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Abstract

Background: As few longitudinal studies have examined how active transport is associated with physical activity
among children and adolescents over time, and how active transport tracks through childhood and adolescence, it
is important to understand whether physically active children retain their activity patterns through adolescence.
This study aimed to examine (a) tracking of active transport and of moderate-to-vigorous physical activity (MVPA)
across childhood and adolescence in two age cohorts; and (b) associations between active transport and MVPA at
three distinct time-points, over five years.

Methods: This longitudinal study of two cohorts aged 5-6 years (n = 134) and 10-12 years (n = 201) at baseline
(T1), in Melbourne, Australia, gathered follow-up data at three (T2) and five years (T3). Walking/cycling to local
destinations was survey-reported; while MVPA was recorded using accelerometers and mean time spent daily in
MVPA on week days and on weekends was computed. Tracking of these behaviours was examined over five years
using General Estimating Equations. Linear regression analyses were performed to examine associations between
active transport and MVPA at each time-point.

Results: Active transport tracked moderately among children (boys, bs = 0.36; girls, bs = 0.51) but not among
adolescents. Physical activity tracked moderately (bs value range: 0.33-0.55) for both cohorts. Active transport was
not associated with children’s MVPA at any time-point, but was associated with adolescent boys’ MVPA on week
days at T1 (B = 1.37 (95% CI: 0.15, 2.59)), at T2 (B = 1.27 (95% CI: 0.03, 2.51)) and at T3 (B = 0.74 (95% CI: 0.01, 1.47)),
and with adolescent girls’ MVPA on week days (B = 0.40 (95% CI: 0.04, 0.76)) and on weekends (B = 0.54 (95% CI:
0.16, 0.93)) at T3 only.

Conclusion: Active transport was associated only with boys’ MVPA during early adolescence and with boys’ and
girls’ MVPA during late adolescence. While active transport should be encouraged among all school-aged children,
it may provide an important source of habitual physical activity for adolescent girls, in particular, among whom
low and declining physical activity levels have been reported world-wide.
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Introduction
The decline in children’s active transport (e.g., walking
and cycling) to school and other destinations over
recent decades is of public health concern [1,2]. The
benefits of active transport for the whole population are
multi-faceted and include reductions in carbon emis-
sions, less noise from traffic, reduced consumption of
fossil fuels and greater social interaction, as well as
opportunities for habitual physical activity [3]. For

young people, regular physical activity during childhood
and adolescence has well-documented health benefits
including reduced risk of cardiovascular disease, type 2
diabetes and obesity [4,5]. In addition, active transport
may promote independence, exploration of the natural
and built environments and the development of social
skills, particularly if children are unaccompanied by
adults [1,6].
In 2001, Tudor-Locke, Ainsworth and Popkin [7]

identified active transport on the journey to school as a
potential source of habitual physical activity. They called
for research to understand how active transport to
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school contributes to overall physical activity levels, as
well as longitudinal studies examining tracking of active
transport through adolescence [7]. Since then, interest
in this area has burgeoned. However, most evidence on
this topic is from cross-sectional studies. To date, there
is a paucity of longitudinal studies that specifically
examine active transport across the transition from
childhood to adolescence, and of studies that examine
tracking of active transport behaviours. Tracking refers
to the degree of stability of an individual’s relative rank
within a group over time [8].
A systematic review [9] of studies published between

2003 and 2008 that reported active transport to school
and youth physical activity levels found that in 11 out
of 13 studies, schoolchildren who walked or cycled to
school were more physically active overall than those
who used motorized modes of transport. More recently,
a further systematic review [10] was conducted of stu-
dies published between 1980 and 2009 that reported
associations between active transport to school and the
following measures of fitness: cardiorespiratory fitness,
muscular fitness, body composition and flexibility.
Active transport was shown to be consistently asso-
ciated with lean body composition and cardiorespiratory
fitness [10].
One of the strongest barriers and most consistent cor-

relates of walking and cycling to school is distance
between home and school [11,12]. Hillman [6] reports
that in England many children now travel greater dis-
tances to school as a result of parents being offered
greater choice of schools. In an Australian study, the
average distance of the most direct route to school was
2.3 (SD = 3.1) km [13]. Given that many children may
not live within an easy walking or cycling distance from
school, it may also be important to consider children’s
active transport to other destinations within their neigh-
borhoods. Little is known about associations between
active transport to all neighborhood destinations (not
just school) and overall physical activity among youth.
Active transport may provide more attractive options
for informal, social physical activity for some adoles-
cents, in particular girls, who prefer less focus on com-
petition and ability levels [14].
As few longitudinal studies have examined how active

transport is associated with physical activity among chil-
dren and adolescents over time, and how active trans-
port tracks through childhood and adolescence, it is
important to understand whether physically active chil-
dren retain their activity patterns through adolescence.
This may guide the choice of age-groups to be targeted
by interventions to promote physical activity. From a
public heath perspective it is important to motivate
inactive children/adolescents to be active and to moti-
vate those who are active to remain active [15]. The

aims of this study were to examine: (a) tracking of active
transport and of moderate-to-vigorous physical activity
(MVPA) across childhood and adolescence in two age
cohorts; and (b) associations between active transport
and MVPA at three distinct time-points, over five years.

Methods
Sample
Data were gathered as part of a longitudinal study called
“Children Living in Active Neighbourhoods”. Two
cohorts of schoolchildren aged 5-6 years and 10-12
years at baseline (2001, T1) were followed up three (T2)
and five (T3) years later. Originally designed as a cross-
sectional study, at baseline, 295 children aged 5-6 years
and 919 children aged 10-12 years (27%, 44% response
rates, respectively) were recruited from 19 government
primary schools across Melbourne, Australia. Participa-
tion rates for the first follow-up (T2) among those
whose parents had agreed to future contact were 76%
(n = 191) of the younger cohort, then aged 8-9 years,
and 64% (n = 416) of the older cohort, then adolescents
aged 13-15 years. Participation rates for the second fol-
low-up (T3) among those who agreed to be re-contacted
were 93% for children (n = 177) aged 10-11 years and
68% for adolescents (n = 326) aged 15-17 years, repre-
senting 60% and 35% of their respective cohorts at base-
line. Ethics approval for this study was obtained from
the Deakin University Ethics Committee, the Depart-
ment of Education and Training Victoria, and the
Catholic Education Office. Active informed parental
consent was required at each data collection point. Par-
ents and the older children completed self-administered
questionnaires and children wore accelerometers for one
week at each time-point.

Measures
Active Transport
At each time-point, parents of the younger cohort
reported how often per week their children walked/
cycled to neighborhood destinations including school,
sports facilities, shops and friends’ homes [16,17]. The
older cohort self-reported these frequencies. Frequency
values (in parentheses) were assigned to each response
category: (0) “not within walking/riding distance"; (0)
“never/rarely"; (0.5) “less than once per week"; (1.5) “one
to two times per week"; (3.5) “three to four times per
week"; (5.5) “five to six times per week"; and (7) “daily”.
The number of active trips per week was computed, and
moderate to high test-retest reliability was demonstrated
over a one week period among 53 parents (ICC = 0.86)
and 66 adolescents aged 13-15 years (ICC = 0.68).
Physical Activity
Physical activity was objectively monitored for eight con-
secutive days at each time point using a hip-mounted
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uni-axial accelerometer (Actigraph model 7164, Fort
Walton Beach, Florida, USA). The epoch length was 60
seconds. Children were instructed to wear the acceler-
ometer during all waking hours except during water-based
activities (e.g. swimming, showering). Accelerometers are
a valid objective monitor for assessing free-living physical
activity in paediatric populations [18].
Data Management and Reduction
Data were downloaded according to manufacturer
guidelines. The first day’s recorded data were discarded.
Data were processed using a customized Excel macro.
Non-wear was defined as sustained bouts of 20 minutes
of zero counts, and the total duration of these periods
represented the duration for which the monitor had not
been worn [19]. For inclusion in the analyses, each par-
ticipant was required to have recorded counts for a
minimum of 8 hours a day on at least 4 days (including
a minimum of 1 weekend day) at each time point.
Age-specific cut-points [20] determined time spent in

moderate physical activity (MPA; 4-5.99 METS; [21])
and vigorous physical activity (VPA; >6.0 METS). MPA
and VPA were summed to obtain moderate-to-vigorous
physical activity (MVPA). Time spent (minutes) engaged
in MVPA per valid day by each participant was com-
puted, as well as the mean time spent engaged in
MVPA on week days and weekend days.

Data Analyses
Analyses were conducted using SPSS v17 and Stata/SE
v10 for participants with accelerometer data at all three
time-points. Descriptive analyses were performed to
examine the mean number of active trips and mean
time spent in MVPA for boys and girls within each
cohort at each time-point.
Tracking of active transport and of MVPA was exam-

ined over five years among boys and girls in each cohort
using General Estimating Equations (GEE). Tracking of
physical activity is considered ‘low’; ‘moderate’ or ‘high’
if correlations between repeated measures have values
less than 0.30, from 0.30 to 0.6 or above 0.6, respectively
[8]. Stability coefficients were computed for each out-
come variable using the methods of Twisk [22]. First, a
first-order autoregressive model was utilized to predict
the value of each variable at time t from the corre-
sponding value at time t-1:

Yit = β0 + β1Yi(t−1) + εit

where Yit is the outcome variable value for subject i at
time t, b0 is the intercept, b1 is the autoregression
(tracking) coefficient, Yi(t-1) is the outcome variable
value for subject i at time t - 1 and εit is the error for
subject i at time t. It was assumed all outcome variables
had a Poisson distribution and their correlation patterns

were unstructured. Second, tracking coefficients were
standardized by applying the formula:

βs = β

(
sd(Yt−1)
sd(Yt)

)

where bs is the standardized tracking coefficient, b is
the non-standardized tracking coefficient, sd(Yt-1) and
sd(Yt) are the standard deviations of the outcome vari-
ables at times t-1 and t, respectively [[22], p. 229].
In addition, linear regression analyses were performed

to examine how active transport was associated with
MVPA at each time-point. Analyses were stratified by
sex and by cohort.

Results
Almost half (47%) of the baseline sample were boys. In
most cases (82%) the parent survey was completed by
the mother, and over one third (35%) of all mothers
were tertiary educated. There were no significant differ-
ences between participants and non-participants at T2
according to maternal employment status, sex of the
child/adolescent, or the number of times the child/ado-
lescent walked to school per week. However, partici-
pants’ mothers were more likely to be tertiary educated
than not to have completed secondary school (OR =
1.99, 95% CI = 1.48 to 2.67). Furthermore, compared
with non-participants at T2, participants, on average,
engaged in 40 minutes more MVPA on week days (95%
CI = 32 to 48) and 41 minutes more on weekend days
(95% CI = 31 to 50) at baseline. When those who parti-
cipated at T2 but not at T3 were compared with partici-
pants at T3, there were no significant differences in
maternal education, maternal employment status, sex of
the child/adolescent or the number of times the child/
adolescent walked to school per week. In addition, there
were no significant differences in mean MVPA recorded
on week days at T2 by T3 participants compared with
non-participants, but on average T3 participants
engaged in 20 minutes more (95% CI = 1 to 38) MVPA
on weekend days.
The mean number of active trips and mean duration

of MVPA at each time-point for boys and girls in each
cohort are presented in Table 1. With the exception of
younger girls, on average, participants made more active
trips at T3 than T1. However, there were declines in
overall duration of MVPA on average on all days, on
week days, and on weekends between T1 and T3.
Standardized tracking coefficients for active transport

and MVPA are presented in Table 2. Active transport
tracked moderately over five years among younger boys
and girls, but did not track significantly among the
older cohort. MVPA tracked moderately for boys and
girls in both cohorts in each of the periods examined.
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Cross-sectional associations between active transport
and MVPA at each time-point are presented in Table 3.
There were no significant associations between active
transport and MVPA among younger boys and girls. At
both T1 and T2, active transport was positively asso-
ciated only with older boys’ MVPA on week days and
accounted for 6.0% and 4.9%, respectively, of the var-
iance in MVPA. At T3, however, active transport was
associated with (and accounted for 7.3% of the variance
in) older boys’ daily MVPA and with their MVPA on
week days (accounting for 4.8% of the variance), as well
as with older girls’ daily MVPA, their MVPA on week

days and on weekends. Active transport accounted for
5.7% of the variance in older girls’ daily MVPA, 4.0% of
the variance in their MVPA on week days, and 7.0% of
the variance in their MVPA on weekends.

Discussion
This study is among the first to examine how active
transport is associated with physical activity among chil-
dren and adolescents over time and is particularly novel
in examining tracking of active transport across child-
hood and adolescence. Among the strengths of this
study is the inclusion of data (including objectively-mea-
sured physical activity) from two distinct age-groups,
and the collection of data at three time-points over five
years. While initial increases in active transport may not
appear to reconcile decreases in physical activity levels,
it is important to note (a limitation of the study) that
only frequency of trips was examined in this study and
not the length and duration of each walking/cycling trip.
Two further limitations should be acknowledged. Firstly,
as a range of accelerometer cut-points and MET values
have been published in the literature to define MPA and
VPA in youth, our findings are applicable only to the
cut-points and the definition of MPA (>4 METs) used
in this study. Secondly, hip-worn accelerometers may
not accurately measure (and under-estimate) non-
ambulatory activities such as cycling [23].
Active transport was shown to track moderately

among the children but not among the adolescents. By
contrast, physical activity tracked moderately over five
years for all participant groups. One explanation of the
lack of tracking of active transport among adolescents is
that they made the transition from primary to secondary
school between T1 to T2, whereas the younger cohort
remained in primary school for the duration of the
study. The transition from primary to secondary school
often involves a change in physical location of schooling
as well as variation in peer groups [24], both of which
may influence active transport behaviours. At this time
children are often granted greater independent mobility
by their parents [1,6,24]. The increases in active trans-
port among adolescents between T1 and T2 may be
indicative of this, but the lack of tracking highlights that
these behaviours are highly variable and amenable to
change in response to external factors as participants
did not maintain their relative rank. Active transport
behaviours among children attending primary school
appear quite stable, suggesting that it is important to
develop appropriate strategies to promote and support
these behaviours at the beginning of primary school.
While physical activity tracked moderately over time,

our findings demonstrated that its association with
active transport changed over time. Active transport
became more strongly associated with MVPA during

Table 1 Mean (s.d.) number of active trips and minutes
of moderate-to-vigorous physical activity at each time-
point.

Younger cohort Older cohort

Boys
(n = 71)

Girls
(n = 63)

Boys
(n = 82)

Girls
(n = 119)

Active trips (n)

T1 5.9 (4.4) 6.5 (6.0) 10.3 (6.4) 8.2 (6.9)

T2 6.2 (5.1) 5.2 (4.6) 12.8 (8.1) 10.2 (9.1)

T3 8.8 (7.1) 6.0 (5.3) 11.8 (7.2) 10.3 (8.3)

MVPA daily (min)

T1 154.2 (34.4) 131.8 (30.4) 86.8 (42.8) 66.4 (33.0)

T2 117.5 (31.6) 88.6 (23.7) 59.1 (40.1) 40.9 (25.9)

T3 85.2 (29.4) 57.0 (20.4) 40.3 (17.8) 24.4 (14.8)

MVPA on week
days (min)

T1 156.6 (33.2) 135.1 (31.8) 89.6 (36.4) 71.0 (34.9)

T2 120.2 (30.0) 89.5 (24.0) 65.3 (46.2) 45.4 (28.7)

T3 89.7 (31.2) 60.0 (20.8) 46.0 (24.1) 27.0 (16.1)

MVPA weekend
days (min)

T1 147.9 (51.6) 125.3 (41.7) 70.1 (45.9) 51.4 (30.2)

T2 110.5 (51.2) 85.2 (39.0) 45.0 (42.8) 28.2 (28.6)

T3 72.8 (38.0) 48.5 (30.9) 25.4 (27.2) 15.5 (17.0)

Table 2 Standardized tracking coefficients for active
transport and moderate-to-vigorous physical activity
stratified by cohort and sex

Tracking (b) coefficients

Younger cohort Older cohort

Boys
(n = 71)

Girls
(n = 63)

Boys
(n = 82)

Girls
(n = 119)

Active trips 0.36*** 0.51*** 0.06 0.10

MVPA daily 0.55*** 0.49*** 0.45*** 0.36***

MVPA week days 0.53*** 0.44*** 0.49*** 0.33***

MVPA - weekend days 0.47*** 0.45*** 0.38*** 0.36***

*** p < 0.001 - p values refer to non-standardized coefficients
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adolescence, possibly due to increased independent
mobility. Active transport was associated more with
boys’ MVPA (than with girls’ MVPA) at an earlier age,
possibly because boys are granted independent mobility
at an earlier age than are girls [1,25]. However, later in
adolescence, there were more associations between
active transport and MVPA across the whole week
among girls. Therefore, active transport may be an
important source of habitual physical activity for adoles-
cent girls, among whom low and declining physical
activity levels have been reported in developed countries
[26-29], and the need to support this behaviour is
paramount.
This research emphasizes the requirement for local

government, urban planners and policy-makers to pro-
mote active transport through the design of the built
environment [30,31]. From an urban planning perspec-
tive, in order to encourage active transport it is essential
that appropriate walkable destinations such as shops,
school, medical centres and recreational facilities are
located in residential areas [32]. To further support
walking and cycling, physical infrastructure such as bike
paths and/or lanes, walking tracks and pedestrian cross-
ings are required, as well as traffic-calming measures on
residential streets to create pedestrian- and child-
friendly environments [17,33].

Conclusions
While active transport should be encouraged among all
school-aged children, it is especially important to
promote continuing this behaviour, during adolescence
when overall physical activity levels have been
shown to decrease, particularly among girls. There is
also a need to promote other supplementary forms of

physical activity in order to increase adolescents’ over-
all physical levels. Tailored interventions may be
required to ensure that adolescents continue to walk/
cycle for transport once they are old enough (e.g. 18
years of age, in the State of Victoria, Australia) to
obtain their drivers’ licence. As well as promoting the
health benefits of walking and cycling, interventions
could emphasize the low cost of these transport modes
compared with driving, and how beneficial sustainable
transport is by reducing carbon emissions, noise pollu-
tion and dependence on fossil fuels [3] and promoting
social interaction.
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Table 3 Cross-sectional associations between number of active trips and MVPA at three time-points

Regression coefficient (95% CI)

Younger Boys Younger Girls Adolescent Boys Adolescent Girls

T1 Age 5-6 years Age 5-6 years Age 10-12 years Age 10-12 years

MVPA daily -1.46 (-3.31, 0.39) 0.21 (-1.08, 1.51) 1.06 (0.40, 2.52) -0.09 (-0.96, 0.79)

MVPA week days -1.15 (-2.95, 0.64) 0.43 (-0.91, 1.78) 1.37 (0.15, 2.59)* 0.07 (-0.86, 0.99)

MVPA weekends -1.84 (-4.66, 0.97) 0.24 (-1.59, 2.06) 0.33 (-1.32, 1.98) -0.48 (-1.04, 0.57)

T2 Age 8-9 years Age 8-9 years Age 13-15 years Age 13-15 years

MVPA daily 0.94 (-0.51, 2.40) -0.06 (-1.36, 1.25) 1.07 (-0.01, 2.15) 0.34 (-0.18, 0.86)

MVPA week days 0.78 (-0.61, 2.16) 0.10 (-1.23, 1.42) 1.27 (0.03, 2.51)* 0.55 (-0.02, 1.12)

MVPA weekends 1.60 (-0.78, 3.99) -0.41 (-2.63, 1.81) 0.80 (-0.38, 1.98) -0.11 (-0.70, 0.49)

T3 Age 10-11 years Age 10-11 years Age 15-17 years Age 15-17 years

MVPA daily 0.59 (-0.39, 1.57) 0.69 (-0.26, 1.63) 0.67 (0.14, 1.20)* 0.44 (0.11, 0.77)*

MVPA week days 0.50 (-0.54, 1.54) 0.69 (-0.27, 1.65) 0.74 (0.01, 1.47)* 0.40 (0.04, 0.76)*

MVPA weekends 0.87 (-0.40, 2.15) 0.27 (-1.25, 1.79) 0.68 (-0.24, 1.60) 0.54 (0.16, 0.93)**

* p < 0.05; ** p < 0.01; ***, p < 0.001

Carver et al. International Journal of Behavioral Nutrition and Physical Activity 2011, 8:126
http://www.ijbnpa.org/content/8/1/126

Page 5 of 6



References
1. Hillman M, Adams J, Whitelegg J: One False Move...: A Study of Children’s

Independent Mobility London: PSI Publishing; 1990.
2. Salmon J, Timperio A, Cleland V, Venn A: Trends in children’s physical

activity and weight status in high and low socio-economic status areas
of Melbourne, Victoria, 1985-2001. Aust N Z J Public Health 2005,
29:337-332.

3. Bauman A, Rissel C, Garrard J, Ker I, Speidel R, Fishman E: Cycling: Getting
Australia Moving: Barriers, facilitators and interventions to get more Australians
physically active through cycling Cycling Promotion Fund, Melbourne; 2008.

4. Raitakari O, Porkka K, Taimela S, Telama R, Rasanen L, Viikari J: Effects of
persistent physical activity and inactivity on coronary risk factors in
children and young adults. Am J Epidemiol 1994, 140:195-205.

5. Trost S: Discussion paper for the development of recommendations for
children’s and youth’s participation in health promoting physical activity
Australian Government Department of Health & Ageing, Canberra; 2005.

6. Hillman M: Children’s rights and adults’ wrongs. Children’s Geographies
2006, 4:61-67.

7. Tudor-Locke C, Ainsworth BE, Popkin BM: Active commuting to school: an
overlooked source of children’s physical activity? Sports Medicine 2001,
31(5):309-313.

8. Malina R: Tracking of physical activity and physical fitness across the
lifespan. Research Quarterly for Exercise and Sport 1996, 67:48-57.

9. Faulkner G, Buliung R, Parminder K, Fusco C: Active school transport,
physical activity levels and body weight of children and youth: A
systematic review. Prev Med 2009, 48:3-8.

10. Lubans DR, Boreham CA, Kelly P, Foster CE: The relationship between
active travel to school and health-related fitness in children and
adolescents: A systematic review. International Journal of Behavioral
Nutrition and Physical Activity 2011, 8, article 5.

11. Davison KK, Werder JL, Lawson CT: Children’s active commuting to school:
current knowledge and future directions. Prev Chronic Dis 2008, 5(3):1-11.

12. Salmon J, Salmon L, Crawford DA, Hume C, Timperio A: Associations
among individual, social, and environmental barriers and children’s
walking or cycling to school. American Journal of Health Promotion 2007,
22:107-113.

13. Timperio A, Ball K, Salmon J, Roberts R, Simmons D, Baur L, Crawford D:
Personal, Family, Social, and Environmental Correlates of Active
Commuting to School. American Journal of Preventive Medicine 2006,
30(1):45-51.

14. Brooks F, Magnusson J: Physical activity as leisure: The meaning of
physical activity for the health and well-being of adolescent women.
Health Care for Women International 2007, 28:69-87.

15. Malina R: Tracking of physical activity across the lifespan. President’s
Council on Physical Fitness and Sports Research Digest 2001, 3(14):1-8.

16. Timperio A, Crawford D, Telford A, Salmon J: Perceptions of the local
neighborhood and walking and cycling among children. Preventive
Medicine 2004, 38(1):39-47.

17. Carver A, Timperio A, Hesketh K, Crawford D: Are safety-related features of
the road environment associated with smaller declines in physical
activity among youth? Journal of Urban Health 2010, 87(1):29-43.

18. Trost SG, Ward DS, Moorehead SM, et al: Validity of the computer science
and applications (CSA) activity monitor in children. Med Sci Sports Exerc
1998, 30:629-33.

19. Catellier DJ, Hannan PJ, Murray DM, et al: Imputation of missing data
when measuring physical activity by accelerometry. Med Sci Sports Exerc
2005, 37:S555-62.

20. Freedson PS, Sirard J, Debold E, et al: Calibration of the Computer and
Science Applications, Inc (CSA) accelerometer. Med Sci Sports Exerc 1997,
29(Suppl):S45.

21. Trost SG, Loprinzi PD, Moore R, Pfeiffer KA: Comparison of accelerometer
cut-points for predicting physical activity in youth. Med Sci Sports Exerc
2011, 43(7):1360-1368.

22. Twisk JWR: Applied longitudinal data analyses for epidemiology: A practical
guide Cambridge University Press; 2003.

23. Corder K, Brage S, Ekelund U: Accelerometers and pedometers:
methodology and clinical application. Current Opinion in Clinical Nutrition
and Metabolic Care 2007, 10(5):597-603.

24. Valentine G: My Son’s a Bit Dizzy.’ ‘My wife’s a Bit Soft’: gender, children,
and cultures of parenting. Gender, Place and Culture 1997, 4(1):37-62.

25. Prezza M, Pilloni S, Morabito C, Sersante C, Alparone F, Giuliani M: The
influence of psychosocial and environmental factors on children’s
independent mobility and relationship to peer frequentation. Journal of
Community and Applied Social Psychology 2001, 11:435-450.

26. Boreham C, Twisk J, Neville C, Savage M, Murray L, Gallagher A:
Associations Between Physical Fitness and Activity Patterns During
Adolescence and Cardiovascular Risk Factors in Young Adulthood: The
Northern Ireland Young Hearts Project. International Journal of Sports
Medicine 2002, 23:S22-26.

27. Kimm SYS, Glynn NW, Obarzanek E, Kriska A, Daniels SR, Barton BA, Liu K:
Relation between the changes in physical activity and body-mass index
during adolescence: a multicentre longitudinal study. The Lancet 2005,
366:301-307.

28. Van Mechelen W, Kemper HCG: Habitual physical activity in longitudinal
perspective. In The Amsterdam growth study: a longitudinal analysis of
health, fitness, and lifestyle. Edited by: Kemper HCG. Champaign: Human
Kinetics; 1995:135-158.

29. Dumith SC, Gigante DP, Domingues MR, Kohl HW III: Physical activity
change during adolescence: a systematic review and a pooled analysis.
Int. J. Epidemiol 2011, 40(3):685-698.

30. Australian Government Dept of Health and Ageing: Taking Preventative
Action - A Response to Australia: The Healthiest Country by 2020 -The Report
of the National Preventative Health Taskforce Canberra; 2010.

31. Sallis J, Kerr J: Physical activity and the built environment. President’s
Council on Physical Fitness and Sports Research Digest 2006, 7(4):1-8.

32. Frank LD, Schmid TL, Sallis JF, Chapman J, Saelends BE: Linking objectively
measured physical activity with objectively measured urban form:
Findings from SMARTRAQ. Am J Prev Med 2005, 28:117-125.

33. Carver A, Timperio A, Crawford D: Neighborhood road environments and
physical activity among youth: the CLAN Study. Journal of Urban Health
2008, 85:532-544.

doi:10.1186/1479-5868-8-126
Cite this article as: Carver et al.: How is active transport associated with
children’s and adolescents’ physical activity over time? International
Journal of Behavioral Nutrition and Physical Activity 2011 8:126.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Carver et al. International Journal of Behavioral Nutrition and Physical Activity 2011, 8:126
http://www.ijbnpa.org/content/8/1/126

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/16222931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16222931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16222931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8030623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8030623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8030623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22087451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11347681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11347681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19014963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19014963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19014963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18019887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18019887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18019887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16414423?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16414423?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17148109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17148109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22084468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14672640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14672640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19949995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19949995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19949995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9565947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9565947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16294118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16294118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21131873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21131873?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17693743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17693743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12012258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12012258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12012258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21245072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21245072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22084468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15694519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15694519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15694519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18437579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18437579?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Sample
	Measures
	Active Transport
	Physical Activity
	Data Management and Reduction

	Data Analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	Authors' contributions
	Competing interests
	References

