Citation for published version:
Koorts, H, Mattocks, C, Ness, AR, Deere, K, Blair, SN, Pate, RR & Riddoch, C 2011, 'The association between
the type, context, and levels of physical activity amongst adolescents', Journal of Physical Activity & Health, vol.
8, no. 8, pp. 1057-1065.

Publication date:
2011

Link to publication

University of Bath

Alternative formats
If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 17. May. 2021

Journal of Physical Activity and Health, 2011, 8, 1057-1065
© 2011 Human Kinetics, Inc.

The Association Between the Type, Context, and Levels
of Physical Activity Amongst Adolescents
Harriet Koorts, Calum Mattocks, Andy R. Ness, Kevin Deere, Steven N. Blair,
Russell R. Pate, and Chris Riddoch
Background: Little is known about how the type and context of physical activity behaviors varies among
adolescents with differing activity levels. The aim of this study was to assess differences in the type and con
text of physical activity behaviors in adolescents by level of objectively measured physical activity. Methods:
Cross-sectional analysis of 2728 adolescents (1299 males, 1429 females) participating in the Avon Longitudinal
Study of Parents and Children (ALSPAC). The mean (SD) age was 13.8 (+0.1) years. Physical activity was
measured using an Actigraph over 7 days. Adolescents were categorized into tertiles of activity (less, mod
erately, highly active) using counts/min and min/d of moderate-to-vigorous activity (MVPA). Activity type
was reported using the Previous Day Physical Activity Recall (PDPAR). Differences in the type and context
of activity by activity level were analyzed using Chi squared. Results: Highly active boys reported more job,
outside, and sports activities on school days (P < .05), and more sports activities on nonschool days (P < .05).
Highly active girls reported more outside activities on school days (P < .05). Conclusions: Identifying the
type and context of physical activity behaviors associated with more active adolescents, can help inform policy
and physical activity interventions aimed at increasing activity levels in adolescents.
Keywords: epidemiology, accelerometry, school and nonschool, longitudinal studies, questionnaires
Low levels of physical activity are ubiquitous in
Western societies and have major implications for health.1
Despite recommendations that children and adolescents
spend 60 minutes per day in moderate-to-vigorous physical activity (MVPA),1 a large proportion of children and
adolescents fail to achieve these levels.2,3 This may impact
public health, as a physically active childhood has many
established benefits, including improved bone health,4 a
reduced risk of obesity,5,6 and a lower risk of developing
type II diabetes.7 A physically active childhood has also
been linked to higher activity levels in later life.8,9
It has also been reported that boys are generally more
active than girls, and participate in greater amounts of
MVPA.10,11 It is also known that boys and girls exhibit
different daily patterns of physical activity.12 However,
very little is known about how the type and context of
physical activity varies between adolescents of differing
activity levels. Research to date has shown that school
and after school based physical activity programs have a
mixed impact on the physical activity levels of children
and adolescents.13–15 There is limited evidence on the
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associations between the school and after school environment, and the physical activity levels of adolescents.16,17
Hence, our understanding of the range of determinants
likely to influence adolescent’s activity levels is incom
plete.18 Knowledge of the type and context in which active
adolescents achieve their higher activity levels has the
potential to improve our ability to formulate more effec
tive interventions and public health policies.
The aim of this study was therefore to assess differences in the type and context of physical activity in adolescents of differing objectively measured activity levels.

Methods
Study Population
The analysis was conducted using data from adolescents
participating in the Avon Longitudinal Study of Parents
and Children (ALSPAC), a birth cohort study located
in the southwest of England (http://www.alspac.bris.
ac.uk).19 A total of 14541 pregnant women were recruited,
resulting in 14062 live births, with an estimated due date
between April 1991 and December 1992.19 Detailed data
have since been collected from the children, their mothers, and partners. From age 7 onwards, the children have
been invited to attend research clinics, in order for further
physiological and psychometric data to be collected.18,19
All adolescents who attended the ALSPAC study clinic
at age 13 were asked to wear an Actigraph accelerometer
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for 7 days. Data were collected during January 2005 to
October 2006. Ethical approval for the study was obtained
from the ALSPAC Law and Ethics Committee, and Local
Research Ethics Committees.

Measurement
Physical Activity. Physical Activity was measured at

about age 14 years using the Actigraph accelerometer
(Actigraph; LLC, Fort Walton Beach, Fl), worn over a
7-day period. Data were collected from January 2005
to October 2006. The Actigraph is an electronic motion
sensor comprising a single plane (vertical) accelerometer,
which is small and light and was worn on the right hip.
Actigraphs were initialized to start recording at 5 AM on
the day following each clinic visit. A measurement epoch
of 1 minute was used, and the adolescents were asked
to wear the Actigraph during waking hours and only to
take it off for showering, bathing, or any water sports.20
A daily timesheet was provided to record the times the
Actigraph was put on and taken off, and the reason for
doing so. Participants were also asked to record any
times (in minutes) that they swam or cycled each day.
Actigraphs were posted back, and data were downloaded
using the Actigraph Reader Interface Unit and software.20
The Actigraph has been comprehensively validated for
use with children and adolescents, against heart-rate
telemetry,21 indirect calorimetry,22,23 and doubly labeled
water.24
Derivation of Physical Activity Variables . Two
physical activity variables were calculated; total physical
activity, measured as the average accelerometer counts/
min over the period of valid recording, and the average
minutes of MVPA recorded per valid day of activity
measurement. Minutes of MVPA per day, was selected
as the primary outcome variable as current physical
activity recommendations are framed in terms of time
spent each day in MVPA1 and we have previously shown
that MVPA may be a more important determinant of
obesity than counts/min.25 The cut point for MVPA (3600
counts/min) were derived from a calibration study of 246
children in which Actigraph counts/min were compared
with oxygen uptake.26 Data were considered valid if the
Actigraph had been worn for at least 10 hours per day for
at least 3 of the 7 days. This is a level previously shown
as providing good power and reliability.20 Ten or more
minutes of consecutive zeros were regarded as periods in
which the monitor was unworn, and these were deleted
from each file.27 If on any one day the average counts/min
was less than 150 or the average counts/min more than 3
SDs above the mean,28 we excluded this day of recording
because we considered this level of physical activity to be
behaviorally implausible.20 Although a weekend day was
not specified to fulfill validity criteria, 84% of children
had at least 1 weekend day of recording.20 Participants
were categorized into gender-specific tertiles of activity,
(T1 = less active; T2 = moderately active; T3 = highly

active) firstly by min/d of MVPA and secondly by counts/
min. Gender specific tertiles were used as boys are
consistently shown to be more active than girls,11,29 and
have different patterns of physical activity.12 Analyses
were conducted for both sets of data, and MVPA and
counts/min were adjusted for the accelerometer season of
wear, and MVPA for the average minutes wear time. As
the results for the counts/min and min/d of MVPA showed
a similar pattern, we report only the results for MVPA.
Questionnaire Data. During the research clinic visit,
participants completed a computer based questionnaire
in which they recorded their previous day’s activities.
For all participants, the day for which activity
information was collected was 2 days before the first day
of accelerometer measurement. The tertiles of activity
from the accelerometers were generated after completion
of the questionnaire. The questionnaire was based on
the Previous Day Physical Activity Recall questionnaire
(PDPAR),30 adapted to be suitable for British children.
Questions on the amount and intensity of physical
activity were omitted as the purpose was to provide
information on the type and context of activities. The
questionnaire took around 10 minutes to complete. Six
different categories of activities were presented to the
children; each category had a drop down list of activities.
Comprehensive lists of activities were compiled from
available databases of children’s activities, including
other questionnaires, national surveys, Sport England
databases. Participants were asked to tick the activities
in which they had participated, during the previous
day. For each selected activity, they also reported the
time of day it was performed. Table 1 shows the 6
different categories of activity that were included in the
questionnaire. Table 2 shows the different times of day,
on a school day and nonschool day, that were included
in the questionnaire.

Statistical Analysis
Means and standard deviations (SD) were calculated for
normally distributed variables, medians, and interquartile
ranges (IQR) were calculated for variables not normally
distributed. Each activity reported by the child was
recorded as 1 ‘occasion’ of activity. The total number of
reported occasions of activity was then calculated within
each of the 6 activity categories. The total number of
reported occasions of activity was calculated for each
child in each tertile and this data were used for the analy
sis. This process was repeated for school and nonschool
days, appropriate to the day the participant was reporting,
and also within each time segment of the day. Differences
between the proportions of activities in activity tertiles
were analyzed using the Chi squared test. MVPA was
adjusted for minutes worn to account for variations in
wear time and both MVPA and counts/min were adjusted
for season of measurement. All statistical analyses were
conducted using SPSS v.14 for Windows and Stata 10.

Type Context Physical Activity in Adolescents

1059

Table 1 Categories of Activity and Activity Examples, Presented
in the PDPAR Questionnaire
Category of activity
Housework
Outside activities
Active job
Sedentary time
Sports participation
Active travel (walk)

Example of activity
Tidying up, meal preparation, gardening
Skateboarding, riding a bike
Paper round, Girl Guides, Scouts
Listening to music, homework, computer games
Netball, table tennis, football
Car, cycling, bus

Table 2 Times of the Day on School and Nonschool Day, Presented in the PDPAR Questionnaire
Time of day
1
2
3
4
5

School day
Get up—start school
Start school—lunch
Lunch break
Lunch—end school
End school—evening meal

6

Evening meal—going to bed

Results
A total of 11,267 adolescents were invited to the 13-year
clinic, of which 6152 attended. Questionnaire data were
obtained from 4344 and accelerometer data from 3759.
Questionnaire and accelerometer data were available
from 3304 adolescents. Participants with less than 600
minutes per day of valid accelerometer data over a period
of at least 3 days were excluded from the analysis, N =
576 (302 boys and 274 girls). Some small differences
have previously been found between the characteristics
of those who provided valid accelerometry data and
those who did not. There were differences in terms of
age, weight, body mass index, sex, and pubertal status;
however, the size of these differences was small.20 The
final sample with complete and valid data from both
accelerometer and questionnaire was 2728 children
(1299 boys and 1429 girls). This represents 44% of those
attending the clinic.
Questionnaire data representing a school day were
collected from 1715 participants (840 boys and 875 girls),
and from 1013 participants (459 boys and 554 girls) on a
nonschool day. The questionnaire stipulates school days
and nonschool days only, and the accelerometer records
data on a weekday and weekend day only. Although we
are unable to report whether the questionnaire data were
collected on a week or weekend day, 84% of the children
had at least 1 weekend day of accelerometer recording.

Nonschool day
Getting up—breakfast
Breakfast—lunch
Lunch—evening meal
Evening meal—going to bed

The mean (SD) age of the participants was 13.8 (±0.1)
years therefore they are referred to as 14 year olds. Table 3
shows the descriptive and physical activity data for those
participating in the study. It can be seen that boys had
higher levels of total activity compared with girls. Table
4 shows the minutes of MVPA by tertile, on both school
days and nonschool days. Figures 1 and 2 show the dis
tribution of physical activity by activity type and activity
tertile, on school and nonschool days, for boys and girls.
In comparison with less and moderately active
boys, highly active boys reported more job, outside, and
sports activities on school days, and sports activities on
nonschool days. In comparison with less and moderately
active girls, highly active girls reported more outside
activities on school days. Overall, differences between
the activity tertiles were greater on school days compared
with nonschool days.
Tables 5 to 8 show the frequency of activity occa
sions, across tertiles, at different time periods on school
days and nonschool days. There were no differences
observed among boys or girls of differing physical
activity levels, and the frequency of physical activity
participation.
Analyses were also conducted for physical activity
tertiles defined by counts/min. The frequency of physical
activity occasions observed for counts/min was broadly
similar to those for the average mins/day of MVPA, (data
not shown).
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Table 3

Descriptive Statistics of Physical Activity Levels by Gender

Age (years)*
Total physical activity (counts/min)
Total physical activity weekdays (counts/min)
Total physical activity weekend (counts/min)
MVPA (min/day)
MVPA weekdays (min/day)
MVPA weekend (min/day)
Total wear time (min/day)*
Weekday wear time (min/day)*
Weekend day wear time (min/day)*

All

Boys

Girls

N = 2728
13.8 (0.1)
478 (377–609)
490 (386–624)
399 (274–582)
19 (11–31)
21 (12–34)
11 (4–24)
790 (55.2)
804 (62.5)
747 (79.7)

N = 1299
13.8 (0.1)
539 (425–677)
563 (440–693)
426 (285–626)
23 (14–36)
25 (15–39)
13 (5–29)
793 (56.3)
806 (62.6)
756 (81.1)

N = 1429
13.8 (0.1
431 (345–536)
426 (331–543)
375 (268–532)
17 (9–26)
18 (10–28)
9 (3–20)
787 (54.1)
802 (62.4)
738 (77.3)

P
P = 1.00
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Abbreviations: MVPA, moderate-to-vigorous physical activity.
Note. P-values relate to sex differences. Data are median and interquartile range (IQR). Asterisk indicates data are mean and standard deviation (SD).

Table 4

Physical Activity Levels, Mins/d of MVPA, by Activity Tertile
T1: less active
Median (IQR)

N

T2: moderately active
Median (IQR)

N

T3: highly active
Median (IQR)

Total

N

1715
840
875

571
280
291

9 (6, 12.2)
12 (8, 15.1)
7.4 (4.8, 9.8)

572
280
292

20.5 (17.4, 23.5)
25 (21.2, 28.2)
17 (14.6, 19.5)

572
280
292

36.7 (31.2, 46.4)
42.2 (36.2, 51.5)
30.5 (26.2, 38.2)

1013
459
554

337
153
184

7.3 (4.1, 10)
9.3 (5.1, 12.3)
6.3 (3.5, 8.4)

338
153
185

18.1 (15.3, 21.4)
21 (17.7, 25.6)
15.9 (13, 18.8)

338
153
185

37.1 (30.3, 46.7)
42.1 (34.6, 47.7)
30.8 (25.2, 41.6)

School day
All
Boys
Girls
Nonschool day
All
Boys
Girls

Discussion
The main finding of this study is that most active boys par
ticipated in more job, outside, and sport related activities
on school days, and sports activities on nonschool days
than the least active boys. The most active girls partici
pated in more outside activities on school days than the
least active. The frequency of activity participation during
different time periods of the day was unrelated to boy’s
or girl’s activity tertile. Time spent in sedentary activities
was also unrelated to the boy’s or girl’s activity tertile.

Comparison With Other Studies
Involvement in paid work during adolescence has previ
ously been associated with lower levels of leisure time
physical activity in youth.31 In this study involvement
in an active job or volunteer work was associated with
higher activity. It may be that any reduction in leisure
activity resulting from the job may be compensated for
by increases in activity in other domains (eg, informal
play). The activities considered as ‘job’ activities were

a mixture of both paid (eg, paper-round) and unpaid (eg,
Boy Scouts) activities, which might be conducted either
indoors or outdoors. A positive association between the
time spent outdoors and increased physical activity has
previously been suggested32 and our results are in agree
ment with this.
A key and consistent finding in this study is that
the more active boys reported playing more sport. It
has previously been suggested that leisure time physical
activity and sport may be important contributors to higher
physical activity levels.33 Further, studies exploring envi
ronmental correlates of physical activity have shown that
participation in school PE classes and after-school com
munity recreation programs are linked to higher levels of
activity.34 Our results reinforce the potential importance
of formal or informal participation in sport as a means
of achieving higher activity levels in boys of this age.
In addition to the positive associations discussed
above, some of the areas where we detected no associa
tions are also worthy of mention. Previous studies investi
gating TV viewing and its relationship to physical activity
have typically reported weak associations.35,36 This study
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Figure 1 — Frequency of reported PA occasions, by activity tertile, among boys (A) and girls (B) on a school day. Activity tertiles delineated by accelerometer average mins/d of
MVPA. * Indicates differences between activity tertiles, P < .05. T1 = least active tertile.
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Figure 2 — Frequency of reported PA occasions, by activity tertile, among boys (A) and girls (B) on a nonschool day. Activity tertiles delineated by accelerometer average mins/d
of MVPA. * Indicates differences between activity tertiles, P < .05. T1 = least active tertile.
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Total occasions of physical activity performed at 6 different times on a school day
Getting up—breakfast
Breakfast—lunch
Lunch—evening meal
Evening meal—go to bed
422
474
472
361
420
480
493
378
442
468
487
385
X2 = 0.15, df = 2,
X2 = 0.48, df = 2,
X2 = 0.81, df = 2,
X2 = 0.69, df = 2,
P = .71
P = .93
P = .79
P = .67

Daily Distribution of Girl’s Physical Activity by Activity Tertile, Mins/d of MVPA, on a Nonschool Day

T1: less active
T2: moderately active
T3: highly active
Observed differences between
T1, T2, and T3

Table 8

Total occasions of physical activity performed at 6 different times on a school day
Getting up—breakfast
Breakfast—lunch
Lunch—evening meal
Evening meal—go to bed
320
374
385
299
301
380
409
287
335
395
415
327
X2 = 0.61, df = 2,
X2 = 1.25, df = 2,
X2 = 2.77, df = 2,
X2 = 1.82, df = 2,
P = .40
P = .74
P = .54
P = .25

Daily Distribution of Boy’s Physical Activity by Activity Tertile, Mins/d of MVPA, on a Nonschool Day

T1: less active
T2: moderately active
T3: highly active
Observed differences between
T1, T2, and T3

Table 7

Total occasions of physical activity performed at 6 different times on a school day
Getting up—
Start school—
Lunch
Lunch—
End school—
Evening meal—
start school
lunch
break
end of school
evening meal
go to bed
782
225
453
129
856
617
782
264
471
141
900
634
800
270
466
146
870
611
X2 = 0.27, df = 2, X2 = 4.72, df = 2, X2 = 0.37, df = 2, X2 = 1.10, df = 2, X2 = 1.15, df = 2, X2 = 0.46, df = 2,
P = .87
P = .09
P = .83
P = .58
P = .56
P = .80

Daily Distribution of Girl’s Physical Activity by Activity Tertile, Mins/d of MVPA, on a School Day

T1: less active
T2: moderately active
T3: highly active
Observed differences between
T1, T2, and T3

Table 6

Total occasions of physical activity performed at 6 different times on a school day
Getting up—
Start school—
Lunch
Lunch—
End school—
Evening meal—
start school
lunch
break
end of school
evening meal
go to bed
759
270
466
145
819
523
745
300
481
153
794
552
796
322
488
150
879
597
X2 = 1.81, df = 2, X2 = 4.58, df = 2, X2 = 0.53, df = 2, X2 = 0.22, df = 2, X2 = 4.59, df = 2, X2 = 4.99, df = 2,
P = .40
P = .10
P = .77
P = .90
P = .10
P = .08

Daily Distribution of Boys’ Physical Activity by Activity Tertile, Mins/d of MVPA, on a School Day

T1: less active
T2: moderately active
T3: highly active
Observed differences between
T1, T2, and T3

Table 5
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did not find any meaningful differences between the TV
viewing habits of adolescents by activity tertile. Similar
to previous studies of TV watching where gender differ
ences have been typically small,36 we found no gender
differences in TV viewing. These findings therefore
suggest that the frequency TV viewing is not necessar
ily associated with an inactive lifestyle. In particular the
practice of using the frequency of TV viewing as a marker
of a sedentary lifestyle may be inappropriate.37
Active travel has also been previously suggested as
an important way to increase physical activity levels in
children.38 We have previously reported that children who
travel to school by car accrue more minutes of MVPA
during the school week than children who travel by car.39
However we found no differences in the frequency of
active travel by activity tertile in this study. This contrast
may be due to age difference (12 years vs. 14 years) or
due to the differences in the questions asked regarding
active travel. There is mixed evidence to support a positive
association between active travel and increased physical
activity levels.40 It may be that the distance and duration
of active travel is a critical factor in determining whether
adolescents actively commute, and the data from this
study is unable to shed any light on this. It is likely that
both individual and environmental factors have important
influences on adolescents’ active commuting patterns.38
We found no differences in the reported activities
among boys or girls by time of day. These findings are
inconsistent with the results of a recent study which
found that 40% of nonschool physical activity occurred
between the hours 15.30 and 18.30.41 The findings are
also inconsistent with a further study that reported posi
tive associations between physical activity and attendance
at after-school community activity programs.34

Strengths and Limitations
Key strengths of the study are the large sample size, and
the use of accelerometers to objectively measure physi
cal activity. Limitations include potential bias caused by
cohort attrition and nonresponse. Due to the large volume
of data collected, it was not possible to examine each
Actigraph file individually to check for errors, although
files with apparently anomalous values were checked
when they were imported into the Access Macro. Spuri
ous files were also removed at the data cleaning stage
(see Methods section). This may have resulted in some
spurious files being accepted as valid. Valid accelerom
eter data were more likely to come from those of more
socially advantaged backgrounds.20 We have previously
reported however, that both of these potential sources of
bias are likely to be minimal.3 It is acknowledged that
accelerometers are unable to accurately record swim
ming, climbing, lifting, and cycling activities; however, a
previous ALSPAC study of the same children when they
were aged 1218 found that removing those children who
reported swimming and cycling (by self report) from the
analysis did not change the results. Further limitations
are: the 1-minute epoch used in this study may reduce the

amount of vigorous activity reported since children typi
cally move in short discontinuous bursts;23 the computer
based questionnaire provided a retrospective account of
activity, which may lead to some misreporting;42 there
was no distinction in the questionnaire whether the ‘previ
ous day’ was a weekday or weekend day.

Conclusions
This study has demonstrated some clear differences in
the type and context of activities among adolescents,
by tertile of objectively measured physical activity.
Job, outside and sports activities were more commonly
reported among the more active adolescents, and may
be the means by which they achieve their higher activity
levels. These findings may have implications for public
health, as physical activity interventions could be more
effective if targeted at specific activities. Although the
school environment provides a monitored and structured
environment in which to implement interventions, it
seems that consideration of physical activity behaviors
outside of the school environment may also be necessary
to achieve a long term, sustained increase in boys’ and
girls’ physical activity levels.
Acknowledgments
We are extremely grateful to all the families who took part in
this study, the midwives for their help in recruiting them, and the
whole ALSPAC team, which includes interviewers, computer
and laboratory technicians, clerical workers, research scientists,
volunteers, managers, receptionists and nurses. The UK Medical
Research Council, the Wellcome Trust and the University of
Bristol provide core support for ALSPAC. This research was
specifically funded by grants from National Heart, Lung and
Blood Institute (R01 HL071248-01A).

References
1. Department of Health. At least 5 a week: physical activity
and health outcomes: a review of the Chief Medical Officer.
London: Department of Health; 2004.
2. Strong WB, Malina R, Blimkie M, et al. Evidence
based physical activity for school-age youth. J Pediatr.
2005;146(6):732–737.
3. Riddoch CJ, Mattocks C, Deere K, et al. Objective mea
surement of levels and patterns of physical activity. Arch
Dis Child. 2007;92(11):963–969.
4. Brooke-Wavell K, Stensel DJ. Exercise and children’s
bone health. J Fam Health Care. 2008;18(6):205–208.
5. Trost SG, Sirard JR, Dowda M, Pfeiffer KA, Pate RR.
Physical activity in overweight and nonoverweight
preschool children. Int J Obes Relat Metab Disord.
2003;27(7):834–839.
6. Gillis LJ, Kennedy LC, Bar-Or O. Overweight children
reduce their activity levels earlier in life than healthy
weight children. Clin J Sport Med. 2006;16(1):51–55.
7. Dwyer T, Magnussen CG, Schmidt MD, et al. Decline in
physical fitness from childhood to adulthood associated
with increased obesity and insulin resistance in adults.
Diabetes Care. 2008; (Dec):23.

Type Context Physical Activity in Adolescents

8. Hulens M, Beunen G, Claessens AL, et al. Trends in BMI
among Belgian children, adolescents and adults from 1969
to 1996. Int J Obes Relat Metab Disord. 2001;25(3):395–
399.
9. Telama R. Tracking of physical activity from childhood
to adulthood: a review. Obes Facts. 2009;2(3):187–195.
10. Trost S, Pate R, Sallis J, et al. Age and gender differences
in objectively measured physical activity in youth. Med
Sci Sports Exerc. 2002;34(2):350–355.
11. Nader PR, Bradley RH, Houts RM, McRitchie SL, O’Brien
M. Moderate-to-vigorous physical activity from ages 9 to
15 years. JAMA. 2008;300(3):295–305.
12. Nilsson A, Anderssen SA, Andersen LB, et al. Betweenand within-day variability in physical activity and inactiv
ity in 9- and 15-year-old European children. Scand J Med
Sci Sports. 2008; (Feb):1.
13. Timperio A, Salmon J, Ball K. Evidence-based strategies
to promote physical activity among children, adolescents
and young adults: review and update. J Sci Med Sport.
2004;7(1):20–29.
14. van Sluijs EM, McMinn AM, Griffin SJ. Effectiveness of
interventions to promote physical activity in children and
adolescents: systematic review of controlled trials. BMJ.
2007;335(7622):703.
15. Pate RR, O’Neill JR. After-school interventions to
increase physical activity among youth. Br J Sports Med.
2009;43(1):14–18.
16. Ferreira I, van der Horst K, Wendel-Vos W, Kremers S, van
Lenthe FJ, Brug J. Environmental correlates of physical
activity in youth—a review and update. Obes Rev Mar.
2007;8(2):129–154.
17. Salmon J, Timperio A. Prevalence, trends and environmen
tal influences on child and youth physical activity. Med
Sport Sci. 2007;50:183–199.
18. Mattocks C, Deere K, Leary S, et al. Early life determinants
of physical activity in 11 to 12 year olds: cohort study. Br
J Sports Med. 2008;42(9):721–724.
19. Golding J, Pembrey M, Jones R. ALSPAC—the Avon
Longitudinal Study of Parents and Children. I. Study meth
odology. Paediatr Perinat Epidemiol. 2001;15(1):74–87.
20. Mattocks C, Ness A, Leary S, et al. Use of accelerom
eters in a large field-based study of children: protocols,
design issues, and effects on precision. J Phys Act Health.
2008;5(Suppl 1):S98–S111.
21. Janz KF. Validation of the CSA accelerometer for assess
ing children’s physical activity. Med Sci Sports Exerc.
1994;26(3):369–375.
22. Trost SG, McIver KL, Pate RR. Conducting accelerometerbased activity assessments in field-based research. Med Sci
Sports Exerc. 2005;37(11, Suppl):S531–S543.
23. Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation
and calibration of physical activity monitors in children.
Obes Res. 2002;10(3):150–157.
24. Leenders NY, Sherman WM, Nagaraja HN, Kien CL. Eval
uation of methods to assess physical activity in free-living
conditions. Med Sci Sports Exerc. 2001;33(7):1233–1240.
25. Ness AR, Leary SD, Mattocks C, et al. Objectively mea
sured physical activity and fat mass in a large cohort of
children. PLoS Med. 2007;4(3):e97.
26. Mattocks C, Leary S, Ness A, et al. Calibration of an
accelerometer during free-living activities in children. Int
J Pediatr Obes. 2007;2(4):218–226.

1065

27. Riddoch CJ, Bo Andersen L, Wedderkopp N, et al. Physical
activity levels and patterns of 9- and 15-yr-old European
children. Med Sci Sports Exerc. 2004;36(1):86–92.
28. Tremblay MS, Barnes JD, Copeland JL, Esliger DW.
Conquering childhood inactivity: is the answer in the past?
Med Sci Sports Exerc. 2005;37(7):1187–1194.
29. Brodersen NH, Steptoe A, Boniface DR, Wardle J. Trends
in physical activity and sedentary behaviour in adoles
cence: ethnic and socioeconomic differences. Br J Sports
Med. 2007;41(3):140–144.
30. Weston AT, Petosa R, Pate RR. Validation of an instrument
for measurement of physical activity in youth. Med Sci
Sports Exerc. 1997;29(1):138–143.
31. Vilhjalmsson R, Thorlindsson T. Factors related to
physical activity: a study of adolescents. Soc Sci Med.
1998;47(5):665–675.
32. Dunton GF, Whalen CK, Jamner LD, Floro JN. Mapping
the social and physical contexts of physical activity across
adolescence using ecological momentary assessment. Ann
Behav Med. 2007;34(2):144–153.
33. Bowles HR, Merom D, Chey T, Smith BJ, Bauman A.
Associations of type, organization, and number of rec
reational activities with total activity. J Phys Act Health.
2007;4(4):469–480.
34. Gordon-Larsen P, McMurray RG, Popkin BM. Deter
minants of adolescent physical activity and inactivity
patterns. Pediatrics. 2000;105(6):E83.
35. Marshall SJ, Biddle SJ, Gorely T, Cameron N, Murdey
I. Relationships between media use, body fatness and
physical activity in children and youth: a meta-analysis.
Int J Obes Relat Metab Disord. 2004;28(10):1238–1246.
36. Smith NE, Rhodes RE, Naylor PJ, McKay HA. Exploring
moderators of the relationship between physical activity
behaviors and television viewing in elementary school
children. Am J Health Promot. 2008;22(4):231–236.
37. Biddle SJ, Gorely T, Marshall SJ, Murdey I, Cameron N.
Physical activity and sedentary behaviours in youth: issues
and controversies. J R Soc Health. 2004;124(1):29–33.
38. Cooper AR, Andersen LB, Wedderkopp N, Page AS,
Froberg K. Physical activity levels of children who
walk, cycle, or are driven to school. Am J Prev Med.
2005;29(3):179–184.
39. van Sluijs EMF, Fearne VA, Mattocks C, Riddoch C,
Griffin SJ, Ness A. The contribution of active travel to
children’s physical activity levels: cross-sectional results
from the ALSPAC study. Prev Med. 2009;48(6):519–524.
40. Davison KK, Lawson CT. Do attributes in the physi
cal environment influence children’s physical activity?
A review of the literature. Int J Behav Nutr Phys Act.
2006;3:19.
41. Atkin AJ, Gorely T, Biddle SJ, Marshall SJ, Cameron
N. Critical hours: physical activity and sedentary
behavior of adolescents after school. Pediatr Exerc Sci.
2008;20(4):446–456.
42. Oliver M, Schofield GM, Kolt GS. Physical activity in
preschoolers: understanding prevalence and measurement
issues. Sports Med. 2007;37(12):1045–1070.

