neighbourhood crime safety worse than the older group.
Also, younger group had a higher score of residential
density and land use mix around their households.

Associations with ATS by level

As shown in table 2, older children (=12 years old)
were more likely to choose ATS. If the children
thought they were fat (OR 1.23, 95% CI 1.02 to 1.47,
p<0.05) or it was easy for them to walk for short
distance (OR 1.79, 95% CI 1.38 to 2.03, p<0.001),
they were more likely to choose ATS. Interestingly,
there were no apparent differences in ATS between
boys and girls, or by different levels of PA. Also, the
difference in ATS between normal weight status and
overweight or obesity was insignificant. After all signif-
icant individual variables were included in one multi-
variate model, those perceived to be fat and felt easy
to choose to walk for short distance remained to asso-
ciate with increased ATS.

At the household level, having an unemployed mother
(OR=1.37, p<0.05), higher household annual income
(OR 0.73, 95% CI 0.55 to 0.99, p<0.05) and at least one
private vehicle (OR 0.56, 95% CI 0.46 to 0.68, p<0.001)

was associated with less ATS (table 3). These findings
remained significant in the combined household model.
At the BE domain in table 4, residential density-z score
(OR 1.17,95% CI 1.08 to 1.27, p<0.001), land use-z score
(OR 1.28, 95% CI 1.17 to 1.40, p<0.001), intersection
density-z score (OR 1.20, 95% CI 1.11 to 1.30, p<0.001),
public transport stations density-z score (OR 1.17, 95%
CI 1.07 to 1.29, p<0.05) and crime safety (OR 0.89, 95%
CI 0.80 to 0.99, p<0.05) were all associated with increased
child ATS. In the multivariate model, land use-z score
(OR 1.22,95% CI 1.11 to 1.35, p<0.05) and public trans-
portstations-z score (OR 1.16 (1.05 to 1.28), p<0.05) were
significantly associated with increased ATS. The safety
issue that parents are most concerned about was: ‘I am
worried about letting my child be alone or with friends in
alocal or nearby park because I am afraid my child will be
taken or hurt by a stranger (online supplemental file 4).

DISCUSSION

This was the first study to gather information concerning
ATS among children in China, and compared associ-
ations with factors at the individual, parental and built
environmental domains. Children perceived to be fat and
felt it was easy to walk for a short distance, mother unem-
ployed, higher land use mix and higher density of public
transport stations increased ATS, while higher house-
hold annual income and possession of private vehicles
decreased the possibility of ATS.

Individual domain

Consistent with other studies, primary school students
older than 12 years old were more likely to actively travel
to school than their younger counterparts.'®** This may be
because only those older than 12 years old are allowed to

Table 4 Built environment factors associated with ats among 4-6 grade students from 26 primary schools in Shenyang

Univariate model

Multivariate model

P value OR, 95% ClI P value OR, 95% CI

Residential density (Z score) <0.001 1.17 (1.08 to 1.27) 0.182 1.08 (0.96to 1.21)
Land use mix (Z score) <0.001 1.28 (1.17to 1.40) <0.001 1.22 (1.11to 1.35)
intersection density (Z score) <0.001 1.20 (1.11to 1.30) 0.183 1.07 (0.97to 1.18)
Density of public transport stations (Z score) 0.001 1.17 (1.07to 1.29) 0.005 1.16 (1.05to 1.28)
Traffic safety 0.766 0.97 (0.81 to 1.17) — —
Crime safety 0.039 0.89 (0.80 to 0.99) 0.152 0.91 (0.81 to0 1.03)
Distance from home to school (metre)

<1500 Ref Ref Ref Ref

>1500 <0.001 0.13 (0.11 to 0.16) <0.001 0.16 (0.13 to 0.20)

Multilevel associations with ATS.

The multivariate model was generated by combining the individual model, parental model and built environment model, retaining only
significant variables. All variables at all levels remained statistically significant with ATS in this model (table 5).

Adjusted by distance from household to school (1500m)
Results in bold indicate statistical significance at p-value <0.05.
ATS, active travel to school.

Wang Y, et al. BMJ Open 2022;12:¢047816. doi:10.1136/bmjopen-2020-047816


https://dx.doi.org/10.1136/bmjopen-2020-047816

Table 5. Combined multilevel analysis of individual,
parental and built environment and their association with
ATS

Pvalue OR, 95% CI

Self-description of body shape

Non-fat Ref Ref

Fat 0.046 1.25 (1.00 to 1.55)
Walk to destination in short distance travel

Difficult to choose Ref Ref

Easy to choose 0.001 1.63 (1.21 to 2.20)
Mother’s work status

Unemployed Ref Ref

Employed 0.006 1.52 (1.13to 2.06)
Household annual income (RMB)

<RMB100 000 Ref Ref

>RMB100 000 0.002 0.60 (0.44to0 0.83)
Private vehicle

0 Ref Ref

>1 <0.001 0.56 (0.45to0 0.69)

Land use mix (Z score) <0.001 1.23 (1.11to 1.37)

Density of public transport <0.001
stations (Z score)

1.22 (1.09to 1.37)

Distance from home to school (metre)
<1500 Ref Ref
>1500 <0.001 0.17 (0.13to 0.21)

Adjusted by distance from household to school (1500m)
Results in bold indicate statistical significance at p-value <0.05.
ATS, active travel to school.

ride a bicycle on the road according to traffic regulations
of China. There was no difference between gender in ATS,
which was consistent with previous studies of China and
UK'"®* and inconsistent with some USA studies.* ** As for
the gender difference, it was proved that boys were more
likely to travel to school actively in some USA studies.** **
In addition, caregivers’ preference of active commuting
and their familiarity of the environment around house-
hold might change the gender influence on the choice
of active mode to school.” On the other hand, a research
might provide potential explanation, which pointed out
that girls preferred to walk to and from school, however,
boys preferred to cycle to and from school.*® Therefore,
girls and boys might prefer different types of ATS, while
there was no gender difference on overall ATS prefer-
ence in China. An existing study reported children who
were dissatisfied with their body shaI?)e were less likely to
be satisfied with their level of PAs,*” which agreed with
our findings indicating that perception of self-body image
as overweight was positively related to preference of ATS.
It might be explained that children who were not satis-
fied with their body shape are more willing to be more
active to lose weight. As for those who felt easy to choose

to walk to destination in short distance, it is not a surprise
to see that they preferred to take active mode to school
since students studied in public school will be arranged to
the school nearby their households. To further motivate
ATS, health education related to self-perception of body
shape and health preference should be made and taught
to primary school students. By doing this, students would
potentially be more willing to take part in ATS, especially
those who are not satisfied with their current body shape.

Household domain

We found that household factors played an important
role in determining their children’s mode of travelling
to school.” Generally, higher level household annual
income and vehicle ownership were negatively related
to ATS, in accordance with existing studies.'® % Also,
maternal employment was positively related to ATS. This
finding was inconsistent with the previous studies indi-
cating that working mothers were more likely to drive
their children to school (compared with non-workers).*
A possible reason might be that mothers, as the principal
caregiver mostly in China, who were employed might
have a busier schedule than those unemployed so that
they could not drive their children to school.

Built environment domain

Our findings about the built environment are confirmed
by other studies about the role of built environmental
factors such as land use mix.*”” ** ** With the use of GIS
and NEWS-Y-Parent Version, both objective and subjec-
tive features, including residential density, land use
mix, intersection density, density of public transporta-
tion stations and parents’ perceived traffic safety as well
as crime safety, were examined and some modifiable
features were associated with ATS. Land use mix-z score
was significantly related to preference of ATS, which was
similar to previous studies.”” ** ** Interestingly, density of
public transportation stations-z score was found to be a
positive factor of ATS which was a novelty compared with
previous study. However, residential density and intersec-
tion density which were indicated as associated factors of
ATS in previous study were not significant in our study.* *
It might be because the traffic around households with
plenty of public transportation stations was busier and
people were more likely to walk/ride for short distances.
Parent-perceived neighbourhood safety was also a part of
built environment and in some non-China studies, the
neighbourhood parents perceived to be unsafe would
decrease the prevalence of ATS.* *°' However, the
parents’ perceived neighbourhood safety was not related
to ATS in our study. Among all the traffic safety items and
crime safety items, ‘Low traffic speed’ and ‘Child alone
or with friends in a local or nearby park taken or hurt by
a stranger’ were of highest concern to parents. The latter
one was showed to be related to inactive travel to school.
In a previous US study,” the average scores of traffic safety
and crime safety were much higher than that in our study.
And another Mexico study showed the ‘good lighting
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at night’ and ‘high crime rate’ were most of parents’
concern.” Hence, parents from different countries might
concern about different types of neighbourhood safety,
however, compared with USA, Chinese parents might
feel safer about the traffic and crime safety around their
household, which might help enhance children’s ATS.
The NEWS-Y might not be suitable for Chinese society
and studies could focus on the development of a Chinese
version of the NEWS-Y in the future. Also, some questions
about crime safety are related to friends accompanying,
however, parental accompanying mode was not assessed.
Our study indicated that children’s description of
their own body shape and healthy choice to walk for
short distances were positively related to ATS. A study
conducted among adolescents indicated that body shape
perception was strongly related to PAs,”* which is accor-
dance with our study. In addition, the results of a previous
study suggested that concerning body shape would
benefit motor performance among juveniles.” So further
intervention could focus on the children’s willingness to
lead students to opt for healthy behaviours. The related
parental factors indicated children from wealthier fami-
lies were more likely to take an inactive mode to school.
Thus, children from wealthier families should be encour-
aged to choose ATS. As for built environmental features
affecting ATS, the government should improve the land
use mix so as to encourage ATS. Additionally, increasing
perceived safety could help with the promotion of ATS to
some extent. The significant factors associated with ATS
were at every examined level, which implies multilevel
interventions are needed to encourage ATS.
Ourresearch conducted among primary school students
in Shenyang showed significant associations between
factors at multiple levels and ATS. Given the findings of
our study, health education for families may help increase
the prevalence of ATS, and wealthier household children
should receive targeted interventions to promote ATS.
Furthermore, providing a pedestrian-friendly built envi-
ronment (such as more land use mix and better neigh-
bourhood safety) may increase ATS. Therefore, further
interventions should be targeted on health education and
modifiable built environment features to increase ATS.
This study was not without limitations. First, the study
was a cross-sectional study which could not analyse
causality. Second, sampling regarding the natural environ-
mental features around households in Shenyang primary
school students is still needed to be studied its association
with ATS. Further cohort studies with large samplings
from different areas of China may help to study the rela-
tionship between ATS and its related factors and could
help examine its differences among regions in China.
Third, only independent and friend-accompanying mode
of neighbourhood safety were measured in the NEWS-Y,
however, parental accompanying neighbourhood safety
is also a crucial part needed to be concerned in further
research. There are also some strengths of this study. We
studied various factors associated with ATS from an indi-
vidual, parental and built environmental domains. Also,

we first used GIS and NEWS-Y to measure the objective
built environment characters and parents’ perceived
neighbourhood safety separately so as to study built envi-
ronmental factors associated with ATS.
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