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Abstract

Purpose: Adolescents’ physical activity levels during school break time are low and understanding correlates of physical
activity and sedentary time in this context is important. This study investigated cross-sectional and longitudinal associations
between a range of individual, behavioural, social and policy/organisational correlates and objectively measured school
break time physical activity and sedentary time.

Methods: In 2006, 146 adolescents (50% males; mean age = 14.160.6 years) completed a questionnaire and wore an
accelerometer for $3 school days. Time spent engaged in sedentary, light (LPA) and moderate-to-vigorous physical activity
(MVPA) during school break times (recess and lunchtime) were calculated using existing cut-points. Measures were repeated
in 2008 among 111 adolescents. Multilevel models examined cross-sectional and longitudinal associations.

Results: Bringing in equipment was cross-sectionally associated with 3.2% more MVPA during break times. Females
engaged in 5.1% more sedentary time than males, whilst older adolescents engaged in less MVPA than younger
adolescents. Few longitudinal associations were observed. Adolescents who brought sports equipment to school engaged
in 7.2% less LPA during break times two years later compared to those who did not bring equipment to school.

Conclusion: These data suggest that providing equipment and reducing restrictions on bringing in sports equipment to
school may promote physical activity during school recess. Strategies targeting females’ and older adolescents’, in
particular, are warranted.
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Introduction

Regular physical activity during adolescence is important for

physical and mental health [1,2]. There is widespread concern,

however, that adolescents are not sufficiently active to benefit

health. Guidelines for physical activity recommend that youth

should engage in at least 60 minutes of moderate-to-vigorous

intensity physical activity every day [3,4,5], yet in Australia only

25% of males and 13% of females aged 14–16 years meet these

recommendations [6]. This is concerning as physical activity levels

tend to decline further across adolescence [7]. The promotion of

physical activity to adolescents is therefore critical.

Adolescents spend a significant proportion of their weekdays in

the school environment, which provides an opportunity to develop

and implement interventions that can reach a substantial

proportion of the adolescent population on a daily basis. During

the school day, one opportunity for adolescents to engage in

physically active behaviours is through school break times (recess

and lunchtime), which is a mandatory part of the school day in

many countries [8]. Whilst school break times can account for up

to 20% of the school day, little research has investigated the

physical activity levels of adolescents during this time. Of the

research conducted in this context, 41.5% of males and 32.6% of

female’s self-report daily participation in physical activity during

break time [9], though decreasing levels of physical activity have

been reported across school grades [10] and over time [11].

Despite these decreases, school break times have still been found to

contribute up to 23% of adolescents’ daily moderate-to-vigorous

physical activity [11]. This highlights the potential for break time

interventions to not only increase physical activity levels in this

context, but to also benefit daily physical activity levels.

To effectively intervene it is important to understand factors

that influence physical activity levels and sedentary time at school

[12], particularly as these factors may vary according to the

context [9,13]. Social-ecological models provide a useful frame-

work for understanding physical activity and sedentary time [14]

as they are complex behaviours that are influenced by a number of

factors at multiple levels [15,16]. These models suggest that

individual, social, physical environmental and policy/organisa-

tional factors interact to promote or restrict participation in

physical activity [14]. Some cross-sectional research into correlates

of physical activity during school break time in adolescents has
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identified social [17], physical environmental [9,10] and policy

[18] influences on self-reported physical activity participation.

However, no studies to date have used objective measures or

examined correlates of adolescent sedentary time or light physical

activity during break time, despite light intensity physical activity

accounting for approximately 50% of adolescent’s activity levels

[11]. It is possible that correlates may differ for different intensities

of physical activity during break times [19], which is an important

consideration for the development of interventions aiming to

increase physical activity and decrease sedentary time, especially

as evidence regarding the effectiveness of school-based interven-

tions on adolescent physical activity is inconclusive [20].

Given the paucity of research examining correlates of adoles-

cents’ break time physical activity and sedentary behaviour [21],

there is a need to identify which variables could be modified to

inform the development of effective interventions in this popula-

tion. Moreover, as factors that influence changes in break time

physical activity are poorly understood, research is needed to

examine whether cross-sectional correlates explain changes over

time. Identifying cross-sectional and longitudinal correlates of

break time activity will have the potential to influence the activity

levels of adolescents on a daily basis by informing future policy and

practice.

The aim of this study was to examine cross-sectional and

longitudinal associations between a range of individual, behav-

ioural, social and policy/organisational factors and objectively

measured school break time physical activity and sedentary time in

adolescents.

Methods

Ethics statement
Data were drawn from the first (2006; T2) and second (2008;

T3) follow-ups of adolescents who participated in the Health,

Eating and Play Study (HEAPS) in 2002/3. Ethical approval was

provided by the Deakin University Human Research Ethics

Committee, the Department of Education and Training Victoria,

and the Victorian Catholic Education Office. Informed written

consent was obtained from parents and secondary school children

at each of the follow-up data collections.

Sample
Stratified random sampling proportionate to school size

(enrolment greater than 200 pupils) was employed to recruit

schools from metropolitan Melbourne, Australia, into the study.

At baseline (2002/2003; T1), 24 (9 high, 7 middle, and 8 low

socioeconomic status) elementary (primary) schools agreed to

participate in the study. All children in Grades 5–6 (aged 10–12

years) were invited to participate, and 947 children (434 males,

513 females; mean age = 11.260.6 years) returned parental

consent forms. In Australia it is an ethics requirement for

parents to provide active informed consent on behalf of

themselves and their child; thus no information is available

concerning non-responders at baseline. Families were asked

whether they could be contacted for further research and those

that agreed (n = 474) were re-contacted and subsequently

invited to participate in the 2006 follow-up data collection. Of

those invited, 200 families participated in the first follow-up

(T2), and 145 families participated in the second follow-up (T3)

[22].

Physical activity measure
Adolescent physical activity was measured for 60 seconds over

eight consecutive days using a hip-mounted uni-axial accelerom-

eter (7164 ActiGraph, Fort Walton Beach, Florida, USA).

Adolescents were instructed to wear the accelerometer during all

waking hours except during water-based activities (e.g. swimming,

bathing), and were provided with information concerning the

correct wear and care of the monitor. Accelerometers have been

validated against doubly labelled water and indirect calorimetry in

adolescents in laboratory and free-living contexts [23].

Accelerometer data were downloaded using ActiGraph soft-

ware. School bell times for each school were used to analyse recess

and lunchtime data using a customised Excel macro. Non-wear

time was defined as sustained 20-minute periods of zero counts.

Adolescents who produced counts for at least 50% of recess and

lunchtime on at least 3 schooldays were retained for further

analyses.

Data were analysed using age-specific cut-points [23] to obtain

time spent in light (LPA; 1.5–3.9 METs), moderate (MPA; 4–

5.99 METs) and vigorous (VPA; $6 METs) intensity physical

activity. A threshold of 4 METs was chosen to represent MPA as

brisk walking has been associated with an energy cost of 4 METs

in calibration studies [24]. Sedentary time was defined as ,100

counts?min21 [25]. MPA and VPA were summed to obtain

moderate-to-vigorous physical activity (MVPA). The duration of

time adolescents engaged in sedentary, LPA and MVPA during

recess and lunchtime were determined for days that met the

minimum inclusion criteria of counts recorded for $50% of

break time. Recess and lunchtime physical activity data were

summed to provide the total time adolescents engaged in

sedentary, LPA and MVPA during daily school break time,

and averaged per valid day. The percentage of time adolescents

engaged in sedentary (%SED), light (%LPA), and MVPA

(%MVPA) was determined by dividing the time spent in each

of these intensities by total available time during breaks. To

adjust for the effect of daily physical activity levels on break time

physical activity, the total time that adolescent’s spent in engaged

in sedentary time, LPA and MVPA per day at each time point

was determined. Days that met the inclusion criteria for a valid

day were identified, and the average time spent in sedentary

time, LPA and MVPA per day was calculated and used in the

analyses.

Correlates
All adolescents and parents completed a self-report question-

naire at each time point. Eleven variables were analysed as

potential correlates of adolescent break time physical activity and

sedentary time using the social-ecological framework [14].

Individual variables. Parents completed items requesting

demographic information about the adolescent (e.g. age, date of

birth, school level) and the family as a whole (e.g. marital status,

maternal education, maternal employment status). The self-

reported highest level of maternal education was used as a

proxy-measure of socio-economic status (SES) and was classed

as low (some high school attendance or less), medium (high

school or trade certificate completed) and high (tertiary

education) [26].

Adolescents’ stature (m) and body mass (kg) were measured at

each time point without shoes by trained data collectors using a

portable stadiometer and digital scales. Body mass index (BMI;

kg/m2) was calculated, and adolescents were classified as non-

overweight or overweight/obese using BMI cut-off points devel-

oped by the International Obesity Taskforce [27].

Perceived personal barriers to physical activity were assessed by

adolescents’ reported agreement with nine statements on a 5-point

Likert type scale from strongly disagree’ (1) to ‘strongly agree’ (5).

Example statements included; I don’t like physical activity; I’m not

Correlates of Adolescents Break Time Activity
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the sport type; and I look funny when I am physically active.

Responses to the statements were summed and averaged

(Cronbach’s a= 0.81); a high score reflects a higher barrier.

Behavioural variables. To examine behaviour during break

time, adolescents were asked how often they engaged in sport and/

or physical activity during break time, brought sports equipment

to school for use during break time or borrowed sports equipment

from school for use during break time on a 5-point Likert-type

scale (1 = everyday, 2 = most days, 3 = sometimes, 4 = hardly ever,

5 = never). These variables were dichotomised into ‘yes’ (i.e.

engaged in this behaviour most days) and ‘no’ [9,17].

Social variables. Social support was determined using

responses to six questions asking how often they had been

encouraged 1) by their friends and 2) by their family to do more

physical activity, walk to school and other places, and play more

sport. Adolescents responded on a 3-point scale (1 = Never,

2 = Sometimes, 3 = Often) which was summed and averaged to

provide an overall indicator of peer (Cronbach’s a= 0.69) and

family support (Cronbach’s a= 0.76). A higher score reflected

greater support.

Policy/organisational variable. School bell times were

recorded by a contact within each of the schools and were used

to determine the length of recess and lunch breaks. The durations

of recess and lunch were summed to provide a total break time

duration in minutes.

Statistical analyses
Chi-square analyses were initially conducted on descriptive data

to examine differences between adolescents who participated at

follow-up (n = 183) to adolescents who participated at baseline (T1;

n = 764) only. Cross-sectional and longitudinal analyses were

performed using multilevel models. Multilevel models are the most

appropriate data analysis technique for nested data [28]. A two-

level structure was used, with adolescents defined as the first level

and secondary school defined as the second level.

The development of the multivariate analyses consisted of two

steps. Firstly, a crude model was constructed to identify predictor

variables that were significantly associated with the outcome

variable (p,0.1) [29]. Regression coefficients were assessed for

significance using the Wald statistic. All predictor variables

associated with the outcome variable were entered into the fully

adjusted model. Before entry into the adjusted model, the

correlation between predictor variables was determined. Correla-

tions coefficients that were greater than r = 0.5 were excluded from

the adjusted model as a more conservative approach than

suggested (r = 0.7) [30]. The cross-sectional analyses included all

T2 variables associated with the outcome variable at T2. The

longitudinal analyses included all T2 variables associated with the

outcome at T3, adjusted for T2 physical activity or sedentary time.

Separate analyses were conducted for%SED,%LPA and%MVPA.

All analyses were conducted using MLwiN 1.10 software (Institute

of Education, University of London, UK).

Table 1. Physical activity during school break time at T2 and T3 (raw data).

Cross-sectional sample (n = 146) Longitudinal sample (n = 111)

Mean (SD) Mean (SD) Change (T2 to T3)

%SED 52.9 (12.5) 49.7 (15.4) 23.3 (13.7)

%LPA 39.4 (9.6) 43.1 (11.9) 3.6 (10.2)

%MVPA 7.6 (5.7) 7.2 (7.1) 0.3 (8.1)

doi:10.1371/journal.pone.0056838.t001

Table 2. Information concerning variables used in the analyses (mean (SD) unless stated).

Range T2 Whole sample (n = 146)

Individual factors

Boys (%) N/A 50

Body mass index (kg/m2) 14.9–36.4 21.1 (3.4)

Overweight (%) N/A 19.9

Barriers to physical activity 1–5 1.9 (0.6)

Behavioural factors

Engage in physical activity during recess (%)1 Yes/No 37.9

Bring in sports equipment (%)1 Yes/No 10.3

Borrow sports equipment (%)1 Yes/No 12.4

Social factors

Family support 1–5 1.5 (0.5)

Peer support 1–5 1.9 (0.7)

Organisational/policy factors

Break time duration (min) 65–90 86.4 (6.5)

1Percentage of adolescents reporting ‘yes’.
doi:10.1371/journal.pone.0056838.t002
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Results

Sample
Compared to those who participated at baseline (T1) only, a

higher proportion of adolescents who participated at follow-up

were of higher SES (46% vs. 19%) based on maternal education.

No differences were observed for maternal employment or marital

status. Complete cross-sectional data at T2 were collected from

146 adolescents (73 males, 73 females; mean age = 14.160.6

years). Eighty-four per cent of adolescents had carers who were

married. Approximately one-third (34%) of mothers reported full-

time employment, while 36% reported part-time employment.

Based on maternal education, 42% were of medium SES and 38%

were of high SES. The longitudinal sample comprised of 111

adolescents (56 males, 55 females; mean age = 15.660.7 years).

There were no significant differences in physical activity levels,

maternal employment and marital status between those with

longitudinal data and those without, although adolescents with

follow-up data at T3 had mothers with significantly higher

education (43% vs. 32%). The average total daily break time

duration was 86.4 (66.5) minutes at T2 and 86.5 (66.8) minutes

at T3. Table 1 reports break time physical activity levels at T2 and

at T3 and the change in physical activity levels in the longitudinal

sample. Descriptive information concerning individual, behav-

ioural, social and policy/organisational variables is presented in

Table 2.

Cross-sectional results
A significant cross-sectional association was found between

sedentary time and sex. Females spent a greater proportion of

school break time sedentary compared to males (Table 3).

Negative associations were observed for sex and high maternal

education with%LPA during break time at T2, with females and

adolescents whose mother had a tertiary education engaging in

less%LPA (Table 4). Females and adolescents in higher year levels

at T2 engaged in less%MVPA, and those who brought in sports

equipment to school engaged in more%MVPA at T2 compared to

other adolescents (Table 5).

Change results
Very few of the correlates examined at T2 were associated

with%SED,%LPA and%MVPA two years later. Females contin-

ued to engage in more sedentary time during break times than

Table 3. Cross-sectional and longitudinal associations between individual, behavioural, social and organisational/policy factors
and break time%sedentary time.

Variables Cross-sectional Longitudinal

Crude modela Fully-adjusted modelb Crude modela Fully-adjusted modelc

b (95% CI) b (95% CI) b (95% CI) b (95% CI)

Individual factors

Daily SED time 0.06 (0.04, 0.08)*** 0.05 (0.02, 0.07)*** 0.05 (20.07, 0.06)

Sex1 8.6 (5.1, 12.1)*** 5.1 (1.4, 8.8)*** 12.2 (6.3, 18.2)*** 10.4 (4.1, 16.6)***

Maternal education

Low Ref – Ref –

Medium 21.7 (25.1, 1.8) – 3.0 (22.7, 8.8) –

High 1.8 (21.9, 5.5) – 25.0 (20.9, 10.9)* 24.0 (29.4, 1.4)

School year 4.9 (1.1, 8.7)*** 2.6 (20.9, 6.1) 5.1 (20.7, 10.9)* 5.4 (0.0, 10.7)**

BMI Category

Normal weight Ref – Ref –

Overweight 23.6 (28.5, 1.3) – 22.7 (210.2, 4.8) –

Barriers to PA 20.3 (23.5, 3.0) – 1.5 (23.0, 4.5) –

Behavioural factors

Sport/PA during recess 26.3 (210.1, 22.5)*** 0.1 (24.1, 4.4) 29.1 (215.3 22.9)*** 22.3 (29.2, 4.6)

Bring sports equipment 25.9 (211.6, 20.2)** 24.2 (29.6, 1.2) 210.2 (218.6, 21.8)* 26.3 (215.2, 2.6)

Borrow sports equipment 26.4 (212.3, 20.6)** 22.3 (28.0, 3.3) 25.6 (214.2, 3.0) –

Social factors

Peer support 1.5 (22.3 to 5.2) – 0.6 (25.6, 6.8) –

Family support 1.5 (21.1, 4.1) – 1.8 (22.8, 6.3) –

Organisational/policy factors

Break time duration 0.1 (20.3, 0.4) – 20.1 (20.5, 0.4) –

Total variance explained 31.8% 21.0%

*p,0.1, **p,0.05, ***p,0.01.
– = Not entered in fully-adjusted model.
1Males are the referent group.
aSeparate models for each dependent variable.
bAdjusted for all significant variables from the crude model.
cAdjusted for T2 sedentary time and all significant variables from the crude model.
doi:10.1371/journal.pone.0056838.t003
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males two years later. Adolescents in higher school year levels also

engaged in more sedentary time and less%LPA two years later.

Engaging in sport or physical activity during school recess was

significantly associated with more%LPA and%MVPA longitudi-

nally. Lastly, adolescents who brought sports equipment to school

engaged in more%LPA during break times two years later

compared to those who did not bring in equipment to school.

Discussion

Increasing knowledge concerning correlates of adolescent

physical activity and sedentary time is important for health

promotion efforts in schools. It is logical to examine cross-sectional

and longitudinal associations between different factors and

physical activity, as this will provide insights into potential

strategies that may be effective in the longer-term if implemented.

Moreover, this information has the potential to identify which sub-

groups of the population may benefit from physical activity

promotion strategies during school break time. Consistent with

studies that have objectively [31] and subjectively [10,32]

measured adolescent physical activity in this context, males

engaged in more physical activity and less sedentary time than

females. There is a need to establish why adolescent males are

more active than females to inform future intervention efforts, and

future research should be adequately powered in order to examine

correlates of their break time physical activity separately.

Interestingly, while both males’ and females’ engagement in%-

MVPA was low during break time, approximately 40% of their

school break time was spent engaged in%LPA. This raises

questions whether interventions during break time should focus

on increasing%MVPA or increasing overall physical activity

participation (i.e., LPA and MVPA), particularly as bringing

sports equipment to school was associated with higher %LPA

during school break time two years later.

Adolescents’ have previously suggested that the provision of

sports equipment and organised activities during lunchtime may

benefit their physical activity levels [33]. Indeed, the provision of

organised activities to adolescents during school break time has

been found to be positively associated with MVPA [9]. The

present study lends some support to these findings as engaging in

sport/physical activity during break time was longitudinally

associated with higher%LPA and%MVPA engagement. It is

possible that adolescents who choose to engage in sport/physical

activity during break time retain this pattern of activity over time.

Table 4. Cross-sectional and longitudinal associations between individual, behavioural, social and organisational/policy factors
and break time%LPA.

Variables Cross-sectional Longitudinal

Crude modela Fully-adjusted modelb Crude modela Fully-adjusted modelb

b (95% CI) b (95% CI) b (95% CI) b (95% CI)

Individual factors

Daily LPA time 0.09 (0.07, 0.11)*** 0.09 (0.07, 0.11)*** 0.09 (0.06, 0.12)*** 0.08 (0.05, 0.11)***

Sex1 24.8 (27.8, 21.8)*** 23.9 (26.6, 21.2)*** 25.9 (210.6, 21.3)** 0.4 (23.8, 4.7)

Maternal education

Low Ref – Ref –

Medium 1.7 (–1.2, 4.6) – 1.6 (22.9, 6.1) –

High 22.5 (25.5, 0.6)* 22.1 (24.5, 0.4)* 2.4 (22.2, 7.0) –

School year 22.4 (25.4, 0.6) – 23.8 (28.2, 0.6)* 24.2 (27.6, 20.8)**

BMI Category

Normal weight Ref – Ref –

Overweight 2.9 (21.0, 6.8) – 2.6 (23.3, 8.4) –

Barriers to PA 0.5 (22.1, 3.1) – 21.8 (24.4, 1.7) –

Behavioural factors

Sport/PA during recess 3.1 (20.1, 6.2)* 20.9 (22.9, 2.6) 6.3 (1.7, 10.9)*** 7.5 (2.1, 12.9)***

Bring sports equipment 3.0 (21.8, 7.8) – 10.8 (4.5, 17.0)*** 7.2 (0.5, 13.9)**

Borrow sports equipment 1.5 (23.2, 6.2) – 2.6 (23.9, 9.0) –

Social factors

Peer support 1.8 (23.1, 6.6) – 1.0 (23.8, 5.9) –

Family support 20.9 (23.1, 1.3) – 20.7 (24.3, 2.9) –

Organisational/policy factors

Break time duration 20.2 (20.4, 0.1) – 0.1 (20.3, 0.4) –

Total variance explained 38% 41.5%

*p,0.1, **p,0.05, ***p,0.01.
– = Not entered in fully-adjusted model.
1Males are the referent group.
aSeparate models for each dependent variable.
bAdjusted for all significant variables from the crude model.
cAdjusted for T2 LPA and all significant variables from the crude model.
doi:10.1371/journal.pone.0056838.t004
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However, this finding also suggests that identifying strategies to

enable and sustain participation in these behaviours warrants

further attention, particularly as decreases in adolescent break time

physical activity have been observed over time [11]. Such

strategies may be particularly important for adolescent girls, given

their lower physical activity levels in school break time.

Previous research has found that social support from parents,

peers and school are correlates of daily [12,34] and break time

[13,17] physical activity. No cross-sectional or longitudinal

associations were found for family and peer social support in this

study. The first finding may be explained by their increasing

independence from their parents [34]. During this transition,

friends become increasingly important as a source of social support

and help to establish social norms concerning physical activity

behaviours [12,34]. Previous research has found that the number

of active friends adolescents have was associated with daily

physical activity [35] and informal game play at school [13], whilst

not having any friends to be active with was a barrier to lunchtime

physical activity [32]. The present study did not determine the

number of friends adolescents had to be active with during break

time (a limitation of this study), which may explain, in part, the

lack of associations obtained. In addition, the measures used to

examine family and peer support may also have impacted on the

findings as these were related to support for physical activity

overall rather focusing specifically on break time, which is one

opportunity for regular engagement in physical activity. Further

research is needed to establish the extent to which social support

from peers, parents and the school are associated with break time

physical activity and sedentary time, and whether strategies for

developing social support for activity may be effective for

increasing physically active behaviours during school break time.

This present study found a positive cross-sectional association

between%MVPA and bringing in sports equipment. Moreover,

being allowed to bring in sport equipment to school was also

positively associated with%LPA during break time two years later.

Adolescents have identified that providing access to school-owned

equipment would be one approach that would facilitate their

activity choices [33,36], yet this study suggests that encouraging

students to bring in their own sports equipment from home may

facilitate physical activity engagement. It is possible that adoles-

cents who can bring in their own sports equipment are more

motivated and interested in being physically active [37]. Overall,

these findings suggest that permitting adolescents to bring in their

own equipment may reduce perceptions of there being nothing to

Table 5. Cross-sectional and longitudinal associations between individual, behavioural, social and organisational/policy factors
and break time%MVPA.

Variables Cross-sectional Longitudinal

Crude modela Fully-adjusted modelb Crude modela Fully-adjusted modelb

b (95% CI) b (95% CI) b (95% CI) b (95% CI)

Individual factors

Daily MVPA time 0.17 (0.1, 0.2)*** 0.15 (0.1, 0.2)*** 0.22 (0.2, 0.3)*** 0.20 (0.1, 0.3)***

Sex1 23.9 (–5.6, –2.2)*** –1.3 (2.8, 0.2)* –4.6 (–7.4, –1.8)*** 0.3 (–2.3, 2.9)

Maternal education

Low Ref – Ref –

Medium –0.3 (–2.1, 1.5) – 1.2 (–1.4, 3.7) –

High 0.5 (–1.4, 2.3) – 2.1 (–0.7, 4.8) –

School year –2.4 (–4.2, –0.7)*** –1.3 [–2.7, 0.1]* –0.7 (–3.5, 2.1) –

BMI Category

Normal weight Ref – Ref

Overweight –0.1 (–2.3, 2.4) – –0.6 (–4.0, 2.8) –

Barriers to PA –0.5 (–2.0, 1.0) – 0.6 (–1.2, 2.4) –

Behavioural factors

Sport/PA during recess 4.1 (2.3, 5.8)*** 0.4 (–1.3, 2.1) 1.9 (–0.4, 4.3)* 4.1 (1.5, 6.7)***

Bring sports equipment 4.6 (1.7, 7.4)*** 3.2 (0.9, 5.4)** –1.3 (–5.1, 2.6) –

Borrow sports equipment 5.1 (2.5, 7.8)*** 1.8 (–0.5, 4.1) 1.9 (–2.2, 6.0) –

Social factors

Peer support 0.2 (–1.7, 2.0) – –1.2 (–4.0, 1.6) –

Family support –0.3 (–1.7, 1.1) – –0.6 (–2.5, 1.4) –

Organisational/policy factors

Break time duration 0.1 (0.0, 0.3)* 0.01 (–0.1, 0.1) 0.1 (–0.2, 0.3) –

Total variance explained 34% 45.4%

*p,0.1, **p,0.05, ***p,0.01.
– = Not entered in fully-adjusted model.
1Males are the referent group.
aSeparate models for each dependent variable.
bAdjusted for all significant variables from the crude model.
cAdjusted for T2 MVPA and all significant variables from the crude model.
doi:10.1371/journal.pone.0056838.t005
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do during school break time [33] and may be simple but effective

strategy for increasing physical activity engagement and decreas-

ing sedentary time during break time. However, further research is

needed to examine the effectiveness of school policies relating to

bringing in equipment on adolescents’ physical activity levels as no

other studies have examined this association to date [21].

The strengths of this study include objective measurement of

physical activity and sedentary time during break times, and the

longitudinal data collection. There are, however, several limita-

tions that warrant attention. First, no data were collected

concerning the actual behaviours that the adolescents engaged

in during break time. Directly observing behaviour, for example,

would provide further information concerning how adolescent’s

use break time to engage in physical activity and sedentary

behaviours. In particular, understanding which activities contrib-

ute to%LPA engagement during break time is likely to inform

intervention strategies, particularly as it accounts for ,40% of the

school day. Second, it is not known whether the adolescents had

access to structured lunchtime activities, both sports and academic

related, and if so how often they were attended and how long for.

It is possible that such lunchtime activities may have impacted on

the results obtained. Third, few school level variables were

available for analysis in the present study. Correlates such as

facility availability, playground size, number of children attending

the school, and break time policies, which have been associated

with physical activity levels in preschool and elementary school

children [19,38] warrant further attention in adolescents. Fourth,

the small sample size for the analyses may affect the generaliz-

ability of the results and the ability to determine significant

associations, particularly as the magnitude of change in physical

activity and sedentary time between T2 and T3 was small.

Conclusions

A number of individual, behavioural and organisational/policy

variables were associated with sedentary time,%LPA and%MVPA

during school break time. This study provides an insight into the

modifiable variables that could form the focus of interventions in

adolescents that target both%LPA and%MVPA engagement.

Promising intervention approaches include the provision of

equipment and bringing in sports equipment to school. Further

research is needed to identify whether enhancing social support for

physical activity may also benefit activity levels during school

break time.
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