
 

 

Introduction 1 

Adolescents spend two thirds of their waking hours sitting [1], mostly because recreational-based SB (i.e. 2 

activities in a sitting, reclining or lying posture that do not increase energy expenditure above 1-1.5 3 

metabolic equivalents) [2] are on the rise [3]. Sitting too much and for too long is a risk factor for chronic 4 

disease and poor mental health during adolescence [3]. Specifically, adolescents who spent ≥3hours/day on 5 

sedentary pursuits have shown increased odds ratios for obesity [4] and depressive symptoms [5]. 6 

According to the 24-hour Activity Cycle model of daily physical behaviours (sleep, sedentary behaviour, 7 

light-intensity and moderate-to-vigorous intensity PA), changes in time spent in one of the four basic 8 

activities that consume time during the day will influence time spent in at least one other activity, which 9 

might modify health-related effects [6]. Thus, replacing adolescents’ sedentary time with moderate-to-10 

vigorous physical activity (MVPA) has been associated with a better quality of life [7] and cardio metabolic 11 

heath (i.e. body mass index, waist circumference, biochemical markers and blood pressure) [2, 8, 9]. While 12 

adolescents´ health could strongly benefit from effective strategies that replace SB with PA [10], most 13 

interventions on reducing sedentary time during adolescence have shown small effects [11].  14 

Participating in organised sports is the most preferred option   to spent time in MVPA during adolescence 15 

[12], although it consistently decreases from secondary school to university [13]. However, high levels of 16 

sports participation (i.e. 50-64% in Spanish secondary school students) [14] co-exist with low levels of 17 

overall PA (37% of youth in secondary school participate in ≥420 minutes of moderate-to-vigorous physical 18 

activity every week) and high levels of SB (17-18 year olds sit an average of 8.5 h per day on a school day) 19 

[15, 16], with very limited evidence on the influence organised sports participation has on SB and PA. 20 

While research has studied associations between organised sports participation and (i) physical and 21 

psychosocial health [17], (ii) school performance [18], (iii) health-related lifestyles such as smoking, 22 

alcohol, fruit, vegetable, soft drinks and fast food consumption [19, 20], (iv) MVPA and fitness levels [21], 23 

(v) engagement in physical fights and injuries [22] and (vi) illicit drug use [23], less is known about the 24 

influence sports participation has on total and context-specific SB, which is a key risk factor for health in 25 

adolescence and young adulthood.   26 

On the need to understand whether promoting sports participation and preventing relapse could be an 27 

effective intervention to reduce daily time spent in total and context-specific SB across a developmental 28 

stage where SB evolves, this study will investigate the influence that doing sport – during the transition 29 



 

 

from secondary school to university – has on SB and PA in a sample of Spanish adolescents followed during 30 

a three-year period. Such formative research might be valuable for translating individualized sports 31 

participation recommendations into pediatricians´ practice.  32 

Materials and methods 33 

Study design and sample recruitment 34 

A three-year longitudinal study was designed to assess associations between changes in sports participation 35 

and changes in total and domain-specific SB and PA in Spanish adolescents (n=113) from the county of 36 

Osona (Barcelona).  37 

Adolescents were followed from secondary school to university (16, 17 and 18 years of age; Year 1, 2 and 38 

3 respectively). During Year 1, invitation letters were sent to the directors of all secondary schools in the 39 

county (n=25) requesting permission for their 16-year-old students to complete a survey over the next two 40 

years. Thirteen centres (52%) accepted to participate in Year 1, three of which dropped out in Year 2 (40%). 41 

The reasons for dropping out were lack of time and involvement in other projects. Eight centres were public 42 

schools while two were private schools sponsored by a public voucher system. 43 

During Years 1 and 2, participants completed the survey as part of a course in the classroom (March 2012 44 

and March 2013). Parental approval was obtained through the school management. During Year 3, 45 

participants completed the survey using online devices (March-April 2014). Reminders to fill in the survey 46 

were sent twice via email and Facebook. The Ethics Committee of the University of Vic-Central University 47 

of Catalonia approved the study (2011) and all participants signed a written informed consent every year 48 

before completing the survey. Only University undergraduate students that completed the survey in Years 49 

1, 2 and 3 were included in this study. Of an initial potential sample of 695 teenagers, 662 responded in 50 

Year 1 (95% response rate), 480 in Year 2 (69% response rate) and 180 in Year 3 (26% response rate). One 51 

hundred and thirteen participants (n=113) completed the survey in Years 1, 2 and 3. 52 

Data collection and variables 53 

Data was collected using a 42-item survey that gathered data on (i) socio-demographic variables; (ii) 54 

perceived barriers to physical activity; (iii) lifestyle behaviours (iv) total and domain-specific SB; (v) total 55 

and domain-specific PA at light, moderate and vigorous intensities; and (vi) sport participation. For the 56 



 

 

present study, total and domain-specific SB, total and domain-specific PA and sport participation were 57 

analysed. 58 

Domain-specific sedentary behaviour 59 

The sedentary behaviour questionnaire (Active Where? Survey – Section R)[24] assessed sitting time 60 

(min/day) during weekdays and weekends and across different domains[17]: (1) television viewing 61 

(television + video); (2) computer use (computer games + internet use); (3) socialising behaviours 62 

(sitting with friends); (4) school (school assistance + homework); (5) transport (private + public 63 

transport); and (6) sedentary hobbies (reading, playing music and doing handicrafts).  Response categories 64 

were organised into 15-min blocks, 30-min blocks and one-hour blocks, with the last option being ≥5h. If 65 

that was the case, they were asked to specify the number of minutes/day. The SB domains were aggregated 66 

on a total score to calculate total SB, The Active Where survey was designed specifically for youth and has 67 

shown good reliability in most sitting domains, with a percentage agreement ranging from 27.1% to 76% 68 

[24].  69 

Physical activity 70 

PA levels were measured using the Spanish version of the International Physical Activity Questionnaire 71 

(IPAQ) long form [25]. The IPAQ assessed min/week of light-intensity PA (LPA), moderate-intensity 72 

activities (MPA) and vigorous-intensity PA (VPA) globally and across four specific domains (leisure, 73 

work/school, home and transport) during the last seven days. The SB item included in the IPAQ long form 74 

was not included because it only measures total sitting time rather than domain-specific. The IPAQ has 75 

shown reasonable validity properties for assessing activities in different intensities and for total physical 76 

activity in healthy European adolescents aged 15–17 years (Rs=0.17-0.30) [26].  77 

Sport participation 78 

Sport participation was measured using a specific question based on previous adolescent research [27, 28]: 79 

Do you currently do any sport on a regular basis? (Yes/No); what type of sport do you do? (Open answer). 80 

Three responses resulted from these: (a) No participation; (b) Individual Sport; (c) Team Sport. Team sports 81 

were classified as those involving ≥2 players on each side competing simultaneously, while an individual 82 

sport involves participants competing alone [29]. Students could mark both responses b and c if appropriate. 83 



 

 

Statistical analysis 84 

A descriptive analysis of the subjects’ characteristics in Year 1 (n=113) was performed using proportions 85 

and measures of central tendency and dispersion according to the nature of the variables. Gender differences 86 

were assessed using T-Student and Chi-Square tests. Longitudinal associations between sport participation, 87 

total and domain-specific SB and PA were assessed using Generalized Estimating Equations (GEE), which 88 

are an extension of Generalized Linear Models (GLM) [30]. This methodology is useful for analysing 89 

repeated measures of the same individual over time, assuming independence between individuals but not 90 

within observations of the same individual. This was considered the best approach as we had repeated 91 

measures of individuals and, they could change sport participation over time. An autoregressive correlation 92 

was used assuming that observations of Year 3 were more correlated with Year 2 than with Year 1. The 93 

analysis was performed using STATA software 12 [31]. 94 

Results  95 

Baseline characteristics of adolescents of 16 years of age (Year 1) 96 

Participant characteristics (n=113; 58% females) are summarised in table 1.  97 

Prevalence of total and domain-specific sedentary behaviours 98 

Adolescents spent a considerable amount of time on SB (792 min/d weekly and 605 min/d at weekends). 99 

From Mondays to Fridays, teenagers spent 454 min/d sitting at school/doing homework, followed by 125 100 

min/d sitting in front of a computer at home, watching TV (68 min/d), sitting while socialising (51 min/d), 101 

doing sedentary hobbies (47 min/d) and sitting for transport (22 min/d) (Table 1). SB while socialising and 102 

at school/doing homework was significantly higher in females (p=0.043 and p=0.004 respectively, table 1).  103 

During weekends, adolescents doubled their sitting time watching TV and socialising. Contrarily, teenagers 104 

reported less sitting doing homework due to not attending school. Time spent doing homework on Saturdays 105 

and Sundays was significantly higher in females than in males (p<0.001, table 1).  106 

 107 

 108 

Physical activity (min/week) spent at different intensities in specific domains  109 



 

 

Teenagers spent most time doing LPA (383 min/wk), followed by MPA (305 min/wk) and VPA (233 110 

min/wk). While leisure activities constituted around half of the time dedicated to VPA (141 min/wk) and 111 

MPA (124 min/wk), time spent in LPA activities was concentrated in transport (142 min/wk) (Table 1). 112 

On average, time spent in VPA was higher in males than in females (309 min/wk vs. 177 min/wk, p=0.002). 113 

In MPA, the mean time spent was also higher in males than in females (362 min/wk vs. 264 min/wk; 114 

p=0.04). In LPA, no differences by gender were identified. On examining specific domains for PA, no 115 

differences were found by gender.  116 

Temporal variation from secondary school to university of sports participation, domain-specific 117 

sedentary behaviours and physical activity 118 

From secondary school to university, sport participation decreased within the three years in both males 119 

(from 63% to 49%) and females (from 46% to 33%). Among males, the most significant decrease was in 120 

team sport (from 46% to 35%), while among females individual sport showed a sharper reduction (from 121 

34% to 21%) (Figure 1).  122 

Over the same period, leisure PA and transport PA decreased (-115 min/d and -50 min/d respectively) in 123 

males while no changes were reported for PA at home or school. In females, PA increased at work/school 124 

and home (+129 min/d and +67 min/d), decreased for leisure (-74 min/d) and remained stable for transport 125 

(Figure 2).  126 

From secondary school to university, sitting time spent socialising (+45 min/d among males and +50min/d 127 

among females) and for transport increased in both males and females (>30 min/d). Sitting time related to 128 

school attendance was remarkably high across both secondary school years in males (396 min/d) and 129 

females (449 min/d), but sharply decreased during the first year of university (-75 min/d). At weekends, a 130 

decrease in time spent sitting in computer use (-50 min/d males, -56 min/d females) was also identified. In 131 

females, time sitting watching TV increased (+19 min/d), while time spent on sedentary hobbies descended 132 

(-25 min/d) (Figure 3).  133 

 134 

 135 



 

 

Associations between sports participation,total and domain-specific sedentary behaviours from 136 

secondary school to university. 137 

Associations between sport participation, total and domain-specific sedentary behaviours during weekdays 138 

According to the unadjusted model, teenagers that did individual sports from secondary school to university 139 

spent less time on total SB (-95.9 min/d 95% CI -152.4 to -39.5) compared with non-sport participants 140 

(Table 2). By domains, individual sport participants spent less time sitting in computer use (-36.6 min/d 141 

95% CI -60.5 to -12.8) and socialising (-19.8 min/d 95% CI -36.6 to -3). Other SB domains were not 142 

influenced by individual sport participation. Adjusting by gender and year, individual sport participants 143 

spent significantly less time in overall SB (-101 min/d 95% CI -157.2 to -45) and computer use (-37.4 min/d 144 

95% CI -61.4 to -13.4), but not socialising. Team sport participants only showed differences in total 145 

sedentary time in the unadjusted model (-64.8 min/d 95% CI -122.7 to -7.0). After adjustment, these 146 

differences disappeared.  147 

Associations between sports participation and total and domain-specific sedentary behaviours during 148 

weekends. 149 

According to the unadjusted model, individual sport participants spent less time on total SB during 150 

weekends (-107.7 min/d 95% CI -176.5 to -38.9) when compared to non-sport participants. Specifically, 151 

individual sport participants spent significantly less time sitting doing homework activities (-27.3 min/d 152 

95% CI -51.9 to -2.6) and watching TV (-18.7 95% CI -36.3 to -1). After adjusting for gender and year, 153 

associations with total time spent in SB, doing homework (-110.5 min/d 95% CI -179.7 to -41.4; -26.5 95% 154 

CI -50.7 to -2.3 respectively) and watching TV remained significant (-18.7 95% CI -36.3 to -1).  155 

Team sport participants also spent less time on total sedentary activities during weekends compared with 156 

non-sport participants (-132.6 min/d 95% CI -205.7 to -59.4), mainly on sitting time doing homework (-40 157 

95% CI -65.8 to -13.6), socialising (-43.5 min/d 95% CI -71.7 to -15.4) and doing sedentary hobbies (-30 158 

min/d 95% CI -52.6 to -7.3). After adjustment, associations between total sedentary time remained 159 

significant (-126.4 min/d 95% CI -202.4 to -50.4 total), as well as socialising (-37 95% CI -66 to -8.2) and 160 

doing hobbies (-24 95% CI -47.4 to -0.5).  161 

Adjusted multiple models also suggested that independently of sport participation and gender, sitting time 162 

spent at school/doing homework during weekdays decreased by -40.4 min/d every year (95% CI –54.1 to -163 



 

 

26.7), while sitting time socialising and on transport increased by +16.7 min/d (95% CI 8.9 to 24.5) and 164 

+18.6 min/d every year (95% CI 13.2 to 24), respectively. During weekends, sitting time spent watching 165 

TV and on computer use was reduced by -9.1 min/d (95% CI -17.1 to -1.2) and -28.2 min/d every year 166 

(95% CI -42 to -14.4), respectively. In contrast, sitting time while socialising at weekends increased over 167 

the years (22.3min/d every year 95%; CI 9.9 to 34.7).  168 

With regard to gender differences, girls spent more time sitting during weekdays than boys on the transition 169 

to university (+58.6 min/d every year 95% CI 5.4 to 111.6). Specifically, girls increased sitting time doing 170 

homework (+49.5min/d every year; 95% CI 21.8 to 77.2) and socialising (+20 min/d every year; 95% CI 171 

5.1 to 35). During weekends, girls increased sitting time doing homework (+51 min/d, 95% CI 27 to 75) 172 

and decreased sitting time using the computer (-49 min/d 95% CI -87.3 to -10.6). 173 

Associations between physical activity (min/week) spent at different intensities and in different domains 174 

from secondary school to university 175 

According to the unadjusted model, individual sport participants spent more time in MVPA (105.3 min CI 176 

95% 32.5 to 178.1 vigorous and 129.4 min 95% CI 57.6 to 201.2 moderate) than non-sport participants. 177 

When looking at specific PA domains, individual sport participants also spent more time doing leisure PA 178 

(+169 min; 95% CI 105.7 to 232.2). After adjusting for gender and year, differences remained significant 179 

for VPA (+113.8 min/week; 95% CI 41.9 to 185.8), MPA (+130.1 min/week; 95% CI 58.3 to 202) and for 180 

leisure time PA (+165 min/week; 95% CI 102.6 to 227.5).  181 

According to the unadjusted model, team sport participants spent more time in MPA (+97.7min/week; 95% 182 

CI 24.2 to 170.9) and less time in LPA (-95 min/week; CI 95% -0.4 to -189.6) than non-sport participants. 183 

When looking at specific PA domains, team sport participants spent less time being active on transport (-184 

60 min/week; 95% CI -105.5 to -14.4) but did more PA during leisure time (+101.3 min/week; 95% CI 185 

33.1 to 169.4). After adjusting by gender and year, increases in MPA remained (78.8 95% CI 2.5 to 155.2), 186 

but not in LPA. Regarding the domains for PA, less time spent on PA while going from one place to the 187 

other remained significant (-53.5 min/week; 95% CI -6 to -101.1), as did the increase of PA during leisure 188 

time (+69.4 min/week; 95% CI 0.3 to 138.5). 189 

Time spent on leisure PA decreased by 37 min/year (95% CI - 8.6 to -65.4), while time spent on work and 190 

home PA increased 52 min/y (95% CI 1.9 to 102.1) and 27.2 min/y (95% CI 0.8 to 53.6), respectively. By 191 



 

 

gender, females decreased the time doing VPA (-129.3 95% CI -202 to -56.6) and increased the time doing 192 

LPA when compared to males (96 min CI 95% 3.4 to 188.5). Females also decreased the time doing leisure 193 

PA (-100 min 95% CI -31.4 to -167.5). 194 

Discussion 195 

This study investigated the influence sports participation had on total and context-specific SB and PA on 196 

the transition from secondary school to university in a sample of Spanish adolescents. Results indicated 197 

that playing sport was associated with spending less time in total SB during weekdays and weekends. 198 

However, not all SB domains were linked to sport participation, with associations differing from whether 199 

participants played individual or team sports. While individual sport participation influenced the following 200 

context-specific SB: recreational computer use on weekdays, doing homework and watching TV during 201 

weekends; team sport participation influenced sedentary socialising and hobbies during weekends. Playing 202 

sport was also linked to higher MVPA during leisure time. This formative research indicated that 203 

developing sport-based interventions and recommending sport participation could be an effective public 204 

and individual health intervention to reduce time spent on harmful-domains of SB, especially recreational 205 

screen-based behaviours, which is a key issue given the increasing trends of screen time among adolescents 206 

[32].  207 

First, the present study indicates that playing organised sports on the transition from school to university is 208 

associated with less time spent sitting during weekdays or weekends. The evidence surrounding SB and 209 

sports participation is limited and mixed. Our results are in concordance with some Finnish research which 210 

reported that youth participation in organised sports met the recommendations for screen-based SB (2 211 

hours/day) more often than non-sport participants [33, 34]. Other studies found no associations between 212 

organised sports and time spent in sedentary behaviour [35], although this was a cross-sectional study with 213 

a broad age range (10 to 18 years old). Nonetheless, the present study indicates that sport-related 214 

recreational MVPA might have a role in replacing adolescents’ daily SB, which could result in 215 

improvements in health-related quality of life [7] and cardio metabolic health across this developmental 216 

stage [2, 8, 9, 36]. Identifying and measuring sports participation could help pediatricians to characterize 217 

an optimal 24-hour pattern of PA for health and develop individualized recommendations for sport 218 

participation.   219 



 

 

Second, the present study indicates that only some domain-specific behaviours were related to organised 220 

sports participation. This is especially relevant as some of these sedentary behaviours, such as recreational 221 

screen-based sedentary time, have been widely reported to be harmful for health. High prevalence of screen-222 

based sedentary time in adolescents has been associated with mental health problems [32, 37], and 223 

insufficient sleep duration [38]. Moreover, high screen time among adolescents has been correlated with 224 

higher prevalent obesity in adulthood [39]. Our study supports the idea that sports participation could 225 

contribute towards reducing the time spent on screen-based activities and mitigate its associated health 226 

risks, highlighting the importance of studying the context in which sedentary behaviours occur [40].  227 

Third, the present results indicate that associations between sport participation and context-specific 228 

sedentary behaviour differed between individual and team sports. While individual sport participants spent 229 

less time sitting in recreational computer use and television viewing, team sport participants spent less time 230 

on sedentary socialising or hobbies. This could be explained because team sport traditionally stimulates 231 

social engagement [41, 42], which replaces the sedentary social activities among adolescents [43]. 232 

Moreover, organised team sports provide a supportive environment to accumulate PA among adolescents 233 

[44, 45]. Individual sport participants spending less time on screen time activities could be explained 234 

considering the nature of individual sports. Individual sports that require a high level of performance are 235 

more effective to develop higher self-control [46]. Previous research associated high screen time with lower 236 

self-control [47]. However, gender differences should also be studied and, in general, there is lack of 237 

evidence about why individual sport participants spent less time sitting in recreational computer use and 238 

television viewing. Future intervention studies could evaluate its impact on domains of sedentary 239 

behaviour. Nonetheless, our study suggests that organised sports participation –especially with regard to 240 

individual sports – can contribute to reduce screen time and overall SB.  241 

Main limitations and strengths 242 

This study used self-report data to determine levels of PA and SB which can lead to an overestimation of 243 

PA levels [48]. Although recall bias is common and would require validation against objective measures 244 

(i.e. inclinometers or accelerometers), self-report methods provide information on the type of behaviour 245 

being undertaken or the social or environmental context in which it occurs [40], a key issue to further 246 

understand context-specific SB interventions. In the future, self-report and objective methods should be 247 

combined to accurately assess the patterns of both SB and PA across this life time period.  248 



 

 

The study also provides data on a medium-size sample from over one hundred participants. Although a 249 

bigger sample size would have been preferable, this study is one of the first longitudinal studies among 250 

Spanish adolescents that follows up key indicators of SB in relation to sport participation across a 251 

developmental stage that is scarcely studied. Because SB evolves with age, it is important to integrate a 252 

life-course perspective in SB-reduction interventions whenever possible [40].    253 

Future studies 254 

The relationship between context-specific SB and sport participation needs to be further investigated. On 255 

the transition from secondary school to university, the rapid changes in technology usage constantly 256 

increases time spent on domain-specific SB and modifies the screen-based media landscape, which makes 257 

it relevant to promote ongoing research. Accelerometer-measured sedentary behaviour should be added in 258 

combination with self-report data in future studies.  259 

Conclusions 260 

This formative research highlights the value of promoting sport-based interventions and recommending 261 

sport participation to reduce total SB and context-specific SB in the transition from secondary school to 262 

university. Results provide new insights into planning for effective strategies that could change domain-263 

specific SB and prevent the growing volume of SB among adolescents. While pediatricians would benefit 264 

from providing individualized recommendations on sport participation, policies should not only focus on 265 

promoting organised sports during adolescence but also during young adulthood, with universities 266 

becoming a key setting in this role. This could result in significant improvements in adolescents’ chronic 267 

disease risk and well-being, not only during adolescence but also during young adulthood.  268 

Author contribution 269 

I.A. and A.P. conceived of the presented idea and developed the theory. E.C. and J.M. verified the analytical 270 

methods and analysed the data. E.C designed the model and the computational framework and analysed the 271 

data. D.W. supervised the findings and English accuracy of this article. I.A., A.P. and E.C. discussed the 272 

results. 273 

Compliance with Ethical Statements 274 

Conflict of Interest: The authors declare that they have no conflict of interest. 275 



 

 

Funding: Agència de Gestió d’Ajuts Universitaris i de Recerca (AGAUR) under grant number 2012 FI_B 276 

00506. 277 

Ethical approval: The Ethics Committee of the University of Vic-Central University of Catalonia approved 278 

the study (2011). 279 

Informed consent: Informed consent was obtained from all individual participants included in the study.  280 

281 



 

References 

1.  Arundell L, Salmon J, Koorts H, Maria A, Ayala C, Timperio A (2019) Exploring when and how 

adolescents sit: cross-sectional analysis of activPAL- measured patterns of daily sitting time, 

bouts and breaks. BMC Public Health19:653-662. doi:10.1186/s12889-019-6960-5. 

2.  Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, Chastin S, 

Altenburg T, Chinapaw, M. J (2017) Sedentary behavior research network (SBRN)-terminology 

consensus project process and outcome. Int J Behav Nutr Phys Act, 14:75. doi: 10.1186/s12966-

017-0525-8. 

3.  Ryu S, Kim H, Kang M, Pedisic Z, Loprinzi PD (2019) Secular Trends in Sedentary Behavior 

Among High School Students in the United States, 2003 to 2015. Am J Heal Promot 33.8:1174-

1181. doi:10.1177/0890117119854043. 

4.  Ashdown‐Franks G, Vancampfort D, Firth J, Veronese N, Jackson SE, Smith L, Stubbs B, 

Koyanagi A (2019) Leisure-Time Sedentary Behavior and Obesity Among 116 , 762 Adolescents 

Aged 12-15 Years from 41 Low- and Middle-Income Countries. Obesity 27.5:830-836. 

doi:10.1002/oby.22424. 

5.  Vancampfort D, Stubbs B, Firth J, Damme TV, Koyanagi A (2018) Sedentary behavior and 

depressive symptoms among 67 , 077 adolescents aged income countries. Int J Behav Nutr Phys 

Act 15.1:1-10. doi:10.1186/s12966-018-0708-y. 

6.  Rosenberger ME, Fulton JE, Buman MP, et al. The 24-Hour Activity Cycle: A New Paradigm for 

Physical Activity. Med Sci Sports Exerc. 2019;51(3):454–464. 

doi:10.1249/MSS.0000000000001811 

7.  Wu XY, Han LH, Zhang JH, Luo S, Hu JW, Sun K (2017) The influence of physical activity, 

sedentary behavior on health-related quality of life among the general population of children and 

adolescents: A systematic review. PLoS One 12.11:1-30. doi:10.1371/journal.pone.0187668. 

8.  Tarp J, Child A, White T, Westgate K, Bugge A, Grøntved A, Wedderkopp N, Andersen LB, 

Cardon G, Davey R, Janz FK, Kriemler S, Northstone K, Page AS, Puder JJ, Reilly JJ, Sardinha 

L, Sluijs EMF Van, Ekelund E, Wijndaele K, Brage S (2018) Physical activity intensity, bout-

duration, and cardiometabolic risk markers in children and adolescents. Int J Obes42.9:1639-

1650. doi:10.1038/s41366-018-0152-8. 

9.  García-Hermoso A, Saavedra JM, Ekelund U, Pozo-cruz B(2017) Reallocating sedentary time to 

moderate-to-vigorous physical activity but not to light-intensity physical activity is effective to 

reduce adiposity among youths: a systematic review and meta-analysis. Obes Rev18.4:1088-1095. 

doi:10.1111/obr.12552. 

10.  Cabanas-Sánchez V, Martínez-Gómez D, Esteban-Cornejo I, Pérez-Bey A, Castro Piñero J, Veiga 

OL (2019) Associations of total sedentary time, screen time and non-screen sedentary time with 

adiposity and physical fitness in youth: the mediating effect of physical activity. J Sports 

Sci37.8:839-849. doi:10.1080/02640414.2018.1530058. 

11.  Pearson N, Braithwaite RE, Biddle SJH, Sluijs EMF Van, Atkin AJ (2014) Associations between 

sedentary behaviour and physical activity in children and adolescents: a meta-analysis. Obes 

Rev15.8:666-675. doi:10.1111/obr.12188. 

12.  Hulteen RM, Smith JJ, Morgan PJ, Barnett LM, Hallal P, Colyvas K, Lubans DR (2017) Global 

participation in sport and leisure-time physical activities: A systematic review and meta-analysis. 

Prev Med95:14-25. doi:10.1016/j.ypmed.2016.11.027. 



 

13.  Roman Viñas B, Serra L, Ribas L, Pérez C, Aranceta J (2006) Activitat física en la població 

infantil i juvenil espanyola en el temps de lleure. Estudi enKid (1998-2000 ). Apunt Med 

l’esport41.151:86-94. 

14.  Roman-Viñas B, Marin J, Sánchez-lópez M, Aznar S, Leis R, Aparicio-Ugarriza R, Schroder H, 

Ortíz-Moncada R Vicente G, Gonzáles-Gross M, Serra-Majem L (2016). Results From Spain’s 

2016 Report Card on Physical Activity for Children and Youth. J Phys Act Health13.s2:279-

283.doi: 10.1123/jpah.2016-0308 

15.  Ortega FB., Konstabel K., Pasquali E, Ruiz JR, Hurtig-Wennlöf A, Mäestu J, Löf M, Harro J, 

Bellocco R, Labayen I, Veidebaum T, Sjöström M (2013). Objectively measured physical activity 

and sedentary time during childhood, adolescence and young adulthood: a cohort study. PloS one, 

8.4. doi: 10.1371/journal.pone.0060871  

16.  Mielgo-Ayuso J, Aparicio-Ugarriza R, Castillo A, Ruiz E, Ávila JM, Aranceta-Batrina J, Gil A, 

Ortega RM, Serra-Magem, Ll, Varela-Moreiras G, González-Gross M (2016) Physical activity 

patterns of the Spanish population are mostly determined by sex and age: findings in the ANIBES 

study. PloS one, 11.2. doi: 10.1371/journal.pone.0149969 

17.  Eime RM, Young JA, Harvey JT, Charity MJ, Payne WR (2013) A systematic review of the 

psychological and social benefits of participation in sport for children and adolescents: informing 

development of a conceptual model of health through sport. Int J Behav Nutr Phys Act10.1:98-

119. 

18.  Badura P, Sigmundova D, Sigmund E, Madarasova A, Jitse G, Sijmen PVD (2016) Is 

Participation in Organized Leisure-Time Activities Associated with School Performance in 

Adolescence? PLoS One11.4:e0153276. doi:10.1371/journal.pone.0153276. 

19.  Palomäki S, Hirvensalo M, Smith K, Raitakari O, Männistö S, Hutri‐Kähönen N, Tammelin T 

(2018) Does organized sport participation during youth predict healthy habits in adulthood? A 28- 

year longitudinal study. Scand J Med Sci Sport28:1908-1915. doi:10.1111/sms.13205. 

20.  Voráčová J, Badura P, Hamrik Z, Holubčíková J, Sigmund E (2018) Unhealthy eating habits and 

participation in organized leisure-time activities in Czech adolescents. Eur J Pediatr177.10:1505-

1513. doi:10.1007/s00431-018-3206-y 

21.  Telford RM, Telford RD, Cochrane T, Cunningham RB, Olive LS, Davey R (2016) The influence 

of sport club participation on physical activity, fitness and body fat during childhood and 

adolescence: The LOOK Longitudinal Study. J Sci Med Sport19.5:400-406. 

doi:10.1016/j.jsams.2015.04.008. 

22.  Badura P, Sigmundova D, Sigmund E, Madarasova A, Jitse G, Sijmen PVD (2017) Participation 

in organized leisure-time activities and risk behaviors in Czech adolescents. Int J Public 

Health62.3:387-396. doi:10.1007/s00038-016-0930-9. 

23.  Kwan M, Bobko S, Faulkner G, Donnelly P, Cairney J (2014) Addictive Behaviors Sport 

participation and alcohol and illicit drug use in adolescents and young adults: A systematic 

review of longitudinal studies. Addict Behav39.3:497-506. doi:10.1016/j.addbeh.2013.11.006. 

24.  Joe L, Carlson J (2010) Active Where? Individual Item Reliability Report. Act Living Res. 

http://www.rohan.sdsu.edu/faculty/sallis/Documents/AW_item_reliability_Adolescent.pdf. 

25.  Roman-Viñas B, Serra-majem L, Hagströmer M, Ribas-Barba L, Sjöström M, Segura-Cardona R 

(2010). International Physical Activity Questionnaire: Reliability and validity in a Spanish 

population. Eur J Sport Sci.10.5:297-304. doi:10.1080/17461390903426667. 

26.  Hagströmer M, Bergman P, De Bourdeaudhuij I, Ortega FB, Ruiz JR, Manios Y, Rey-López JO, 

Phillipp K, Berlepsch J von, Sjöström M (2008) Concurrent validity of a modified version of the 



 

International Physical Activity Questionnaire (IPAQ-A) in European adolescents: The HELENA 

Study. Int J Obes32S5:S42-S48. doi:10.1038/ijo.2008.182. 

27.  Wetton AR, Radley R, Jones AR, Pearce MS (2013) What Are the Barriers Which Discourage 

15-16 Year-Old Girls from Participating in Team Sports and How Can We Overcome Them? 

Biomed Res Int2013:1-8. doi:10.1155/2013/738705. 

28.  Mcmahon EM, Corcoran P, Regan GO, Keeley H, Cannon M, Carli V, Wasserman C, Hadlaczky 

G, Sarchiapone M, Apter A, Balazs J, Balint M, Bobes J, Brunner R, Cozman D, Haring C, Iosue 

M, Kaess M, Kahn JP, Nemes B, Podlogar T, Postuvan V, Sáiz P, Sisask M, Tubiana A,. Värnik 

P, Hoven C, Wasserman D (2017) Physical activity in European adolescents and associations 

with anxiety, depression and well-being. Eur Child Adolesc Psychiatry261:111-122. 

doi:10.1007/s00787-016-0875-9. 

29.  Zhou J, Heim D, Brien KO (2015) Alcohol Consumption, Athlete Identity, and Happiness Among 

Student Sportspeople as a Function of Sport-Type. Alcohol Alcohol50.5:617-623. 

doi:10.1093/alcalc/agv030. 

30.  Zeger S, Liang K-Y (1986) Longitudinal data analysis for discrete and continuous outcomes. 

Biometrics42.1:121-130. 

31.  StataCorp 2011. Stata Data Analysis Statistical Software: Release 12. College Station, TX: 

StataCorp LP. 

32.  Twenge J, Joiner T, Rogers M, Martin GN (2018) Increases in Depressive Symptoms , Suicide-

Related Outcomes, and Suicide Rates Among U. S. Adolescents After 2010 and Links to 

Increased New Media Screen Time. Clin Psychol Sci6.1:3-17. doi:10.1177/2167702617723376. 

33.  Mäkelä K, Kokko S, Kannas L, Villberg J, Vasankari T, Heinonen JO, Savonen, Alanko L, 

Korpelainen R, Selänne H, Parkkari J (2016) Physical Activity, Screen Time and Sleep among 

Youth Participating and Non-Participating in Organized Sports — The Finnish Health Promoting 

Sports Club ( FHPSC ) Study. Adv Phys Educ6.4:378-388. doi:10.4236/ape.2016.64038. 

34.  Van Hoye A, Fenton S, Krommidas C. Heuzé JP, Quested E, Papaioannou A, Duda JL (2013) 

Physical activity and sedentary behaviours among grassroots football players: A comparison 

across three European countries. J Sport Exerc Psychol11.4:341-350. 

doi:10.1080/1612197X.2013.830432. 

35.  Marques A, Ekelund U, Sardinha LB (2015) Associations between organized sports participation 

and objectively measured physical activity, sedentary time and weight status in youth. J Sci Med 

Sport 2015:2-5. doi:10.1016/j.jsams.2015.02.007. 

36.  Ekblom-Bak E, Ekblom Ö, Bergström G, Börjesson M (2016) Isotemporal substitution of 

sedentary time by physical activity of different intensities and bout lengths, and its associations 

with metabolic risk Eur J Prev Cardiol23.9:967-974. doi:10.1177/2047487315619734. 

37.  Liu M, Wu L, Yao S (2016) Dose – response association of screen time-based sedentary 

behaviour in children and adolescents and depression: a meta-analysis of observational studies. Br 

J Sports Med 50.20:1252-1258. doi:10.1136/bjsports-2015-095084. 

38.  Tambalis KD, Panagiotakos DB, Psarra G, Sidossis LS (2018) Insufficient Sleep Duration Is 

Associated With Dietary Habits, Screen Time, and Obesity in Children. J Clin Sleep 

Med15.9:1689-1696. doi: 10.5664/jcsm.7374 

39.  Boone JE, Gordon-larsen P, Adair LS, Popkin BM (2007) Screen time and physical activity 

during adolescence: longitudinal effects on obesity in young adulthood. Int J Behav Nutr Phys 

Act4.1:26-36. doi:10.1186/1479-Received. 



 

40.  Barnett TA, Kelly AS, Young D, Perry C, Pratt C, Edwards N (2018) Sedentary Behaviors in 

Today’s Youth: Approaches to the prevention and management of childhood obesity: A scientific 

statement from the American Heart Association. Circulation138.11:142-159. 

doi:10.1161/CIR.0000000000000591. 

41.  Whitehead A, Umeh K, Walsh B, Whittaker E, Cronin C (2019) Back to Netball: Motivations for 

Participation in a Female-Focused Netball Sport Program. Women Sport Phys Act J27:21-29. 

doi:10.1123/wspaj.2017-0019. 

42.  Michel G, Purper-ouakil D, Leheuzey MF, Mouren-simeoni MC (2003) Pratiques sportives et 

corrélats psychopathologiques chez l’enfant et l’adolescent Sports practice and psychological 

relations in child and adolescent. Neuropsychiatr Enfance Adolesc.51(4):179-185. 

doi:10.1016/S0222-9617(03)00049-7. 

43.  Bruyn EH De, Cillessen AHN (2008) Leisure Activity Preferences and Perceived Popularity in 

Early Adolescence. J Leis Res40.3:442-457. 

44.  Ridley K, Zabeen S, Lunnay BK (2018) Children’s physical activity levels during organised 

sports practices. J Sci Med Sport 21(9): 930-934. 

45.  Weintraub DL, Tirumalai EC, Haydel KF, Fujimoto M, Fulton JE, Robinson TN.(2008). Team 

sports for overweight children: The Stanford sports to prevent obesity randomized trial (SPORT). 

Arch Pediatr Adolesc Med. 162(3) 232-237. 

46. Park JA, Park MH, Shin JH, Li B, Rolfe DT, Yoo JY, Dittmore SW (2016). Effect of sports 

participation on internet addiction mediated by self-control: A case of korean adolescents. KJSS. 

37(3), 164-169 doi:10.1016/j.kjss.2016.08.003. 

47. Twenge J.M, Campbell WK (2018). Associations between screen time and lower psychological 

well-being among children and adolescents: Evidence from a population-based study. Prev med 

rep, 12 (2018) 271-283. doi: 10.1016/j.pmedr.2018.10.003 

48.  Ekelund U, Tomkinson GR, Armstrong N (2011) What proportion of youth are physically active? 

Measurement issues, levels and recent time trends. Brit J Sport Med 45.11:859-865. 

doi:10.1136/bjsports-2011-090190.  



 
Table 1. Sport participation and time spent in domain-specific sedentary behaviours and physical activity during the first year of 

Secondary School by gender.  

1st year of Secondary 
School 

 Males (n=48) 
  

Females (n=65) 
  

Total (N=113)  

Sport Participation(1)  n (%) n (%) n (%) 

No  18 (37.5) 35 (53.8) 53 (46.9) 

Yes: Individual sport  
 8 (16.7) 22 (33.8) 30(26.5) 

Yes: Team sport  
  22 (45.8) 8 (12.3) 30(26.5) 

Domain-specific sedentary 
behaviours   

 Mean minutes/day 
(SD) 

Mean minutes/day 
(SD) 

Mean minutes/day 
(SD) 

Total sedentary 
 

Weekdays 770(282) 807(161) 792(220) 

Weekends 581(323) 623(223) 605(270) 

Television viewing 
 

Weekdays 80(81) 59(53) 68(67) 

Weekends 112(84) 96(72) 103(77) 

Computer use  Weekdays 144(165) 111(81) 125(124) 

Weekends 197(165) 154(106) 172(135) 

School/Homework  Weekdays (2) 427(79) 474(86) 454(86) 

Weekends (1) 73(64) 121(66) 101(69) 

Socialising  Weekdays (3) 36(43) 56(58) 51(45) 

Weekends 102(116) 116(88) 110(101) 

Transport Weekdays 24(30) 21(20) 22(25) 

Weekends 39(43) 50(57) 45(51) 

Hobbies  Weekdays 38(50) 53(82) 47(70) 

Weekends 58(75) 85(86) 73(82) 

Domain-specific physical 
activity (PA) 
 

Intensity Mean 
minutes/week 

(SD) 

Mean minutes/week 
(SD) 

 

Mean minutes/week 
(SD) 
(SD) Total PA 

 
 
 
 

Vigorous (4) 
309(288) 177(159) 233(231) 

Moderate (5) 

362(277) 264(223) 
305(251) 

Light 
359(242) 401(278) 

383(263) 

Transport PA 
 
 
 
 
 

Vigorous 0 0 0 
 Moderate 

43(136) 23(69) 
32(103) 

Light 
130(168) 151(146) 

142(155) 

Total 174(258)  
 

175(165) 
175(208) 

Leisure PA 
 
 
 
 
 

Vigorous 174(205) 117(124) 141(165) 

Moderate 
159(173) 97(126) 

124(151) 

Light 
76(105) 88(127) 

83(118) 

Total 
411(297) 303(231) 

349(265) 

Work/school PA 
 
 
 
 
 

Vigorous 78(114) 53(85) 64(98) 

Moderate 
100(77) 88(82) 

93(80) 

Light 
66(91) 59(92) 

62(91) 

Total 
245(176) 

201(157) 
 

220(166) 

Home PA 
 
 
 
 

Vigorous 56(90) 6(25) 27(66) 

Moderate 
58(93) 53(80) 

55(85) 

Light  
86(97) 102(101) 

95(100) 

Total 202(194) 163(167) 
 

180(179) 

(1) p<0.001; (2) p=0.004; (3) p=0.043; (4) p=0.002; (5) p=0.040 



 

 

 

Figure 1. Percentage of sport participation during the three years.                                                                                                                                                             

Males                                                                                                                                  Females 

 

 

 

 

 

 
 

 

Figure 2. Minutes per week of PA in different domains during the three years.  

Males                                                                                                                                  Females 

 

 

 

 
 

Figure 3. Minutes per weekday of sedentary behaviour across during the three years.                                                                                                                            

Males                                                                                                                                  Females 
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Table 2. Time spent in domain-specific sedentary behaviours and physical activity in relation to sport participation, adjusted by gender and calendar year models. 

 Constant year  gender  Individual sport  Team sport  

Domain-specific sedentary behaviours 

(minutes/day) 

β β 95% CI β 95% CI β 95% CI β 95% CI 

Total sedentary Weekdays 792.4 -14.3 (-40.7 – 12.1) 58.5 (5.4 – 111.6) -101 (-157.2 -44.9) 

 

-47.9 (-107.6 -11.9) 

Weekends 657 -9.3 (-40.9 -22.3) 27.3 (-45.9 – 100.5) -110.5 (-179.7 - -41.4) -126.4 (-202.4 - -50.4) 

Television viewing  Weekdays 65.5 +5.5 (-2.2 – 13.2) -5.4 (-22.5 –11.8) -10.5 (-27.2 – 6.3) +5.2 (-13.0 – 23.4) 

 
Weekends 122 -9.1 (-17.1– -1.15) -3.3 (-23.9 – 17.2) -18.7 (-36.3 -1.03) -5.0 (-24.9 – 14.8) 

 
Computer use  Weekdays 136 -4.1 (-15.3 – 7.0) -13.1 (-36.5 – 10.4) -37.4 (-61.4 - -13.4) -9.2 (-35.0 – 16.5) 

Weekends 238 -28.2 (-42.0 – -14.4) -49.0 (-87.3 – -10.6) -20.4 (-51.1 – 10.4) -16.2 (-51.3 -19.0) 

Homework  Weekdays 488.3 -40.4 (-54.1 – -26.6) 49.5 (21.8 – 77.2) -25.3 (-54.5 – 3.9) -18.5 (-49.6 – 12.6) 

Weekends 81.9 +3.4 (-7.8 – 14.6) +51 (26.9 – 75.0) -26.5 (-50.7 - -2.3) -22.6 (-48.7 – 3.5) 

 
Socialising  Weekdays 19 +16.7 (8.9 – 24.5) +20 (5.1 – 35.0) -16.3 (-32.6 – 0.1)  +4.7 (-12.5 – 21.9) 

Weekends 93.8 +22.3 (9.9 – 34.7) +8.1 (-18.5 – 34.7) -21.8 (-48.5 – 4.9) -37 (-35.9 - -8.2) 

Transport  Weekdays 1.6 +18.6 (13.2 – 24.0) -3.4 (-12.7 – 9.5) -2.2 (-13.0 – 8.6) -1.6 (-12.7 – 9.5) 

Weekends 46.7 +1.4 (-4.6 – 7.4) +1.2 (-14.6 – 16.9) -2.8 (-16.1 – 10.5) -8.2 (-23.2 – 6.9) 

Hobbies  Weekdays 39.4 3.4 (-4.2 – 11.0) 9.9 (-8.5 – 28.3) -3.0 (-19.7 – 13.8) -12.0 (-30.6 – 6.5) 

Weekends 63.9 +1.9 (-7.5 – 11.3) +21.8 (-2.3 – 45.9) -4.3 (-25.1 – 16.5) -24.0 (-47.4 – -0.5) 

Total intensities and domain-specific 

physical activity (PA) (Min/week) 

β β 95% CI β 95% CI β 95% CI β 95% CI 

Total vigorous PA  277.7 -3.7   (-36.9 – 29.5) -129.3 (-202.0 – 56.6) +113.8 (41.9 – 185.8) +21.1 ( -56.9 – 99.2) 

Total moderate PA  282 -2.1 (-36.1 – 31.7) -57.2 (-124.8 – 10.4) +130.1 (58.3 – 202.0) +78.8 (2.5 – 155.2) 

 
Total light PA  320  +35.1 (-5.6 – 75.9)  96.0 (3.4 – 188.5)  .19 (-88.7 – 89.1)  -60.9 (-158.2 – 36.3) 

 
Transport total PA  178.7 -9.2 (-30.3 – 11.9) 23.7 (-18.5 – 65.8) 21.4 (-23.3 – 66.1) -53.5 (-101.1 - -6.0) 

 
Leisure total PA  388.7 -37.0 (--65.4 - -8.6) -99.6 (-167.5 - -31.6) 165.1 (102.6 – 227.5)  69.4 (0.3 – 138.6)  

Work/school total PA  147.7 52.0 (1.9 – 102.1) 10.9 (-77.8 – 99.5) 30.7 (-71.3 – 132.7) 35.9 (-69.8 – 141.6) 

 
Home total PA  154.0 27.2 (0.7 – 53.6) -5.4 (-63.6 – 52.9) 2.1 (-55.2 – 59.4) -6.3 (-68.6 – 56.0) 

 
 


