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Objective. To determine the perceived neighborhood environment (NE) variables that are associated with physical activity (PA) in
urban areas in China. Methods. Parents of students at two junior high schools in Shanghai, one downtown and the other in the
suburbs, were recruited to participate in the study. They completed an International Physical Activity Questionnaire (IPAQ) and
Neighborhood Environment Walkability Scale-Abbreviated (NEWS-A) survey. Participant physical activity was also objectively
measured using accelerometers. Results. Participants from downtown areas were more positively associated with transportation PA
and leisure-time PA than respondents living in the suburbs. Residential density was found to be a significant positive predictor
of recreational or leisure-based PA. Street connectivity was negatively associated with leisure time PA for respondents. Moderate-
vigorous PA was found to be negatively associated with traffic safety. There were no significant associations between environmental
factors and transportation PA. Women had higher levels of moderate-vigorous PA than men. Conclusions. The results of this study
demonstrate that residential density, street connectivity, and traffic safety have a significant impact on Chinese middle-aged adults’

PA, suggesting urban planning strategies for promoting positive public health outcomes.

1. Introduction

Much research has identified and quantified the health
benefits of physical activity (PA) [1]. For example, increased
PA has been found to reduce the risk of cardiovascular
diseases, diabetes, cancers, osteoporosis, and depression [2].
One interesting trend found in countries with emergent
economies is a consistent decline of PA associated with
economic development [3]. China is experiencing a process
of transition from a developing country to a developed one,
with increases in urbanization/urban living and associated
increases of physical inactivity [4, 5]. For example, average
weekly physical activity among adults in China fell by 32%
between 1991 and 2006 [5] and car ownership increased from
0.5% to 13.1% between 2000 and 2010 [6]. Some variation
with age has been identified: participation in exercise by all
Chinese residents was 14.1% but was the lowest amongst the

18-44 age group at 5.9%. The U-shape trend of PA with age
is also reflected locally and data from 2005 [7] showed that
participation in exercise by Shanghai residents was the least
at around 40 years of age. These data and trends indicate
an urgent need to consider factors influencing middle-age
adults’ PA in China.

Many studies have considered the impact on PA of the
local environment in terms of its residential density, land
use configuration, street connectivity, walking or cycling
facilities, and aesthetics [8-11]. A number of interesting
associations specifically have been identified including the
relationships between residential density with walking behav-
iors [12, 13], increased transportation PA in areas of greater
land use diversity [14], and access to recreational facilities
positively associated with leisure time PA [15]. A number of
literature reviews have summarized the evidence from many
studies that have been published in this area [16, 17].
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Some previous studies in China have examined individual
behavior in relation to PA [18], but only a few examples have
considered how the environment affects PA [19, 20]. However,
the application of standard (Western) methodologies in
China may not be appropriate due to both cultural differences
and differences in the built environment. Some studies have
examined subjective perceptions of PA with measured PA
behaviors and how they relate to environmental factors and
typical analyses assess transportation PA, leisure time PA, or
moderate-vigorous physical activity (MVPA) [21-24].

In this study, subjective and objective methods were used
to investigate the association between PA and neighborhood
environment (NE) among middle-aged adults in Shanghai
and to analyze the relative contributions of environmental
variables in explaining PA in different NE contexts. The
need for such research relates to urbanization in China now
exceeding 50% to provide evidence relating to NE impacts on
PA and inform urban policy making in China.

2. Methods

2.1. Study Design. Research was conducted as part of a
cross-sectional study to investigate the spatial patterns of PA
in Shanghai (the Evaluation of Spatial-Patterns of Physical
Activity—ESPA project). Two typical junior high schools in
Shanghai were selected as case studies: one in the down-
town area (Changning district) and another in the suburbs
(Pudong district). The parents of the grade-2 students in
junior high school were recruited as subjects. Data were
collected between October 2010 and June 2011. The study was
approved by Ethics Committee of Fudan University, and the
University of Tokyo and the participants had given written
informed consent.

2.2. Study Procedure. Parents were asked to fill a structured
questionnaire of their individual characteristics (age, gender,
weight, height, educational background, family income), a
Chinese version of the NEWS-A (Neighborhood Environ-
ment Walkability Scale-Abbreviated) survey and the IPAQ
(International Physical Activity Questionnaire-Long) survey.

With the purpose of finding the household effect, plus
the lack of the accelerometer devices, adults in two-parent
families were selected to wear the accelerometer (Lifecorder
EX (Suzuken Co., Ltd, Nagoya, Japan)) in order to evaluate
their physical activity levels. However, there were still a
few adults in one-parent families who were included into
the accelerometer survey due to the operational reasons.
Participants were instructed to attach the accelerometer
to an adjustable belt and to wear it firmly around their
waist, positioned just above the right hip. Participants were
instructed to wear the accelerometer consecutively for 7 days
except when sleeping or engaged in water-related activities
such as swimming and showering. Class teachers reminded
the participants of the correct way to wear the accelerometer
and encouraged them to continue to wear it for the direction
of the study.
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2.3. Measures. The NEWS-A questionnaire captures mea-
sures of respondent perceptions of their neighborhood envi-
ronment using a four-point scale. From this data standard
measures are generated to describe residential density, the
diversity of land use, facility access, street connectivity, walk-
ing and cycling facilities, the aesthetics of the environment,
pedestrian safety, and crime safety [25]. IPAQ-long form is
designed to measure cross-national PA in adults and consid-
ers work-related PA, transport PA, domestic and gardening
PA, and leisure PA. It asks respondents to describe their time
spent on walking, moderate PA and vigorous PA within each
domain. The reliability and validity of the Chinese version
of NEWS-A and IPAQ have been demonstrated in previous
studies [25, 26].

Objective PA data for individuals can be obtained using
an accelerometer. This study used the Lifecorder EXwhich has
been shown to measure PA and energy expenditure at a range
of different activity levels [27, 28].

In order to obtain valid PA measurements [29], wear and
nonwear times were defined as follows: nonwear time as a
period of at least 60 consecutive minutes of zero PA level; any
period of less than 60 consecutive minutes not recorded as
nonwear time. Wear time as a minimum period of 10 hours
(8:00-18:00) with an absence of nonwear time during that
period was defined as a valid day. Data for participants with
at least 1 valid day were included in the analysis.

In order to ensure data quality and completeness, ques-
tionnaires with missing data were returned to the participants
and any questionnaires that were still incomplete after this
were excluded from the final analysis. Double data entry was
used. Epidata 3.1 was used to enter the questionnaire data and
Predictive Analytics Software (PASW) 18.0 was used for data
editing and analysis.

2.4. Analysis. The analysis sought to investigate the rela-
tionships between perceived transportation and leisure time
physical activity, as captured by the IPAQ survey, and envi-
ronmental and demographic variables. The data on self-
reported transportation PA (i.e., physical activity related to
“getting somewhere”) and self-reported leisure time PA (i.e.,
recreational physical activity) were modeled against NEWS-
A attributes such as residential density, land use diversity,
facility access, street connectivity, walking and cycling facil-
ities, the aesthetics of the environment, pedestrian traffic
safety, and crime safety (Model A), and then this analysis was
extended by considering participant demographics (Model
B). Work-related PA and domestic and gardening PA were
not included in this analysis because these two domains of
PA were affected by lots of social and individual factors, and
there were few studies showing their significant association
with neighborhood environment. Actual physical activity
data as captured by the accelerometer was also compared
with environmental variables (Model A) and environmental
variables plus demographic attributes (Model B).
Unadjusted and multivariate-adjusted odds ratios (OR)
and 95% confidence intervals (CI) were calculated from
logistic regressions to examine the association between NE
and PA. Eight environmental variables were used as the
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TaBLE 1: Demographics of the participants in the questionnaire-
based survey and accelerometer-based survey.

Questionnaires- Accelerometer-
based survey based survey

Participants number 478 235
Age® 39.8 +6.29 39.6 + 5.64
Gender®

Male 231 (48.3) 113 (48.1)

Female 247 (51.7) 122 (51.9)
Area®

Suburb 231 (48.3) 117 (49.8)

Downtown 247 (51.7) 118 (50.2)
BMI®

<18 16 (3.4) 3(L3)

>18, <24 300 (63.2) 154 (66.1)

>24, <28 127 (26.7) 61 (26.2)

28< 32(6.7) 15 (6.4)
Family income”

<20,000 RMB 99 (20.8) 43 (18.5)

2-40000 RMB 150 (31.6) 74 (31.8)

40000 RMB< 226 (47.6) 116 (49.8)

Educational background®

Primary school 18 (3.8) 8(3.4)

Junior high school 250 (52.7) 121 (51.7)
High school 93 (19.6) 46 (19.7)
College 89 (18.8) 44 (18.8)
University and above 24 (5.1) 15 (6.4)

*data presented as means + SD; " data presented as N (%).

independent variables to estimate dependent variables of
transportation, leisure time PA, and moderate-vigorous phys-
ical activity. The models were adjusted for area, gender,
educational background, and family income level. For self-
reported transportation and leisure time PA, participants
were divided into two groups (low active and active) depend-
ing on whether they met the recommendations of the IPAQ
international criterion. For the accelerometer measured PA,
MVPA was divided into two groups based around the
median value for all participants: >=36 minutes/day and <36
minutes/day.

3. Results

Of the 515 questionnaires sent out, 478 (92.8%) valid ones
were collected and analyzed. Of these, 327 respondents from
two-parent families were asked to wear the accelerometer,
with 235 having valid accelerometer data.

Table 1 presents a breakdown of the demographics of the
participants in the questionnaire and accelerometer-based
surveys. The sample for each survey included 48% of male,
mean age (SD) was 40 (6) years, and 33% of participants were
overweight or obese (body mass index was greater than or
equal to 24). Almost half of the questionnaire participants

had a family income of more than 40,000 RMB per year
(47.6%), with the national average being 42,500, and had an
educational background of at least high school level (43.5%).
Of the participants in the accelerometer survey, 49.8% had an
income greater than 40,000 RMB per year and 44.9% had an
educational background of at least high school level.

The attributes of the respondent PA and NE are presented
in Table 2. This shows that the transportation PA active
group included 42.5% of the participants and that the leisure
time PA active group included 25.3% of the participants.
No significant differences were found between genders in
the perception of transportation PA, leisure time PA, and
neighborhood environment, but a difference was found in
MVPA between male and female respondents with female
having significantly higher levels of MVPA than male.

Logistic regression was used to identify the factors
influencing PA (Table 3). For Model A, respondents’ trans-
portation PA was not found to be associated with any of
the neighborhood environmental variables. When demo-
graphic variables were considered alongside environmental
ones (Model B), the associations between transportation
PA and the environmental variables were still not present,
but participants from the downtown area were found to
be more positively associated with transportation PA than
respondents living in the suburbs.

For both the unadjusted and adjusted models, higher
levels of leisure-time PA were positively associated with
perceived residential density and with poorer neighborhood
street connectivity. In the demographically adjusted model
(Model B), participants from the downtown area were more
positively associated with leisure time PA than those living
in the suburbs. Residential density was a significant positive
predictor, while street connectivity was a negative predictor
of recreational or leisure-based physical activity in both the
unadjusted and demographic adjusted models.

MVPA was found to be negatively associated with traffic
safety in Model A. After adjusting for demographic variables,
the results indicated that women were more strongly associ-
ated with increased levels of MVPA than men; however, there
was no association between MVPA and traffic safety in the
adjusted model.

4. Discussion

The results indicate possible associations between traffic
safety and MVPA among Chinese adults (parents) and
that two neighborhood environmental variables (residential
density, street connectivity) are significantly associated with
leisure time PA after adjusting the demographic variables.
The impacts of environmental factors vary depending on
the nature of the PA. Leisure time PA was found to be
positively associated with residential density but negatively
associated with street connectivity, and MVPA was found to
be negatively associated with traffic safety.

Although many people (more than 20%) in China walk
to work (transportation PA) compared to less than 5% in
western countries [30], with the improvement of public
transportation and the growth of private motor vehicles, it is
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TaBLE 2: Comparison of physical activity and neighborhood environment of participants using IPAQ, NEWS-A, and accelerometers by sex.

Male Female Overall
IPAQ-based physical activity indicators®
Transportation PA
Active group 99 (42.9) 104 (42.1) 203 (42.5)
Low active group 132 (571) 143 (57.9) 275 (57.5)
Leisure time PA
Active group 57 (24.7) 64 (25.9) 121 (25.3)
Low active group 174 (75.3) 183 (74.1) 357 (74.7)
Accelerometer-based physical activity indicators®
MVPA (minutes per day)”
36- 49 (43.4) 71 (58.2) 120 (51.1)
-35 64 (56.6) 51 (41.8) 115 (48.9)
Perception of neighborhood environment using the NEWS-A®
Residential density 348.8 + 130.6 352.1 +130.9 350.5 + 130.6
Land use mix diversity 2.88 £0.81 2.85+0.81 2.86 £ 0.81
Land use mix access 2.88 +0.60 2.88 +0.58 2.88 £0.59
Street connectivity 2.82+0.53 2.80+0.51 2.81+0.52
Walking/cycling facilities 2.68 +0.72 2.65+0.70 2.67+0.71
Aesthetics 2.69+0.78 2.70 £0.75 2.69 £0.76
Traffic safety 2.85+0.52 2.86 £0.52 2.86 £ 0.52
Crime safety 3.05+091 2.98 £0.90 3.01 £0.90

"P<0.05MVPA, moderate-vigorous physical activity; data presented as N (%); ® data presented as means + SD.

likely that less people in the future will walk or cycle to work.
Other studies have suggested that physical environment may
have a greater effect on transportation PA than leisure time
PA. Learnihan et al. [31] found land use diversity to be the
most critical factor influencing transportation PA. However,
land use diversity and other environmental variables were
not found to be associated with transportation PA in this
study. This may be due to the different effects in suburb and
downtown cancelling each other out as exemplified by land
use diversity which was positively associated with suburban
participants’ transportation PA but negatively associated with
downtown participants’ transportation PA.

In urban China, the per capita living space is 31.6 m?,
with a population density of 2209 people per km?, whilst
in Shanghai, the population density is 3630 people per km*
[6]. In this study, the higher levels of residential density in
the participant neighborhood environments were associated
with higher levels of leisure time PA (with or without demo-
graphic adjustment). This is consistent with other studies [32]
which have also found higher housing density to be positively
associated with physical activity. However, a Japanese study
[12] has shown that high residential density is associated with
reduced leisure PA for women, indicating that the correlates
may be due to gender or cultural differences. This study found
that women did more MVPA than men, yet in other studies
women have been found to be less active with less MVPA than
men in global studies [30], suggesting that further studies
may be needed to unpick these differences.

Van Dyck et al. [9] found perceived street connectivity
to be negatively associated with recreational walking. This is
consistent with the findings of this research, which showed

poorer street connectivity to be associated with more leisure-
time PA. This suggests for neighborhoods with better street
connectivity that greater consideration should be given to
interventions for improving the opportunities for leisure-
time PA.

The results of previous studies investigating the relation-
ships between traffic safety and PA are not consistent. Some
studies have variously shown traffic safety to not be related
to PA [33], others has shown that it is positively associated
[12, 34] and yet further studies have found it to be negatively
associated [23]. This research found that higher perceptions
of traffic safety problems were associated with less MVPA,
although this association was not found when the model was
adjusted for socioeconomic variables (Model B). That is, high
perceptions of traffic safety issues resulted in less PA, which
may be due to a dependence between perceptions of traffic
safety and environmental attributes with, for example, areas
with heavy traffic often having a greater diversity of land uses.

There were differences in the associations with PA
between respondents from different areas. For example,
respondents from downtown areas were found to be more
positively associated with transportation PA and leisure time
PA than respondents living in the suburbs. It should be noted
that parents of children from only one school were selected in
each area and the results may be not representative, especially
as some of the effect sizes are small. This may limit their prac-
tical relevance, but they do indicate possible interventions
in relation to improving PA especially in relation to active
commuting to work and leisure time in the suburbs. Future
studies will be conducted in more schools to verify the results.
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There are several limitations in this study. First, the
study was cross-sectional and the direction of causality could
not be evaluated, suggesting the need for longitudinal or
intervention studies in the future. Second, the environmental
attribute measures were derived from subjective question-
naires rather than objective measures from a GIS or remote
sensing analysis [35]. Third, the age range of the participants
was narrow, which limits the extrapolation of the findings to
other age groups. Fourth, the participants were selected from
the parents of children at only one school in each area, which
may not fully represent the population of Shanghai and may
limit the generalization of the results to other areas.

5. Conclusions

This study confirms the relationship between residential
density, street connectivity, and traffic safety with a range of
PA behavior in middle-aged Chinese adults. No significant
associations were detected between transportation PA and
environmental variables. Leisure time PA was found to be
positively associated with residential density but negatively
with street connectivity. The perceptions of traffic safety were
strongly associated with MVPA, although this association
disappeared after the model was adjusted for socioeconomic
variables. The results suggest a number of ways that urban
planning could increase the physical activity level of the
middle-aged adults in China, for example, by centralizing the
residence in the neighborhood, especially in downtown areas.
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