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ABSTRACT In the context of recent social and economic transitions in China, lack of
physical activity among adolescents is an emerging health risk, particularly so in rapidly
expanding urban areas. Evidence from Western countries suggests that built environ-
ment attributes can influence the physical activity participation of young people, but
whether or not this is the case for China is unknown. We recruited high school students
from ten urban districts in Nanjing, Mainland China (n=2,375; mean age=13.9±
1.0 years old; 46% boys; survey response rate=89%). The outcome variable was self-
reported recreational physical activity time; the primary explanatory variable was the
residential density of the urban districts. Analysis was conducted using mixed-effects
logistic regression models. After adjustment for potential confounding variables,
including sedentary behavior and green space, there was a consistent and graduated
association between residential density and physical activity; residential density was
significantly negatively associated with recreational physical activity time for students
from the higher tertile of residential density (OR; 95% CI=0.64; 0.42 to 0.97)
compared to those from the lower tertile. The direction and magnitude of the negative
association between residential density and physical activity was similar for boys and girls.
It should be a public health priority to identify the particular urban environment attributes
that can encourage and support young people’s participation in physical activity.

KEYWORDS Built environment, Residential density, Physical activity, Sedentary behavior,
Adolescents, China

INTRODUCTION

Mainland China is the most populous country in the world. It has undergone rapid
economic growth and the consequent concentration of populations in urban areas,
especially since the “Open Door Policy”, which committed China to adopting a free-
market economic system and promoting foreign trade and economic investment,
was adopted in 1978. Rapid social, economic, and environmental changes have
caused major lifestyle transitions: an increasing number of Chinese people,
particularly in urban areas, now own private vehicles, television sets, and computers

Xu, Li, Liang, Wang, and Hong are with the Nanjing Municipal Center for Disease Control and
Prevention( Nanjing, Jiangsu, People’s Republic of China; Leslie is with the Deakin University( Geelong,
Victoria, Australia; Ware, Sugiyama, and Owen are with the University of Queensland( Brisbane,
Queensland, Australia

Correspondence: Fei Xu, Nanjing Municipal Center for Disease Control and Prevention( 2, Zizhulin,
Nanjing, 210003Jiangsu, People’s Republic of China. (E-mail: f_xufei@hotmail.com)

44



with access to the Internet. These changes and associated declines in physical
activity, in particular, will have serious health consequences.1,2 Lack of physical
activity is an emerging public health issue that needs to be addressed in urban areas
of China.3

In the context of economic, social, and epidemiological transition, a particular
public health concern for China is the physical activity of young people. It is known
that levels of physical activity decline throughout adolescence.4 This decline is
considered to be partly responsible for adolescent obesity,5 which is likely to lead to
greater health risk in adulthood.6 Given that the prevalence of overweight or obesity
in adolescents living in China’s urban areas has been increasing dramatically since
the early 1990s—and is now equivalent to the level of some developed countries7—
increasing participation in physical activity in youth is a public health priority.

Chinese rapid economic growth and urbanization have led to significant
changes in the built urban environment and greater numbers of people are exposed
to the potential health effects of urbanization and reduction of green space. In
Western countries, researchers and policy makers are recognizing the significance of
the built environment for physical activity. Research conducted mainly in the USA
and Australia has shown that neighborhood environmental factors such as
residential density, land use mix, access to destinations, sidewalks, and esthetics
are associated with residents’ physical activity.8,9 However, Chinese urban environ-
ments may be different from those in USA or Australia, and Chinese people may
interact with the built environment attributes of their neighborhoods differently
from those in the Western countries. Thus, there is the need for research on the built
environment correlates of physical activity in the Chinese urban context.

Residential density is one of the key environmental attributes relevant to physical
activity.10–12 Generally, it is known to be associated with adults’ transport-related
physical activity, as higher residential density means more destinations such as shops,
services, and public transport stops nearby.13 With regard to the association between
adolescents’ recreational activity and residential density, mixed findings have been
reported from a small number of studies. One such study conducted in the USA
showed that an index of neighborhood walkability, which includes residential density,
to be positively associated with moderate-to-vigorous physical activity in adolescents
aged 14–17 years.14 Young people living in higher-density, more-walkable neighbor-
hoods, where recreational destinations (and more transport options to get there) are
more-readily available, may thus be more likely to participate in recreational activity.
However, research in Australia has shown that boys (13–15 years) living in cul-de-
sacs, which are typically found in lower residential-density neighborhoods, engage in
more moderate-to-vigorous physical activity compared to those living in neighbor-
hoods with higher street connectivity, which tends to typify areas with higher
population densities.15 Another study in the USA reported that no link between
residential density and accelerometer-measured physical activity among 11–15 year
olds.16 Although the quantity of relevant literature is modest, these differing
associations for two Western countries suggest associations between residential
density and physical activity may vary in different contexts, reinforcing the need to
understand how aspects of urban form are associated with adolescents’ recreational
physical activity in the rapidly urbanizing context of Mainland China.

This large-scale population-based study, conducted in urban areas of Nanjing,
Mainland China, examines the association between residential density and
adolescents’ recreational physical activity, controlling for potential confounding
variables.
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METHODS

Sample Selection
The Nanjing High School Students’ Health Survey was conducted in Nanjing
Municipality between September and November 2004. Nanjing is located in Eastern
China, and had a population of approximately six million in 2004. It comprises 13
administrative units; ten urban districts and three suburban/rural counties since
2003. All ten urban districts were included in this study. The study used a multi-
stage proportional sampling method to recruit participants, which has been
described in detail elsewhere.17

Participants
The target population was junior high school students (grade 7–9; age 13–15 years)
living in urban districts within Nanjing Municipality. Twenty-four junior high
schools were randomly selected from the ten urban districts, and all students in three
classes from each selected school were invited to participate. After informed consent
was obtained from involved schools and participants, the students were interviewed
face-to-face by trained healthcare professionals. The conduct of the study was
approved by the academic and ethical committee of Nanjing Municipal Center for
Disease Control and Prevention in accordance with internationally agreed ethical
principles for medical research involving human subjects (World Medical Associa-
tion Declaration of Helsinki).

Measures
The outcome measure of the study, time spent in recreational physical activity (PA
time), was identified through the question “How much time (in minutes) did you
ever spend in doing recreational physical activity on a typical weekday in the past
two weeks?” The same question was repeated to gather information for a typical
weekend day. PA time was calculated as the average time spent in recreational
physical activity per week. For the analyses, PA time was dichotomized at the
median (11.0 hrs/wk). Time spent sitting for TV viewing and course study were each
recorded in a similar manner to PA time. Sedentary behavior time (SB time) was
computed by adding these times. The questions regarding physical activity and
sedentary behavior were based on the validated Chinese version of International
Physical Activity Questionnaire, with a slight modification on the recall period—
extending from the last 1 week to the last 2 weeks.18

Residential density was the main independent variable, and calculated as the
number of regular urban residents divided by district size (km2) for each urban
district. Numbers of urban residents and district size in 2004 were obtained from the
Nanjing Municipal Bureau of Statistics.19 We defined public green space as green
space residents have free access to, not including private and industrial green spaces.
For each district, we recorded green space as the total area of public green space
(km2) divided by district size (km2). All students in the same district share the same
residential density and green space.

The questionnaire gathered socio-demographic and anthropometrical informa-
tion such as age, sex, total weekly pocket money, body weight and height, and
parents’ employment status. Body mass index (BMI) was calculated from self-report
weight and height. Overweight was defined as a BMI≥85th percentile value for age-
and sex-specific reference data according to the recommendation for Chinese
adolescents by the Group of China Obesity Task Force.20 In China, all students are
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required to have their body weight and height measured in the commencement
month (generally September) of each academic year. Hence, we conducted our
survey from September to November to minimize potential recall error. Parents’
employment status was categorized as both parents being unemployed, one parent
employed, or both parents employed.

Data Analysis
Associations between study characteristics and two key variables (sex and residential
density) were examined using analysis of variance (continuous variables) or chi-
square test (categorical variables). We examined the association between physical
activity and residential density using mixed-effects logistic regression models. Three
models were examined: model 1 is a univariable analysis with residential density as
the single predictor; model 2 is a multivariable analysis, adjusting for participants’
age, sex, overweight, pocket money and parents’ employment status; and model 3 is
a multivariable analysis further adjusted for sedentary behavior and green space in
addition to the covariates included in model 2. In all models, we allowed district to
have a random effect, thus, allowing for non-independence in results from
participants within the same district. Data were double-entered and cleaned with
EpiData 3.0 (The Epidata Association, Odense, Denmark), and managed and
analyzed using SPSS 13.0 (SPSS Inc., Chicago, IL, USA) and Stata 10.1 (StataCorp,
College Station, TX, USA).

RESULTS

The total number of survey respondents was 2,375 with a response rate of 89.3%.
There were no significant demographic differences between respondents and those
not taking part in this survey, in terms of age and sex.

The median residential density was 7,862 persons/km2, while the minimum and
maximum values were 559 and 30,779 persons/km2, respectively. The cut-off values
for the tertiles were 3,586 and 12,665 persons/km2.

Table 1 displays demographic characteristics of our overall sample by sex and
residential density tertile. There were more girls (53.8%) than boys in the sample. Boys
were more likely to be overweight and spent more time on physical activity, but less
time in sedentary behavior relative to girls. Students in the higher residential density
tertile spent significantly less time on physical activity but more time on sedentary
behaviors (PG0.01), and they were also more likely to be overweight compared to
their counterparts in the low-density areas. There was significant variation in physical
activity across districts (χ2=10.17, P=0.0007). Districts contributed approximately
2.3% to the total variation in physical activity (ICC=0.023).

Table 2 presents odds ratios (OR) (95% [Confidence Interval] CI) of being in the
higher physical activity group relative to being in the lower group. Compared to
students from the lower residential density tertile, students in the higher and middle
residential tertile had lower odds (OR=0.64, 95%CI=0.42 to 0.97; OR=0.83, 95%
CI=0.59 to 1.18, respectively) of being in the higher physical activity category, after
adjusting for potential confounding variables including sedentary behavior time and
green space (model 3). The difference between the higher- and lower-density areas
was statistically significant (P=0.03). The direction and magnitude of the effect of
residential density on physical activity was similar across all three models. The
negative association between residential density and physical activity remained for

RESIDENTIAL DENSITY AND PHYSICAL ACTIVITY AMONG CHINESE ADOLESCENTS 47



TA
B
LE

1
Pa

rt
ic
ip
an

t
ch
ar
ac
te
ri
st
ic
s
by

se
x
an

d
re
si
de

nt
ia
l
de

ns
it
y.

R
es
ul
ts

pr
es
en

te
d
as

m
ea
n
±
st
an

da
rd

de
vi
at
io
n
fo
r
co
nt
in
uo

us
da

ta
,
an

d
as

pe
rc
en

ta
ge
s

fo
r
ca
te
go
ri
ca
l
da

ta

O
ve
ra
ll

Ge
nd

er
Re
si
de
nt
ia
l
de
ns
ity

a

Bo
ys

Gi
rl
s

P
va
lu
e

Lo
w
er

M
id
dl
e

H
ig
he
r

P
va
lu
e

N
um

be
r

2,
37
5

1,
09
8

1,
27
7

91
9

73
2

72
4

Ag
e

13
.9
±
1.
0

13
.9
±
1.
0

13
.8
±
1.
0

0.
20

14
.0
±
1.
0

13
.8
±
1.
0

13
.8
±
1.
0

G
0.
01

O
ve
rw

ei
gh
t
(%
)b

8.
3%

12
.4
%

4.
7%

G
0.
01

5.
3%

9.
4%

10
.8
%

G
0.
01

Ph
ys
ic
al

ac
tiv
ity

tim
e
(h
r/
w
k)

11
.6
±
5.
3

11
.9
±
5.
4

11
.4
±
5.
3

G
0.
05

12
.1
±
5.
3

11
.6
±
5.
2

10
.9
±
5.
4

G
0.
01

Se
de
nt
ar
y
be
ha
vi
or

tim
ec

(h
r/
w
k)

70
.5
±
20
.3

69
.9
±
20
.3

71
.0
±
20
.2

0.
16

66
.9
±
19
.2

72
.3
±
20
.6

73
.3
±
20
.6

G
0.
01

Pa
re
nt
s'
em

pl
oy
m
en
t
st
at
us

d
(%
)

6.
1%

5.
4%

6.
7%

0.
32

5.
7%

5.
3%

7.
3%

G
0.
01

a R
es
id
en
tia

l
de
ns
ity

te
rt
ile

cu
t-
of
f
va
lu
es

ar
e
12
,6
65

an
d
3,
58
6
pe
rs
on

s/
km

2 .
b
O
ve
rw
ei
gh
td

efi
ne
d
as

BM
I≥

85
th

pe
rc
en
til
e
va
lu
e
fo
r
ag
e-
an
d
se
x-
sp
ec
ifi
c
re
fe
re
nc
e
da
ta

ac
co
rd
in
g
to

th
e
re
co
m
m
en
da
tio

n
fo
r
Ch
in
es
e
ad
ol
es
ce
nt
s
by

Gr
ou

p
of

Ch
in
a
O
be
si
ty
Ta
sk

Fo
rc
e.

c S
B
tim

e
is
th
e
su
m

of
tim

e
sp
en
t
in

si
tt
in
g
fo
r
vi
ew

in
g
TV

an
d
co
ur
se
s
st
ud

y.
d
Pe
rc
en
t
in

su
bg
ro
up

of
bo
th

un
em

pl
oy
ed
.

XU ET AL.48



TA
B
LE

2
O
dd

s
ra
ti
o
(9
5%

CI
)f
or

be
in
g
in

th
e
hi
gh

er
ph

ys
ic
al

ac
ti
vi
ty

gr
ou

p
re
la
ti
ve

to
be

in
g
in

th
e
lo
w
er

gr
ou

p
am

on
g
ur
ba

n
ju
ni
or

hi
gh

sc
ho

ol
st
ud

en
ts

in
N
an

ji
ng

,
Ch

in
a

Re
si
de
nt
ia
l
de
ns
ity

a
Pa
rt
ic
ip
an
ts
in

hi
gh
er

ph
ys
ic
al

ac
tiv
ity

ca
te
go
ry

(%
an
d
n/
N
)a

M
ix
ed
-e
ff
ec
ts
lo
gi
st
ic
re
gr
es
si
on

m
od

el
s

M
od

el
1b

M
od

el
2c

M
od

el
3d

O
R
(9
5%

CI
)

P
va
lu
e

O
R
(9
5%

CI
)

P
va
lu
e

O
R
(9
5%

CI
)

P
va
lu
e

O
ve
ra
ll

Lo
w
er

56
.5

(5
20
/9
19
)

1.
00

1.
00

1.
00

M
id
dl
e

51
.9

(3
80
/7
32
)

0.
87

(0
.5
9-
1.
28
)

0.
48

0.
85

(0
.5
9-
1.
22
)

0.
38

0.
83

(0
.5
9-
1.
18
)

0.
31

H
ig
he
r

45
.4

(3
29
/7
24
)

0.
67

(0
.4
2-
1.
05
)

0.
08

0.
66

(0
.4
3-
1.
01
)

0.
05

0.
64

(0
.4
2-
0.
97
)

0.
03

Bo
ys

Lo
w
er

58
.5

(2
50
/4
27
)

1.
00

1.
00

1.
00

M
id
dl
e

53
.4

(1
79
/3
35
)

0.
80

(0
.5
2-
1.
25
)

0.
33

0.
77

(0
.5
1-
1.
16
)

0.
21

0.
77

(0
.5
2-
1.
14
)

0.
19

H
ig
he
r

48
.2

(1
62
/3
36
)

0.
65

(0
.4
0-
1.
07
)

0.
09

0.
66

(0
.4
1-
1.
04
)

0.
07

0.
63

(0
.4
1-
0.
97
)

0.
04

Gi
rl
s

Lo
w
er

54
.9

(2
70
/4
92
)

1.
00

1.
00

1.
00

M
id
dl
e

50
.6

(2
01
/3
97
)

0.
94

(0
.6
0-
1.
48
)

0.
79

0.
92

(0
.6
0-
1.
42
)

0.
72

0.
88

(0
.5
8-
1.
34
)

0.
55

H
ig
he
r

43
.0

(1
67
/3
88
)

0.
68

(0
.4
0-
1.
15
)

0.
15

0.
67

(0
.4
1-
1.
10
)

0.
11

0.
64

(0
.3
9-
1.
05
)

0.
08

a R
es
id
en
tia

l
de
ns
ity

w
as

an
al
yz
ed

as
a
tr
ic
ht
om

ou
s
va
ri
ab
le
;
ph

ys
ic
al

ac
tiv
ity

w
as

an
al
yz
ed

as
a
di
ch
ot
om

ou
s
va
ri
ab
le
.

b
M
od

el
1
is
th
e
un

ad
ju
st
ed

m
od

el
.

c M
od

el
2
ad
ju
st
ed

fo
r
ag
e,

se
x
(o
ve
ra
ll
m
od

el
on

ly
),
ov
er
w
ei
gh
t,
po

ck
et

m
on

ey
,
an
d
pa
re
nt
s’
em

pl
oy
m
en
t
st
at
us
.

d
M
od

el
3
ad
ju
st
ed

fo
r
ag
e,

se
x
(o
ve
ra
ll
m
od

el
on

ly
),
ov
er
w
ei
gh
t,
po

ck
et

m
on

ey
,
pa
re
nt
s’
em

pl
oy
m
en
t
st
at
us
,
se
de
nt
ar
y
be
ha
vi
or

tim
e,

an
d
gr
ee
n
sp
ac
e.

n
nu

m
be
r
of

pa
rt
ic
ip
an
ts
w
ith

in
hi
gh
er

ph
ys
ic
al

ac
tiv
ity

ca
te
go
ry
,
N
to
ta
l
nu

m
be
r
of

pa
rt
ic
ip
an
ts
w
ith

in
su
b-
gr
ou

p
of

re
si
de
nt
ia
l
de
ns
ity

RESIDENTIAL DENSITY AND PHYSICAL ACTIVITY AMONG CHINESE ADOLESCENTS 49



boys but not for girls in the final model (model 3), with or without consideration of
potential confounders.

DISCUSSION

In this representative sample of urban Chinese adolescents, we found that after
statistical adjustment for potential confounding variables, including sedentary
behavior and green space, there was a consistent and graduated association between
residential density and physical activity: residential density was negatively associated
with recreational physical activity time for students from the higher tertile of
residential density (OR=0.64; 95%CI=0.42 to 0.97) compared to those from the
lower tertile. Studies conducted in the USA and Australia14–16 are inconclusive with
regard to the association between adolescents’ physical activity and residential
density. Our findings suggest there may be a negative association between
population density and recreational physical activity for adolescents, in a rapidly
expanding urban area of China.

A potentially important environmental element that may link residential density
with recreational physical activity is neighborhood spaces or facilities in which
young people can engage in physical activity, such as parks, sports fields, and indoor
sport facilities. Research has shown, for instance, that the number of parks within an
800-m distance from home is associated with adolescent girls’ non-school physical
activity.21 It has also been found that adolescents who have a park within a walking
distance are likely to do physical activity regularly.22 However, the spatial data
available to us for our study did not allow the proximity to students’ residential
addresses of parks and other outdoor recreation facilities to be examined, given the
district-based recruitment method that was used.

The association between population density and recreational facilities is
complex. On one hand, a city center with higher population density may have
more recreational opportunities within an accessible distance from home, compared
to lower-density suburban areas. On the other hand, a dense residential area with
many multi-story dwellings may have less recreational facilities. These scenarios may
apply to different ranges of population density: the former relationship may be
pertinent to a relatively lower-density range, while the latter is likely to be the case
with a higher density range. Mixed findings on the association of recreational
physical activity with residential density may be at least in part due to this complex
association between density and the availability of recreational facilities.

Another element that might influence adolescents’ physical activity is traffic.
Research has shown that children (aged 11–16 years) who reported heavy traffic and
parked cars on local streets were less likely to perceive their neighborhood as a safe
place for outdoor activities.23 In large Chinese cities, high population density areas
typically have narrower roads and higher traffic volume. Variations in traffic
conditions in areas with different levels of residential density may have contributed
to the association we observed in this study.

The mean population density of the overall Nanjing urban region is 2,346
persons/km2, which is much higher than in American and Australian cities where
environmental correlates of physical activity have been examined.24,25 For instance,
the city of Atlanta in the USA has a density of 1,220 persons/km2.26 The population
density of the city of Adelaide, one of the capital cities of Australia, is 1,138 persons/
km2.27 In Western countries, neighborhoods with residential density greater than
500 persons/km2 are usually classified as densely populated areas for epidemiologic
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studies.28 However, in China, a residential density of 500 persons/km2 may be
considered a sparsely populated area. This is likely to be an important factor
contributing to the differences in the associations of residential density with physical
activity in this study compared previously reported studies from Western countries.
The differences between our findings and those of studies conducted in Western
countries suggest that the association between residential density and physical
activity may operate differently in different contexts, and suggest the need for careful
attention to definitions of “high” residential density in epidemiological studies
regarding the impact of urban form on physical activity behavior.

This is the first study reporting the impact of residential density on the time that
young people spend in recreational physical activity in China. One of its strengths is
that in our multilevel regression models, we adjusted for sedentary behavior time
(TV time and study time) and green space as, well as demographic and social
confounders. Another strength of our study is the representativeness of the urban
population achieved by using multi-stage proportional sampling methods from all
ten urban districts of Nanjing City. Despite these strengths, this study has a number
of limitations. First, no causality can be inferred nor implied, due to the study’ cross-
sectional nature. Second, physical activity time was self-reported, which may be
subject to recall bias. However, self-reported data on physical activity are common
in the field and remain the primary source for epidemiological research in large-scale
studies like this one.29,30 Finally, the findings should be interpreted with particular
caution, as the association between residential density and physical activity is very
complex in that any single factor is expected to be limited in explanatory value due
to the large number of possible correlates for physical activity.

The rapid social and economic changes in Mainland China have resulted in
major lifestyle transitions and rapid urbanization. The number of regular urban
residents increased from 0.37 billion in 1997 to 0.59 billion in 2007 in Mainland
China, excluding residents in Hong Kong and Macao.31 With such rapid urban-
ization, large cities in developed regions of Mainland China are becoming
increasingly densely populated in residential areas. For example, in the urban area
of Nanjing, our survey city, the mean residential density increased from 1,376
persons/km2 in 1997 to 2,346 persons/km2 in 2007.19 Therefore, there is a unique
opportunity to further understand the impact of relatively rapid changes in
residential density on physical activity in the current context of Mainland China.
Further well-designed projects are needed to explore this issue in these newly
expanding urban regions.

In conclusion, using data from a large representative population sample, our
findings showed a consistent and graduated negative association between residential
density and physical activity in urban Chinese adolescents: those who live in higher-
density areas are less physically active. Promoting adolescents’ physical activity is a
high priority health issue for China’s urban areas, given the rapid increase in the
prevalence of overweight or obesity in this population. Further well-designed
research is needed to identify more specific urban environmental attributes that can
make positive contributions to young people’s physical activity.
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