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ABSTRACT 

The study aimed (i) to examine changes in physical activity (PA) during the whole day, school 

hours, recess, and physical education classes (PEC) during a 2-year period in primary and 

secondary students; (ii) to identify changes in the proportion of compliance with specific PA 

recommendations for these periods; and (iii) to examine whether PA levels at baseline are 

associated with PA levels 2 years later. Eight hundred fourteen (51.8% boys) children and 658 

(50.1% boys) adolescents from 41 Spanish schools participated in the study. Hip-worn 

accelerometers were used to assess PA during different time periods. Light PA (LPA) declined 

during the whole day, school hours, recess (all p<0.001, except child girls for recess) and PEC 

(all, p<.05) in children and adolescents. Moderate-to-vigorous PA (MVPA) during the whole day 

and recess declined in child boys (p<.01 and p<.001, respectively) and adolescent boys (p<.001 

and p<.05, respectively). MVPA during PEC declined in adolescent boys (p<.001) and 

adolescent girls (all p<.05). The proportion of compliance with the specific PA 

recommendations for these periods declined (p<.05), except for PEC in adolescent girls. PA 

during the whole day at baseline was moderately associated with PA during the whole day 

years later (ICCs=0.210-0.544, with one exception), but this association was lower for the 

school-based PA. In conclusion, time spent in MVPA and LPA during the whole day and recess 

declined over time in child and adolescent boys and during PEC in adolescents. These findings 

highlight the need to promote PA interventions in these settings. 
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1 INTRODUCTION 

Low levels of physical activity (PA) in children and adolescents are recognized as a critical risk 

factor for suffering chronic diseases later in life 1 and are linked to other health-related risk 

behaviors, such as substance abuse or unhealthy diets.2 Children and adolescents are 

recommended to engage in at least 60 minutes of moderate-to-vigorous PA (MVPA) per day.3 

However, more than half of children and adolescents worldwide do not meet this 

recommendation.4,5 Spain also has this problem, and it especially affects Spanish adolescent 

girls, among which only 26% are physically active.6 

Schools have great potential to increase the PA levels of students because of their unique 

access to millions of children and adolescents who spend a large proportion of their waking 

hours at school.7,8 The American Heart Association indicated that children and adolescents 

should perform at least 30 minutes of MVPA during school hours.7 It was also suggested that 

youths should spend 50% of recess (i.e., time periods of noncurricular activities in school) and 

physical education classes (PEC) total time in MVPA.9,10 In this context, previous studies have 

reported a compliance rate of less than 25% with the school hour PA recommendation even 

lower than the percentage of compliance for the MVPA during the whole day,5,6,11 and showed 

that less than 15% of students satisfied the MVPA recommendations during recess and 

PEC.9,12–14 

Given that inactivity increases with age,4,15 it is interesting to identify whether or not the 

school period contributes to the maintenance of MVPA levels in childhood. Several 

longitudinal studies have examined children and adolescents objectively-measured PA levels 

during the whole day,16–19 but few of them have done it with school-based PA.16,19,20 MVPA 

during the whole day significantly declined over the following 4-6 years in English and 

American children aged 9-10 years,16–18 but MVPA decline was not clear in 12-year-old English 

children.19 Likewise, total PA and MVPA during school hours decreased in English children over 

a 4-year period,16 although in 12-year-old English children, only light PA (LPA) during school 

hours declined over 3 years.19 Research on longitudinal changes in PA during recess is limited 
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to one study, where Ridgers et al.20 showed a MVPA decline during recess in 5 to 6- and 10 to 

12-year-old Australian students over 3 and 5 years. To our knowledge, no study has examined 

longitudinal changes in PEC using an objective measure of PA. In addition, previous studies 

analyzed the association over time (tracking) between objectively measured PA at baseline and 

PA years later.21–23 However, all of these studies analyzed PA only during the whole day. 

Therefore, the current study aimed (i) to provide a comprehensive view of changes of PA in 

children and adolescents during the whole day, school hours, recess and PEC during a 2-year 

period, (ii) to identify changes in the rate of compliance with the specific PA recommendations 

for these periods in primary and secondary schools, and (iii) to examine whether PA at 

baseline is associated with PA two years later. 

 

2 METHODS 

2.1 Participants 

Participants were enrolled in the UP&DOWN study, a longitudinal study designed to assess the 

impact of PA and sedentary behaviors on health indicators over time, as well as to identify the 

psychoenvironmental and genetic determinants of PA in a convenience sample of Spanish 

children and adolescents. The UP&DOWN study established the following selection criteria: (i) 

1st and 4th graders (6–7 and 9–10 years old, respectively) for children at baseline and in 7th 

and 10th graders (12–13 and 15–16 years old, respectively) for adolescents at baseline, and (ii) 

do not have physical disability or health problems, which might limit levels of PA. Forty-five 

schools, of the 70 invited, agreed to participate in the study, of which four were excluded for 

logistical reasons. In total, 1188 children from 23 primary schools in Cadiz and 1037 

adolescents from 18 secondary schools in Madrid agreed to participate in the study (without 

taking into account the specific sample child with Down syndrome). Complete information of 

the study has been described elsewhere.24 The present sample comprised 1472 Spanish 

children and adolescents, including 814 children (mean age at baseline 8.1±1.5 years; 51.8% 

boys) and 658 adolescents (mean age at baseline 13.8±1.5 years; 50.1% boys), with valid data 
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on objectively measured PA during the whole day, school hours, recess and PEC at baseline 

and at the follow-up two years later. The inclusion criteria required having PA data at baseline 

and follow-up for (i) at least three valid days (≥10 hours of valid wear time) and (ii) at least one 

complete period of both recess and PEC. 

Data collection took place from September 2011 to June 2012 and from September 2013 to 

June 2014 for baseline and follow-up measurements, respectively. Participants, their families 

and school supervisors were informed concerning the nature and objectives of the study at a 

meeting, in which informed consent from parents or legal guardians and participants was 

obtained. The UP&DOWN study was approved by the Ethics Committee of Puerta de Hierro 

Hospital (Madrid, Spain), the Bioethics Committee of the Spanish National Research Council 

(Madrid, Spain) and the Ethics Committee for Research Involving Human Subjects at the 

University of Cádiz (Cadiz, Spain). 

 

2.2 Measurements 

PA variables were objectively assessed by the ActiGraph accelerometer models GT1M, GT3X 

and GT3X+ (ActiGraph TM, LLC, Pensacola, FL, US). The GT1M is a small and lightweight 

uniaxial accelerometer (3.8 x 3.7 x 1.8 cm, 27 g) designed to detect vertical accelerations 

ranging in magnitude from 0.05 to 2.00 g with a frequency response of 0.25-2.50 Hz. The GT3X 

and GT3X+ are triaxial accelerometers (4.6 x 3.3 x 1.5 cm, 19 g) capable of measuring 

accelerations from -6 to 6 g with a frequency response of 0.25 to 2.50 Hz. The accelerometers 

have been widely calibrated for children and adolescents in laboratory and free-living 

conditions.25 A strong agreement among the three ActiGraph accelerometer models has been 

reported.26 The data were downloaded and analyzed using ActiLife software (v.6.6.2). Before 

any analyses were performed, data were integrated into 10-second epochs as recommended 

by Cain et al.27 Nonwear time was defined as a period of 60 minutes of zero counts and an 

allowance of up to two consecutive minutes<100 counts per minute (cpm) with the 
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up/downstream 30 minutes consecutive of zero counts (i.e., 60-30-2) for detection of 

artifactual movements.27,28 

For both measurement moments, each participant wore the accelerometer at the lower back 

for seven consecutive days, removing it during sleep and water-based activities. Minutes of PA 

during school hours, recess and PEC were calculated individually for each participant by 

extracting these specific periods using schedules provided by each school. In the majority of 

Spanish schools, school hours amounts to 300 minutes in children and 345 minutes in 

adolescents. The mean accelerometer wear time during school hours was 292 and 293 

minutes in children at baseline and follow-up, respectively, and 339 minutes at baseline and 

329 minutes at follow-up in adolescents. In Spain, every school has at least one daily recess 

ranging from 20 to 45 minutes, typically 30 minutes. The mean accelerometer wear time 

during recess was 29 minutes in children (both at baseline and follow-up) and 32 minutes at 

baseline and 30 minutes at follow-up in adolescents. PEC are part of the regular Spanish 

curricula, which is common for all schools. PEC address various content (i.e., sports, dance, 

physical fitness-driven activities, etc.) and only qualified physical education teachers can teach 

this subject. The majority of schools had two PEC per week with a duration ranging from 45 to 

120 minutes per class (typically 60 minutes in primary schools and 55 minutes in secondary 

schools); for those who had one PEC per week, the duration was from 90 to 150 minutes per 

class. The mean accelerometer wear time during PEC was 63 and 61 minutes in children at 

baseline and follow-up, respectively, and 51 and 54 minutes in adolescents at baseline and 

follow-up, respectively. 

The following cutoff values were used to define the PA intensity categories to be in agreement 

with those used in previous studies with European children and adolescents.29,30 LPA was 

established as between 100 and 2000 counts/minutes, while MVPA was estimated using cutoff 

values of >2000 counts/minute and vigorous PA (VPA) used cutoff values of >4000 

counts/minute. Total PA was expressed as the mean cpm. The dependent variables included in 
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this study were average minutes per day of LPA, MVPA, VPA, and total PA during the whole 

day, school hours, recess and PEC. 

Harmonization and standardization of anthropometric data in the UP&DOWN study were 

strictly controlled.24 Weight was measured with an electronic scale (Type SECA 861; range, 

0.05 to 130 kg; precision, 0.05 kg), and height was measured in the Frankfort plane with a 

telescopic stature-measuring instrument (Type SECA 225; range, 60 to 200 cm; precision, 1 

mm). BMI was calculated using the commonly used formula as follows: weight/height2 (kg/m2). 

Overweight and obesity were established according to the BMI international cutoff values.31 

A single survey question was used, asking parents, "In which of these categories does the level 

of education of the participant's mother best fit?" The response scale presented five options as 

follows: 1=no education, 2=elementary school, 3=middle school, 4=high school, and 

5=university. 

 

2.3 Data Analysis 

Analyses were performed separately by age groups (children and adolescents) and sex (boys 

and girls) because we found statistically significant time*group interactions. The participants’ 

characteristics and the PA data are presented as means and standard deviations (for 

continuous variables) or as percentages (for categorical variables). Differences in the 

participants' characteristics between age groups and sexes were analyzed by one-way ANOVA. 

Differences in PA between baseline and follow-up were analyzed by means of linear models 

for continuous variables and logistic binary regression for dichotomous variables (compliance 

or not with PA recommendations: at least 60 minutes daily of MVPA, 30 minutes of MVPA in 

school hours, and 50% of recess and PEC total time in MVPA), generalized linear mixed models 

(GLMM) were used in both cases32,33. To examine the association over time (tracking) between 

PA at baseline and follow-up, intraclass correlations (ICCs) were calculated for continuous 

variables by applying a one-way random-effect model through linear mixed models,34 and 

odds ratio (OR) were calculated for dichotomous variables (compliance or not with PA 
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recommendations) using logistic binary regression in GLMM. In all analyses, BMI, maternal 

education, age at baseline and accelerometer wear time for each period were included as 

covariates due to their influence on PA.5,35,36. In the GLMM, the 4-level structure of the data 

study, level 1=observations, level 2=students; level 3=classes, and level 4=schools, was taken 

into account. SPSS Statistics 21.0 software package for MS Windows (IBM Software Group, 

Armonk, NY, US) was used for analysis, and the level of significance was set at p<0.05. 

 

3 RESULTS 

Table 1 shows the anthropometric characteristics of the study participants by sex and age 

groups. Adolescent boys and girls were taller, heavier and had higher BMI values than child 

boys and girls at baseline and follow-up (all p<0.001). Moreover, adolescent boys were also 

taller and heavier than their peers girls at follow-up (all p<0.001). 

Tables 2 to 5 show the differences in average PA variables (i.e., PA during the whole day, 

school hours, recess and PEC) between baseline and 2-year follow-up by sex and age groups. 

Children and adolescents of both sexes diminished their LPA (Table 3) levels during the 2-year 

follow-up (all, p<0.05), except for child girls during recess (p>0.05). In these 2-year follow-ups, 

child and adolescent boys significantly decreased MVPA levels during the whole day (-

4.7%/year, B=-7.140, p<0.01 in child boys and -4.1%/year, B=-5.236, p<0.05 in adolescent 

boys) and MVPA levels during recess (-8.8%/year, B=-1.358, p<0.05 and -17.1%/year, B=-1.951, 

p<0.01 in child and adolescent boys, respectively), and adolescents of both sexes diminished 

MVPA levels during PEC (-11.8%/year, B=-5.434, p<.001 in adolescent boys and -12.2%/year, 

B=-3.338, p<0.05 in adolescent girls; Table 4). The data also showed a VPA decline during the 

2-year follow-up during recess and PEC in adolescents of both sexes (all, p<0.05); however, it 

increased during school hours in adolescent girls (p<0.05; Table 5). 

Figure 1 presents the differences in the proportion of children and adolescents who met the 

different PA recommendations at baseline and 2-year follow-up by sex and age groups. The 

percentage of boys who met the daily PA recommendation decreased from 79.4% at baseline 
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to 67.9% at the 2-year follow-up (OR=0.570, p<0.01) in child boys and from 66.2% to 48.7% 

(OR=0.448, p<0.001) in adolescent boys. The percentage of child girls who met the school PA 

recommendation decreased from 8.3% to 4.3% (OR=0.217, p<0.01); however, in adolescent 

girls, this percentage increased from 1.5% to 3.4% (OR=8.052, p<0.05). Recess PA 

recommendations were fulfilled by a higher percentage of child boys and adolescent boys at 

baseline than after the 2-year follow-up [10.1% vs. 3.4%, OR=0.089, p<0.001 in child boys and 

10.6% vs. 4.7%, OR=0.041, p<0.05 in adolescent boys (threshold of 50%)]. A greater 

percentage of adolescent boys met the PA recommended for PEC at baseline than two years 

later at the follow-up (10.6% vs. 4.2%, OR=0.126, p<0.01). 

Total PA and time spent in LPA, MVPA and VPA during the whole day at baseline were from 

low to moderately associated with total PA, LPA, MVPA and VPA during the whole day at the 

follow-up in children and adolescents of both sexes [ICCs=0.210-0.544, except for total PA in 

adolescent girls (ICC=0.014)]. In general, ICCs from the studied school periods were 

substantially lower than those from the whole day in both age groups and sexes (Tables 2-5). 

Likewise, children and adolescents who met with the daily PA recommendations at baseline 

were more likely to remain active two years later (OR=4.885, p<0.001 for child boys; OR=5.903, 

p<0.001 for child girls; OR=3.487, p<.001 for adolescent boys; and OR=3.593, p<0.001 for 

adolescent girls). Child boys who met PA recommendations for school hours and recess at 

baseline also increased the likelihood of meeting these PA recommendations after 2 years 

[OR=2.463, p<0.01 for school hours and OR=5.047, p<0.01 for recess (threshold of 50%)]. 

The results did not change when analyses were repeated by adjusting for the Tanner stage 

instead of age, by adjusting by the change of BMI instead of the BMI at baseline, and without 

adjusting for accelerometer wear time (data not shown). 
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4 DISCUSSION 

This study reports 2-year changes in objectively measured PA (i.e., PA during the whole day, 

school hours, recess and PEC) in children and adolescents. The results showed that LPA 

declined during the 2-year follow-up during the whole day, school hours, recess and PEC. 

Moreover, MVPA and the rate of compliance with the specific PA recommendations during 

different time periods on a daily basis diminished significantly for the whole day and recess in 

child boys and adolescent boys and for PEC in adolescents of both sexes. Moreover, PA (i.e., 

total PA, LPA, MVPA, and VPA) during the whole day was moderately associated with PA 

during whole day two years later. These findings suggest that it is important to promote PA at 

early ages and prevent its subsequent decline. 

The longitudinal decline in LPA during the whole day found in our study is consistent with 

previous research that also revealed a significant age-related decline in overall objectively 

measured PA at these ages.16–18 However, the decline in both total PA and MVPA during the 

whole day and in compliance with the recommendations of 60 minutes of MVPA per day 

observed in the studied child boys and adolescent boys was not statistically significant among 

girls. Brooke et al.17 noted a MVPA decline in youths from ages 10 to 14 years, which was also 

notably higher among boys than girls. Several studies also showed a significant MVPA decrease 

among girls,16,18 however, other studies did not find a decrease in MVPA either for boys or for 

girls.19 This discrepancy between studies could be explained by their different follow-up time 

and age of participants at baseline. We and Harding et al.19 did not study the transition from 

childhood to adolescence. Regardless, the largest percentage of inactive females at baseline 

could hinder large MVPA declines. 

Regarding school-based PA, the decreases in total PA and LPA, statistically significant for 

school hours and recess in almost all subgroups studied, are consistent with studies reporting 

significant declines of PA during school hours16,19 and during recess.20 However, we did not 

observe significant declines in MVPA or VPA during school hours. This result contrasts with 

studies by Harding et al.19 and Brooke et al.16 performing 3- and 4-year longitudinal studies 
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with English children and adolescents, and they found a significant decrease in MVPA during 

school hours. These longitudinal studies had larger durations than ours, and their MVPA 

changes, still statistically significant, were not meaningful.19 

Concerning recess time, we found a decline in MVPA, VPA (nonsignificant in children) and 

percentage of child boys and adolescent boys meeting the PA recommendations of engaging in 

at least 50% of recess time in MVPA. These findings are consistent with the decrease in 

moderate PA and VPA found by Ridgers et al.20 in 5 to 6- and 10 to 12-year-old Australian boys 

after 3 and 5 years of follow-up. It is noteworthy that larger decreases occurred in the older 

cohort.20 In contrast, they found moderate PA and VPA declines also in child girls, which in our 

study, was not statistically significant. This difference could be due to the different follow-up 

periods since some changes observed in child girls after a 5-year period were not significant 

after a 3-year period.20 Moreover, the limited minutes of MVPA at baseline in child girls and 

adolescent girls hinder a sharp and widespread decline. 

This is the first longitudinal study to examine objectively measured PA changes in PEC. LPA 

during PEC declined in all subgroups, whereas MVPA and VPA declined in adolescents of both 

sexes. Furthermore, there was a decrease in the percentage of adolescent boys meeting the 

PEC PA recommendation (10.7% vs. 4.5%). These results are consistent with the decline of VPA 

found in 51 Australian adolescents by Dudley et al.37 along a 1-year follow-up, although they 

did not report significant changes for MVPA and used direct observation.37 These results 

suggest that special surveillance aiming to reduce the age-associated changes in PA during PEC 

along secondary school is needed. 

In relation to PA tracking, total PA, LPA, MVPA, and VPA during the whole day at the baseline 

were moderately associated with total PA, LPA, MVPA, and VPA during the whole day 2 years 

later in the majority of subgroups studied. This is consistent with previous studies21–23 and with 

the fact that meeting the daily PA recommendations at baseline predicted children and 

adolescents to remain physically active at follow-up. It is known that PA levels decrease during 

primary and secondary school and the fact that PA at baseline is associated with PA 2 years 
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later, which indicates the importance of promoting PA at an early age. However, the PA 

tracking was substantially lower for the school periods studied than for the whole day. Indeed, 

only in child boys, compliance with school-based recommendations at baseline predicted the 

rate of compliance with these recommendations at follow-up. Moreover, very low tracking 

coefficients for PA are probably due to measurement error34. Our study is pioneering in 

studying whether objectively measured school-based PA is associated with time spent in 

school-based PA years later; more future research on the topic is needed. 

The study has some limitations linked to the use of accelerometry, such as the lack of 

sensitivity to capture upper body movements, water-based activities, cycling or other complex 

movements.38 Another limitation is that the sample was of convenience. One of the main 

strengths of this work was the analysis of PA changes in different settings, such as recess and 

PEC, which had been requested by previous research.38 Another innovation of this study was 

the inclusion of an objective measure of PA in a large sample of children and adolescents. 

Moreover, these measurements were assessed without interrupting the normal development 

of school activities and during a complete week in each of the two measurements instead of a 

single day.35 

In conclusion, our findings revealed that LPA declined both in the whole day and during school 

hours in children and adolescents, while MVPA and the rate of compliance with the specific PA 

recommendations declined for the whole day and recess in child boys and adolescent boys and 

for PEC in adolescents of both sexes. Moreover, greater levels of PA (i.e., total PA, LPA, MVPA, 

and VPA) in childhood were associated with greater levels of PA over time. 

 

5 PERSPECTIVE 

The present study indicates that PA declines both during the whole day and during specific 

school settings (i.e., school hours, recess and PEC) during childhood and adolescence. This 

suggests that interventions targeting PA should be developed in all the periods studied 

because PA decreases could detrimentally impact the health of the young people, even if only 
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LPA is decreased.39 Likewise, in school time, the greatest opportunity for PA interventions may 

be at recess and PEC because a very low proportion of students meet their specific PA 

recommendations at baseline and even decrease in some subgroups during the follow-up. 

Moreover, the current study seems to suggest the convenience of starting the PA promotion at 

an early age given that greater levels of PA (i.e., total PA, LPA, MVPA, and VPA) in childhood 

was associated with greater levels of PA over time. Further research should focus on 

developing specific interventions aimed at avoiding PA decline in both sex and age groups. 
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TABLE 1 Anthropometric characteristics for students participating in the study at baseline and 

follow-up 

 

Sex 

Baseline  Follow-up 

 

Children 

(n=422 boys 

and 392 girls) 

Adolescents 

(n=330 boys and 

328 girls) 

 Children 

(n=422 boys 

and 392 girls) 

Adolescents 

(n=330 boys and 

328 girls) 

Age 

(years) 

Boys 8.1±1.5b 13.8±1.5b  10.1±1.5b 15.8±1.5b 

Girls 8.2±1.5b 13.8±1.4b  10.3±1.5b 15.8±1.4b 

Weight 

(kg) 

Boys 30.7±9.3b 55.6±13.2b  38.9±11.8b 64.3±11.9a,b 

Girls 31.3±10.0b 52.0±9.7b  40.4±12.8b 56.4±9.7a,b 

Height 

(cm) 

Boys 129.4±10.7b 161.7±11.1b  140.9±10.7b 171.6±7.7a,b 

Girls 129.7±11.1b 157.8±6.6b  142.6±11.5b 161.8±5.7a,b 

BMI 

(kg/m2) 

Boys 18.3±3.1b 21.3±3.4b  19.6±3.8b 21.8±3.3b 

Girls 18.6±3.4b 20.9±3.1b  19.9±4.0b 21.5±3.3b 

 a Denote sex difference by age groups and b age groups difference by sex (p<0.001).  
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TABLE 2. Differences in total physical activity (PA; mean counts per minute) during whole day, school hours, recess and physical education classes (PEC) between 

baseline and 2-years follow-up, and PA tracking in children and adolescents* 

Age group Period Sex 
Baseline  Follow-up  Time effect  

ICC 
Mean (SD)  Mean (SD)  B p  

Children 
(n=422 boys and 392 

girls) 

Whole day 
Boys 557.1 (140.5)  495.2 (144.7)  -51.624 <0.001  0.375 

Girls 477.3 (128.2)  423.3 (129.6)  -24.891 0.066  0.544 

School 
hours 

Boys 483.2 (148.3)  440.1 (147.2)  -29.921 0.111  0.087 

Girls 392.6 (128.2)  341.7 (120.5)  -46.587 0.004  0.158 

Recess 
Boys 1447.0 (710.0)  1212.7 (657.1)  -193.193 0.049  0.061 

Girls 973.4 (483.3)  732.9 (462.0)  -122.158 0.104  0.122 

PEC 
Boys 963.0 (637.3)  1055.1 (566.5)  146.588 0.097  0.016 

Girls 757.2 (500.0)  852.5 (489.0)  155.120 0.044  <.001 

Adolescents 
(n=330 boys and 328 

girls) 

Whole day 
Boys 454.0 (139.7)  421.3 (184.2)  -35.731 0.005  0.351 

Girls 349.1 (276.5)  311.1 (114.7)  -32.350 0.113  0.014 

School 
hours 

Boys 368.7 (135.3)  338.5 (159.4)  -37.573 0.023  0.044 

Girls 240.3 (91.4)  236.9 (123.7)  6.429 0.647  0.193 

Recess 
Boys 1166.6 (803.3)  808.8 (633.3)  -414.160 <0.001  0.045 

Girls 597.8 (339.5)  485.9 (300.7)  -121.263 0.011  0.104 

PEC 
Boys 1525.6 (898.3)  1286.9 (926.9)  -426.124 0.004  <0.001 

Girls 1083.8 (614.1)  894.9 (700.4)  -278.582 0.064  <0.001 

* Analyses were adjusted by BMI, maternal education, and age at baseline, and accelerometer wear time for each period. ICC=intraclass correlation. 
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TABLE 3 Differences in time (min/day) spent in light physical activity (LPA) during whole day, school hours, recess and physical education classes (PEC) between 

baseline and 2-years follow-up, and LPA tracking in children and adolescents* 

Age group Period Sex 
Baseline  Follow-up  Time effect  

ICC 
Mean (SD)  Mean (SD)  B p  

Children 
(n=422 boys and 392 girls) 

Whole day 
Boys 224.1 (37.5)  196.0 (39.5)  -29.953 <0.001  0.474 

Girls 221.5 (36.7)  191.5 (38.4)  -27.998 <0.001  0.440 

School hours 
Boys 76.0 (21.1)  63.6 (17.1)  -12.291 <0.001  0.277 

Girls 71.2 (20.5)  58.56 (16.1)  -12.357 <0.001  0.183 

Recess 
Boys 11.4 (2.8)  10.5 (3.3)  -1.634 <0.001  0.013 

Girls 11.4 (3.2)  9.6 (3.3)  -0.766 0.132  0.021 

PEC 
Boys 19.6 (9.3)  17.0 (8.1)  -2.655 0.005  0.099 

Girls 19.6 (9.7)  15.9 (7.2)  -2.375 0.014  0.022 

Adolescents 
(n=330 boys and 328 girls) 

Whole day 
Boys 168.4 (40.8)  135.8 (36.3)  -32.394 <0.001  0.354 

Girls 156.8 (36.7)  128.9 (31.6)  -27.546 <0.001  0.440 

School hours 
Boys 61.9 (20.5)  48.8 (18.9)  -11.508 <0.001  0.245 

Girls 51.8 (17.0)  41.4 (15.2)  -8.631 <0.001  0.335 

Recess 
Boys 11.2 (4.2)  8.1 (4.3)  -2.459 <0.001  0.052 

Girls 10.5 (4.3)  7.5 (4.1)  -3.072 <0.001  0.130 

PEC 
Boys 16.2 (6.0)  11.7 (6.8)  -6.246 <0.001  <0.001 

Girls 16.1 (6.7)  11.9 (6.3)  -5.575 <0.001  <0.001 

* Analyses were adjusted by BMI, maternal education, and age at baseline, and accelerometer wear time for each period. ICC=intraclass correlation. 
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TABLE 4 Differences in time (min/day) spent in moderate-to-vigorous physical activity (MVPA) time (min/day) during whole day, school hours, recess and physical 

education classes (PEC) between baseline and 2-years follow-up, and MVPA tracking in children and adolescents* 

Age group Period Sex 
Baseline  Follow-up  Time effect  

ICC 
Mean (SD)  Mean (SD)  B p  

Children 
(n=422 boys and 392 girls) 

Whole day 
Boys 80.8 (23.6)  73.1 (23.6)  -7.140 0.004  0.297 

Girls 64.7 (21.3)  59.7 (21.1)  -2.827 0.223  0.392 

School hours 
Boys 24.2 (8.6)  22.5 (8.4)  -0.879 0.451  0.091 

Girls 18.4 (8.4)  16.7 (6.9)  -1.692 0.088  0.084 

Recess 
Boys 8.5 (4.4)  7.0 (4.0)  -1.358 0.028  0.056 

Girls 5.3 (3.0)  3.8 (2.7)  -0.621 0.183  0.127 

PEC 
Boys 11.5 (9.3)  11.5 (8.0)  0.758 0.506  0.056 

Girls 8.9 (7.3)  8.9 (6.7)  1.214 0.169  0.007 

Adolescents 
(n=330 boys and 328 girls) 

Whole day 
Boys 69.8 (22.4)  64.0 (27.4)  -5.236 0.028  0.276 

Girls 51.0 (17.3)  49.8 (20.5)  -1.122 0.661  0.324 

School hours 
Boys 21.5 (10.0)  19.1 (9.8)  -2.222 0.054  0.034 

Girls 13.0 (5.9)  13.3 (7.8)  1.259 0.252  0.102 

Recess 
Boys 7.0 (4.8)  4.6 (4.0)  -1.951 0.002  0.071 

Girls 3.2 (2.1)  2.8 (2.6)  -.332 0.311  0.092 

PEC 
Boys 13.9 (8.5)  10.6 (8.7)  -5.434 <0.001  <0.001 

Girls 9.8 (5.8)  7.4 (6.2)  -3.388 0.011  <0.001 

* Analyses were adjusted by BMI, maternal education, and age at baseline, and accelerometer wear time for each period. ICC=intraclass correlation. 
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TABLE 5 Differences in time (min/day) spent in vigorous physical activity (VPA) time (min/day) during whole day, school hours, recess and physical education 

classes (PEC) between baseline and 2-years follow-up, and VPA tracking in children and adolescents* 

Age group Period Sex 
Baseline  Follow-up  Time effect  

ICC 
Mean (SD)  Mean (SD)  B p  

Children 
(n=422 boys and 392 girls) 

Whole day 
Boys 23.8 (11.5)  21.9 (11.7)  -0.643 0.536  0.278 

Girls 17.1 (11.8)  15.2 (9.4)  -0.658 0.444  0.210 

School hours 
Boys 7.9 (4.4)  7.6 (4.5)  0.268 0.552  0.108 

Girls 5.4 (8.5)  4.8 (3.1)  -0.467 0.185  0.044 

Recess 
Boys 3.1 (2.7)  2.5 (2.1)  -0.402 0.173  0.083 

Girls 1.9 (1.6)  1.3 (1.4)  -0.194 0.282  0.240 

PEC 
Boys 4.6 (4.9)  5.0 (4.0)  0.636 0.238  0.089 

Girls 3.3 (3.4)  3.5 (3.0)  0.519 0.247  0.002 

Adolescents 
(n=330 boys and 328 girls) 

Whole day 
Boys 26.1 (13.5)  26.1 (17.1)  0.663 0.606  0.287 

Girls 14.9 (10.1)  15.5 (11.5)  1.055 0.292  0.284 

School hours 
Boys 7.9 (5.1)  7.3 (5.1)  -0.222 0.693  0.059 

Girls 3.6 (2.8)  4.0 (4.2)  0.791 0.041  0.113 

Recess 
Boys 2.5 (2.6)  1.5 (1.9)  -0.984 0.003  0.034 

Girls 0.6 (0.7)  0.4 (0.8)  -0.149 0.049  0.380 

PEC 
Boys 6.6 (5.4)  5.8 (5.4)  -2.507 0.005  <0.001 

Girls 3.9 (3.5)  3.5 (3.8)  -1.617 0.038  <0.001 

* Analyses were adjusted by BMI, maternal education, and age at baseline, and accelerometer wear time for each period. ICC=intra-class correlation. 
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FIGURE 1 Differences in rate of children and adolescents meeting different physical activity 

(PA) recommendations during whole day (Figure 1a), school hours (Figure 1b), recess (Figure 

1c) and physical education classes (PEC; Figure 1d) between baseline and 2-years follow-up. All 

analyses were adjusted by BMI, maternal education, and age at baseline, and accelerometer 

wear time. MVPA = moderate-to-vigorous physical activity, C = children, A = adolescents. 

*p<.05, **p<.01, ***p<.001 

 
 

  




