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Abstract

three distinct time-points, over five years.

active transport and MVPA at each time-point.

0.16, 0.93)) at T3 only.
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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

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

Results: Active transport tracked moderately among children (boys, Bs = 0.36; girls, B = 0.51) but not among
adolescents. Physical activity tracked moderately (85 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% Cl: 0.15, 2.59)), at T2 (B = 1.27 (95% Cl: 0.03, 2.51)) and at T3 (B = 0.74 (95% Cl: 0.01, 1.47)),
and with adolescent girls’ MVPA on week days (B = 0.40 (95% Cl: 0.04, 0.76)) and on weekends (B = 0.54 (95% Cl:

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.

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
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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
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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:

Yie = Bo + IgIYi(t—l) + Eit

where Y}, is the outcome variable value for subject i at
time t, Bo is the intercept, B; is the autoregression
(tracking) coefficient, Y;.1) is the outcome variable
value for subject i at time t - 1 and ¢ is the error for
subject i at time t. It was assumed all outcome variables
had a Poisson distribution and their correlation patterns
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were unstructured. Second, tracking coefficients were
standardized by applying the formula:

oer ()

where B is the standardized tracking coefficient,  is
the non-standardized tracking coefficient, sd(Y,.;) and
sd(Y,) 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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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 Girls Boys Girls

(n=71) (n=63) (=82 (n=119)
Active trips (n)
T 59 (44) 6.5 (6.0) 10.3 (64) 8.2 (6.9)
T2 6.2 (5.1) 52 (46) 128 (8.1) 102 (9.1)
T3 88 (7.1) 6.0 (5.3) 118 (7.2) 103 (83)
MVPA daily (min)
1 1542 (344) 1318 (304) 8638 (42.8) 664 (33.0)
™ 1175 (316) 886 (23.7) 59.1 (40.1) 40.9 (25.9)
T3 852 (294) 570 (204) 403 (17.8) 244 (148)
MVPA on week
days (min)
T 156.6 (33.2) 135.1 (31.8) 896 (364) 710 (34.9)
T2 120.2 (30.0) 895 (24.0) 653 (46.2) 454 (28.7)
T3 89.7 31.2) 600 (20.8) 460 (24.1) 270 (16.1)
MVPA weekend
days (min)
T 1479 (51.6) 1253 (41.7) 70.1 (459) 514 (30.2)
T2 1105 (51.2) 852 (39.0) 450 (428) 282 (286)
T3 728 (380) 485309 254 ((272) 155(17.0)

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

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

Tracking (B) coefficients
Older cohort

Younger cohort

Boys Girls Boys Girls

mM=71) (=63) (n=82) (n=119)
Active trips 0.36%** 0.57%x* 0.06 0.10
MVPA daily 0.55%** 0.49%** 0.45%** 0.36***
MVPA week days 0.53%** 0447 0497 0.33%%
MVPA - weekend days — 047%** 0.45%** 0.38*** 0.36%**

*** p < 0.001 - p values refer to non-standardized coefficients
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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 METSs) 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
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Table 3 Cross-sectional associations between number of active trips and MVPA at three time-points

Regression coefficient (95% Cl)

Younger Boys

Younger Girls

Adolescent Boys

Adolescent Girls

T1

MVPA daily
MVPA week days
MVPA weekends

T2

MVPA daily
MVPA week days
MVPA weekends

T3

MVPA daily
MVPA week days
MVPA weekends

Age 5-6 years

-146 (-3.31, 0.39)
-1.15 (-2.95, 0.64)
-1.84 (-4.66, 0.97)

Age 8-9 years
0.94 (-0.51, 2.40)
0.78 (-061, 2.16)
1.60 (-0.78, 3.99)

Age 10-11 years
0.59 (-0.39, 1.57)
0.50 (-0.54, 1.54)
0.87 (-040, 2.15)

Age 5-6 years

021 (-1.08, 1.51)
043 (-091, 1.78)
0.24 (-1.59, 2.06)

Age 8-9 years

-0.06 (-1.36, 1.25)
0.10 (-1.23, 142)
-041 (-2.63, 1.81)

Age 10-11 years
0.69 (-0.26, 1.63)
0.69 (-0.27, 1.65)
0.27 (-1.25, 1.79)

Age 10-12 years
1.06 (040, 2.52)
1.37 (0.15, 2.59)*
033 (-1.32, 1.98)

Age 13-15 years
1.07 (-0.01, 2.15)
1.27 (0.03, 2.51)*
0.80 (-0.38, 1.98)

Age 15-17 years
0.67 (0.14, 1.20)*
0.74 (0.01, 1.47)*
0.68 (-0.24, 1.60)

Age 10-12 years
-0.09 (-0.96, 0.79)
0.07 (-0.86, 0.99)

-048 (-1.04, 0.57)

Age 13-15 years
034 (-0.18, 0.86)
0.55 (-0.02, 1.12)
-0.11 (-0.70, 0.49)

Age 15-17 years
0.44 (0.11, 0.77)*
0.40 (0.04, 0.76)*
0.54 (0.16, 0.93)**

*p < 0,05 * p < 0.01; ***, p < 0.001

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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