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Abstract 

Objectives: Firstly, to investigate the longitudinal associations between accelerometer-derived physical 

activity (PA) intensities and physical fitness (PF) at 24-month follow-up in adolescents. Secondly, to 

examine how substituting time spent in low or moderate PA intensities with vigorous PA at baseline 

was related to PF at 24-month follow-up. 

Design: Longitudinal observational study 

Method: The DADOS (Deporte, ADOlescencia y Salud) study is a 3-year longitudinal research project 

carried out between years 2015-2017. The analyses included 189 adolescents (91 girls) aged 13.9±0.3 

years at baseline. PA was assessed by a wrist-worn GENEActiv triaxial accelerometer and expressed as 

minutes/day of light, moderate and vigorous PA. Cardiorespiratory, musculoskeletal and motor fitness 

were assessed by field tests and a global fitness z-score was calculated as the mean of the z-scores values 

of each fitness test. Association between PA intensities and PF were determined using linear regression. 

Isotemporal analyses estimating the association of reallocating PA intensities with PF were performed. 

Results: Baseline vigorous PA was positively associated with cardiorespiratory fitness and global 

fitness score at follow-up in boys (β=0.234;p=0.002, β=0.340;p<0.001) and girls (β=0.184;p=0.043, 

β=0.213;p=0.004). In boys, baseline vigorous PA was also positively associated with musculoskeletal 

and motor fitness (β=0.139;p=0.035, β=0.195;p=0.021). The substitution of 10 min/day of light PA or 
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moderate PA with 10 min/day of vigorous PA at baseline was positively associated with all PF 

components and global fitness score in boys (p<0.001), and with global fitness score girls (p<0.05). 

Conclusion: These findings highlight the need of promoting vigorous PA due to its specific influence 

on adolescents’ PF.  

 

Key words: vigorous intensity; fitness; health; behaviour; adolescence.  
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Introduction 

Physical fitness (PF) is considered a powerful health marker during youth due to its role in disease 

prevention, which main components are cardiorespiratory, musculoskeletal and motor capacities 1. The 

evidence of health-related benefits in children and adolescents is particularly strong for cardiorespiratory 

fitness 2; however, emerging research supports also the preventive role of musculoskeletal fitness 3,4 as 

well as motor fitness 5. Although PF is highly determined by biological factors (e.g. genetic heritability, 

sex, age, pubertal status) 6,7, physical activity (PA) is suggested to be the most modifiable determinant8. 

PA is commonly considered to be closely interconnected with PF, but this assumption is not so 

obvious in adolescents, probably due to the complexity of assessing the whole range of components of 

this behaviour 9. Advances in the assessment of PA by accelerometer has improved the accuracy and 

has allowed to quantify the amount of time spent in specific free-living PA intensities 10. Previous cross-

sectional studies in adolescents reported that PF may be related to the level of accelerometer-measured 

PA intensities, suggesting a stronger association of vigorous PA than moderate and light PA intensities 

with cardiorespiratory fitness 11–13, musculoskeletal and motor fitness 14,15. Nevertheless, there is a lack 

of data regarding the longitudinal association of accelerometer-derived free-living PA intensities with 

PF components in adolescents. In fact, only two studies investigated cardiorespiratory fitness 16,17, 

whereas musculoskeletal and motor fitness have not been investigated.  

According to the aforementioned knowledge, there is a need for further longitudinal studies 

assessing free-living PA intensities by accelerometer to clarify if they could predict PF over time in 

adolescents. Moreover, there is not previous research that investigated the effects elicited by substituting 

time in a given PA intensity with an equal amount time in another intensity on PF, which currently can 

be analysed by isotemporal substitution models 18. This statistical method is based on the finiteness of 

time in any given 24h period. Thus, participating in a specific behaviour necessarily implies reducing 

time in another of equal duration. Altogether, filling these gaps of knowledge would help to better 

stablish preventive strategies and intervention programs targeting health in adolescents. 

The first aim of this study was to investigate the longitudinal associations between accelerometer-

measured PA intensities and PF components (i.e. cardiorespiratory, muscular and motor fitness) at 24-
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month follow-up in adolescents. The second aim was to examine how substituting time spent in light or 

moderate PA intensities with vigorous PA at baseline was related to PF at 24-month follow-up using 

isotemporal substitution regression models.  

Methods 

The present study is part of the DADOS (Deporte, ADOlescencia y Salud) study, a 3-year longitudinal 

research project carried out between February and May of 2015 and 2017 which aimed to investigate 

the influence of PA on health and development in adolescents. All participants were volunteers recruited 

from secondary schools and sports clubs of Castellon (Spain), and met the general DADOS inclusion 

criteria: to be enrolled in the 2nd grade of secondary school, and free of any chronic disease. Participants 

who reported medical contraindication for maximum physical effort or failed a previous academic year 

were excluded from the study. A total of 189 adolescents (91 girls) aged 13.9±0.3 years at baseline with 

valid data at baseline and follow-up for PF, PA, body mass index (BMI) and pubertal status were 

included in the analyses. Adolescents and their parents or guardians were informed of the nature and 

characteristics of the study, and all provided a written informed consent. The study was performed 

following the ethical guidelines of the Declaration of Helsinki 1961 (revision of Fortaleza 2013), and 

the study protocol was approved by the Research Ethics Committee of the University Jaume I (Spain). 

PA intensities were measured using the GENEActiv accelerometer (Activinsights Ltd, Kimbolton, UK), 

a waterproof device which contains a triaxial microelectromechanical accelerometer that records both 

motion-related and gravitational acceleration and has a linear and equal sensitivity along the three axes. 

Participants wore the accelerometer on their non-dominant wrist. GENEActiv accelerometer offers a 

body temperature sensor to help improve the confirmation of wear and non-wear time; yet in order to 

check possible inconsistencies in the accelerometer data, participants kept a physical activity log of the 

number of times and duration that they removed it. A high level of agreement was observed between 

the accelerometer and the participants’ activity log data. Accelerometer-derived data from all 

participants comprised at least four days, including weekend and weekdays, with 24h valid data. 

GENEActiv accelerometer has been found to be a reliable (Coefficient of Variation intra-instrument = 

1.4%, Coefficient of Variation inter-instrument = 2.1%) 19 and valid measure of PA in young people (r 
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= 0.925, P = 0.001) 20. Devices were programmed with a sampling frequency of 100 Hz, and data were 

stored in gravity (g) units (1 g = 9.81 m/second²). The raw acceleration output was converted to 1 second 

epochs using the GENEActiv Post-Processing PC Software (version 2.2, GENEActiv). By combining 

all registered days for each participant and according to Phillips et al. 20, PA was expressed as the average 

(min/day) of light, moderate and vigorous PA.  

Cardiorespiratory fitness was assessed using the 20-m Shuttle Run Test. CRF was assessed using the 

20-m Shuttle Run Test as described by Léger et al. 21. Each participant ran straight between 2 lines 20 

m apart at a pace established by recorded audio signals. The initial speed was 8.5 km/h and it was 

increased 0.5 km/h each minute. The test was completed when participants could not reach the end lines 

at the pace of the audio signals for 2 consecutive times or when they stopped because of fatigue. The 

number of completed laps was used in the analyses.  

Musculoskeletal fitness was assessed trough the standing broad jump test 22. From a starting position 

immediately behind a line, standing with feet approximately shoulder’s width apart, the adolescent 

jumped as far as possible with feet together. The test was performed twice and the longest distance 

achieved (centimetres) was used in the analyses.  

Motor fitness was assessed using the 4 × 10-m shuttle-run test of speed of movement, agility, and 

coordination 22. Subjects ran back and forth as fast as possible between two parallel lines 10 m apart. 

Every time the adolescent crossed any of the lines, he or she picked up (the first time) or exchanged 

(second and third time) a sponge, which was previously placed behind the lines. The test was performed 

twice and the fastest time (seconds) was used in the analyses. Because motor fitness is inversely related 

to high PF (longer time indicates poorer performance), the variable expressed in seconds was inverted 

by multiplying by -1, so that a higher score indicates better performance. 

The individual score of each fitness test was transformed into sex-specific standardized values (z-

scores). A global fitness score was calculated as the mean of the z-scores values of cardiorespiratory, 

musculoskeletal and motor fitness. Higher z-score values in global fitness indicate better performance. 
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Pubertal status was self-reported according to the 5 stages described by Tanner and Whitehouse 23. It is 

based on external primary and secondary sex characteristics, which are described by the participants 

using standard pictures according to Tanner instructions. 

BMI was calculated as weight/height square (kg/m2). Body weight was measured to the nearest 0.1 kg 

using an electronic scale (SECA 861, Hamburg, Germany). Height was measured to the nearest 0.1 cm 

using a wall-mounted stadiometer (SECA 213, Hamburg, Germany). Measures were assessed in 

duplicate and average measures were used for the analyses. 

Descriptive sample characteristics were summarized by sex and were presented as mean ± standard 

deviation (SD). Comparisons between sexes at each time point were performed by independent t test for 

continuous variables and chi‐ squared test for nominal variables. Similarly, differences between 

descriptive data at baseline and at 24-month follow-up were assessed by paired t test or chi‐ squared 

test.   

Linear regression analyses were conducted to assess the association between time spent in specific PA 

intensities at baseline (min/day) with each PF indicator at 24-month follow-up. Each PA intensity (light, 

moderate or vigorous) at baseline was entered as the independent variable and each PF indicator was 

entered as dependent variable in separate models. Due to the influence of age, pubertal status and BMI 

on PF and PA levels, all models were controlled for the baseline scores of these factors 6. 

In addition, we performed isotemporal substitution models to examine the effect of replacing one type 

of PA intensity for another PA intensity at baseline on PF at 24-month follow-up, assuming that the time 

spend in non-PA tasks is constant in a 24h-period 18. First, all variables were scaled to 10 minutes to aid 

in interpretability, and then a “total time” score was calculated to represent the average daily time spent 

in the different PA intensities (i.e., total time = light + moderate + vigorous PA). Next, total time, all 

PA intensities, and covariates (i.e., age, pubertal status and BMI) were entered into a regression model 

simultaneously with the exception of the PA intensity of interest. An example model for light PA can 

be expressed as follows: 

Cardiorespiratory fitness = (B1) vigorous PA + (B2) moderate PA + (B3) total time + (B4) covariates 
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Where B1 to B4 represent the coefficients of respective activities or covariates included in the model. 

Because in this example light PA would be omitted from the model, the remaining coefficients represent 

the consequence of engaging in 10 minutes of the respective PA instead of engaging in 10 minutes of 

light PA while holding the other activities constant (e.g., B1 represents the change in cardiorespiratory 

fitness if 10 minutes of light PA are substituted with 10 minutes of vigorous PA while holding other 

intensities and covariates constant). Therefore, results are interpreted as unit change in fitness score per 

10-minute change in the specific PA intensity. The B2 coefficient would provide the same information 

in relation to moderate PA. Models substituting the three PA intensities (light, moderate, vigorous) were 

performed for all PF indicators in separate models. 

Due to the sex differences in PA 24 and PF levels 6 reported in the literature, as we all those found in our 

sample, the analyses were performed separately by sex. Multicollinearity was checked using the 

variance inflation factor, which values were less than 2 in all analysis, indicating that multicollinearity 

was low. All the analyses were performed using the IBM SPSS Statistics for Windows version 22.0 

(Armonk, NY: IBM Corp). The level of significance was set at p<0.05. 

Results 

The characteristics of the adolescents at baseline and at 24-month follow-up segmented by sex are shown 

in Table 1. Baseline BMI was greater in girls than boys (p=0.04), and both sexes increased BMI at 

follow-up (p<0.001). Boys performed higher levels of moderate and vigorous PA than girls at baseline 

and at follow-up (all p<0.01). Time spent in specific PA intensities decreased significantly in both boys 

and girls (all p<0.01). Boys showed higher levels of PF than girls at baseline and at follow-up (p<0.001). 

All PF components significantly increased in boys (all p<0.001), whereas girls only showed increased 

levels of motor fitness (p<0.001).  

The associations between PA at baseline and PF at 24-month follow-up are shown in Table 2. Baseline 

vigorous PA was positively associated with cardiorespiratory fitness and global fitness score at follow-

up in boys and girls (all p<0.05). Moreover, baseline vigorous PA was positively associated with 

musculoskeletal (p=0.035) and motor fitness (p=0.021) in boys.  
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Isotemporal substitution analyses are shown in Table 3. In boys, the substitution of 10 min/day of light 

or moderate PA with 10 min/day of vigorous PA at baseline was positively associated with 

cardiorespiratory, musculoskeletal and motor fitness, as well as with global fitness score (all p<0.05). 

In girls, the substitution of 10 min/day of light PA with 10 min/day of vigorous PA at baseline was 

almost significantly associated with CRF (p=0.059). In addition, the substitution of 10 min/day of light 

or moderate PA with 10 min/day of vigorous PA at baseline was positively associated with global fitness 

score (all p<0.05). Substituting light PA with moderate PA was not associated with any of the PF 

indicators (p>0.05, data not shown). 

Discussion 

The main finding of this study was the intensity-specific association between free-living PA and PF in 

adolescents. Indeed, our results showed that the level of vigorous PA at baseline was positively 

associated with PF 24-months later, revealing sex-specific differences. Results of the isotemporal 

analyses indicated that only substitution of light or moderate PA with vigorous PA was positively 

associated with PF at 24-month follow-up. These findings contribute to the scarce current literature 

about the longitudinal association between accelerometer-measured free-living PA and PF in 

adolescents, and add knowledge about the influence of replacing time spent in specific PA intensities 

on PF.   

With regard to the cardiorespiratory fitness, our results agree with the few previous longitudinal studies 

investigating the association between accelerometer-derived PA intensities and this fitness capacity, 

which also showed unique associations with vigorous PA in adolescents, but without examining sex 

differences 16,17. Our findings could also be supported by interventional studies aimed to improve 

cardiorespiratory fitness, which have shown that cardiorespiratory fitness is mostly improved by PA at 

the higher end of the intensity spectrum in children and adolescents 25. The isotemporal analyses support 

this previous evidence by the fact that only replacing light and moderate intensities with vigorous PA 

was positively associated with cardiorespiratory fitness in our group of adolescents.  
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Concerning to musculoskeletal and motor fitness, we also found that greater time spent in vigorous PA 

intensity at baseline, as well as substituting light and moderate intensities with vigorous PA, was 

significantly associated with these PF components in boys but not in girls. Motor fitness was the only 

PF component that significantly improved from baseline to follow-up in girls; however, it was not 

associated with PA intensity. These results could be due to the fact that changes in this fitness capacity 

may not be linearly related to the PA performed due to different patterns of change within the group of 

girls. To the best of our knowledge, no previous longitudinal study has explored the association of 

accelerometer-derived PA intensities with musculoskeletal and motor fitness in adolescents. Yet, our 

findings are supported by some of the limited previous cross-sectional studies investigating the 

association with musculoskeletal fitness 14,15, which also reported unique associations with vigorous PA. 

The sex differences observed in our sample could be explained by the lower time spent in daily vigorous 

PA in girls compared to boys, which may not be sufficient to induce musculoskeletal fitness adaptations 

26.  

With respect to the global fitness score, in boys, baseline vigorous PA was positively associated with 

global fitness score at follow-up, with a higher standardized regression score than PF components 

individually. In girls, isotemporal substitution analyses showed a positive association with global fitness, 

despite the fact that PF components independently showed not significant associations. These results 

could be partially explained by the cumulative influence of each PF component on the global fitness 

score. 

 All in all, the unique associations found in the present study between vigorous PA and PF may be 

related to the specific physiological stimuli exerted by this intensity. Vigorous PA requires a higher 

degree of work performed per unit of time compared to light or moderate intensities. Therefore, from a 

physiological point of view, it may require specific neuromuscular activation patterns such as greater 

motor-unit recruitment of type II fibres, discharge rate and/or synchronization 27,28, which induce 

specific adaptations like greater rate of force development 28,29. In addition, regular vigorous PA may 

induce particular metabolic stimulus influencing muscular and cardiometabolic systems adaptations like 

mitochondrial biogenesis 30, translating into greater oxidative capacity and cardiorespiratory capacity.  
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Our results are of relevance since providing insight in the effects of PA intensities may help authorities, 

educators and clinicians in designing the optimal guidance on how to perform health-enhancing PA. 

From a practical point of view, our findings indicate that it is relevant to assess the PA behaviour 

considering the different intensities separately, since reporting them combined in moderate and vigorous 

or total PA may hinder important specific effects of this behaviour. Moreover, our results suggest that 

vigorous PA should be promoted and encouraged in any of the context where adolescents can engage 

(i.e. organized sport, recreational active play or school-based PA) 31,32, since it may have important 

public health impact given the benefits of improved PF on health. Adolescents should not be treated as 

a whole homogenous group in the attempt to promote PF due to the sex-differences in the vigorous PA 

impact. 

An important strength of our study is the longitudinal design with a homogenous sample in terms of age 

and sex, as well as the inclusion of isotemporal models to assess the relationship between PA intensities 

and PF components. In addition, we assessed PA by accelerometer, which has several advantages over 

questionnaires and self-report methods, although some controversies have also been reported 10,33. Valid 

and reliable tests were used to assess PF 22, which is feasible and time-efficient in observational studies; 

however, we acknowledge that more accurate data could be obtained in laboratory settings. We 

controlled the analyses for several potential cofounders, but other unmeasured confounders such as 

genetic, environmental or social factors could have influenced our results. Finally, it is important to 

mention that despite significant associations were found in this study, the effect sizes were weak (the β 

standardized regression coefficient ranged between 0.139 and 0.368). 

In conclusion, our results support that free-living vigorous PA is associated with better PF over time in 

adolescents, with sex-specific relationships for each fitness capacity. These findings highlight the need 

of targeting specifically vigorous PA within the existing general PA recommendations for adolescents.  

Practical Implications: 

• Our findings highlight a positive relationship between free-living vigorous physical activity at 

baseline and physical fitness indicators 24-months later. 
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• Replacing light or moderate physical activity with vigorous physical activity was positively 

associated with physical fitness indicators at 24-month follow-up. 

• Assessment of the health-related effects of physical activity behavior should be performed taking 

into consideration the different intensities separately.  

• Vigorous physical activity should be specifically encouraged in future health-related promotional 

strategies for adolescents due to its unique influence on physical fitness. 

• Adolescents should not be treated as a whole homogenous group in the attempt to promote physical 

fitness due to the sex-differences in the vigorous physical activity impact. 

Acknowledgments: The DADOS Study is funded by the Spanish Ministry of Economy and 

Competitiveness, MINECO (DEP2013–45515-R) and by the Jaume I University of Castellon, UJI 

(P1·1A2015-05). This work is partly supported by a Sunny Sport research grant from the Schweppes 

Suntory Spain Company. M.A.R. is supported by a Predoctoral Research Grant from UJI 

(PREDOC/2015/13). All authors declare that there is no conflict of interest. 

 

 

References 

1 Ortega FB, Ruiz JR, Castillo MJ, et al. Physical fitness in childhood and adolescence: A powerful 

marker of health. Int J Obes 2008:1–11. Doi: 10.1038/sj.ijo.0803774. 

2 Ruiz JR, Cavero-Redondo I, Ortega FB, et al. Cardiorespiratory fitness cut points to avoid 

cardiovascular disease risk in children and adolescents; what level of fitness should raise a red 

flag? A systematic review and meta-analysis. Br J Sports Med 2016; 50(23):1451–1458. Doi: 

10.1136/bjsports-2015-095903. 

3 Peterson MD, Gordon PM, Smeding S, et al. Grip Strength Is Associated with Longitudinal 

Health Maintenance and Improvement in Adolescents. J Pediatr 2018; 202:226–230. Doi: 

10.1016/j.jpeds.2018.07.020. 

Jo
ur

na
l P

re
-p

ro
of



12 
 

4 Smith JJ, Eather N, Morgan PJ, et al. The Health Benefits of Muscular Fitness for Children and 

Adolescents: A Systematic Review and Meta-Analysis. Sport Med 2014; 44(9):1209–1223. Doi: 

10.1007/s40279-014-0196-4. 

5 Gracia-Marco L, Vicente-Rodríguez G, Casajús JA, et al. Effect of fitness and physical activity 

on bone mass in adolescents: the HELENA Study. Eur J Appl Physiol 2011; 111(11):2671–2680. 

Doi: 10.1007/s00421-011-1897-0. 

6 Zaqout M, Vyncke K, Moreno LA, et al. Determinant factors of physical fitness in European 

children. Int J Public Health 2016; 61(5):573–582. Doi: 10.1007/s00038-016-0811-2. 

7 Schutte NM, Nederend I, Hudziak JJ, et al. Twin-sibling study and meta-analysis on the 

heritability of maximal oxygen consumption. Physiol Genomics 2016; 48(3):210–219. Doi: 

10.1152/physiolgenomics.00117.2015. 

8 Hainer V, Toplak H, Stich V. Fat or Fit: What Is More Important? Diabetes Care 2009; 

32(S2):S392–S397. Doi: 10.2337/dc09-S346. 

9 Martínez-Vizcaíno V, Sánchez-López M. Relationship Between Physical Activity and Physical 

Fitness in Children and Adolescents. Rev Española Cardiol (English Ed 2008; 61(2):108–111. 

Doi: 10.1016/S1885-5857(08)60084-5. 

10 Cain KL, Sallis JF, Conway TL, et al. Using accelerometers in youth physical activity studies: a 

review of methods. J Phys Act Health 2013; 10(3):437–450. 

11 Strong WB, Malina RM, Blimkie CJR, et al. Evidence Based Physical Activity for School-age 

Youth. J Pediatr 2005; 146(6):732–737. Doi: 10.1016/j.jpeds.2005.01.055. 

12 Denton SJ, Trenell MI, Plötz T, et al. Cardiorespiratory fitness is associated with hard and light 

intensity physical activity but not time spent sedentary in 10-14 year old schoolchildren: the 

HAPPY study. PLoS One 2013; 8(4):e61073. Doi: 10.1371/journal.pone.0061073. 

13 De Baere S, Philippaerts R, De Martelaer K, et al. Associations Between Objectively Assessed 

Components of Physical Activity and Health-Related Fitness in 10- to 14-Year-Old Children. J 

Jo
ur

na
l P

re
-p

ro
of



13 
 

Phys Act Heal 2016; 13(9):993–1001. Doi: 10.1123/jpah.2015-0596. 

14 Martínez-Gómez D, Welk GJ, Puertollano MA, et al. Associations of physical activity with 

muscular fitness in adolescents. Scand J Med Sci Sports 2011; 21(2):310–317. Doi: 

10.1111/j.1600-0838.2009.01036.x. 

15 Moliner-Urdiales D, Ortega FB, Vicente-Rodriguez G, et al. Association of physical activity 

with muscular strength and fat-free mass in adolescents: the HELENA study. Eur J Appl Physiol 

2010; 109(6):1119–1127. Doi: 10.1007/s00421-010-1457-z. 

16 Carson V, Rinaldi RL, Torrance B, et al. Vigorous physical activity and longitudinal associations 

with cardiometabolic risk factors in youth. Int J Obes 2014; 38(1):16–21. Doi: 

10.1038/ijo.2013.135. 

17 Kristensen PL, Moeller NC, Korsholm L, et al. The association between aerobic fitness and 

physical activity in children and adolescents: the European youth heart study. Eur J Appl Physiol 

2010; 110(2):267–275. Doi: 10.1007/s00421-010-1491-x. 

18 Mekary RA, Willett WC, Hu FB, et al. Isotemporal Substitution Paradigm for Physical Activity 

Epidemiology and Weight Change. Am J Epidemiol 2009; 170(4):519–527. Doi: 

10.1093/aje/kwp163. 

19 Esliger DW, Rowlands A V, Hurst TL, et al. Validation of the GENEA accelerometer. Med Sci 

Sports Exerc 2011; 43(6):1085–1093. Doi: 10.1249/MSS.0b013e31820513be. 

20 Phillips LRS, Parfitt G, Rowlands A V. Calibration of the GENEA accelerometer for assessment 

of physical activity intensity in children. J Sci Med Sport 2013; 16(2):124–128. Doi: 

10.1016/j.jsams.2012.05.013. 

21 Léger LA, Mercier D, Gadoury C, et al. The multistage 20 metre shuttle run test for aerobic 

fitness. J Sports Sci 1988; 6(2):93–101. Doi: 10.1080/02640418808729800. 

22 Ortega FB, Artero EG, Ruiz JR, et al. Reliability of health-related physical fitness tests in 

European adolescents. The HELENA Study. Int J Obes 2008; 32:S49–S57. Doi: 

Jo
ur

na
l P

re
-p

ro
of



14 
 

10.1038/ijo.2008.183. 

23 Tanner JM, Whitehouse RH. Clinical longitudinal standards for height, weight, height velocity, 

weight velocity, and stages of puberty. Arch Dis Child 1976; 51(3):170–179. 

24 Farooq MA, Parkinson KN, Adamson AJ, et al. Timing of the decline in physical activity in 

childhood and adolescence: Gateshead Millennium Cohort Study. Br J Sports Med 2018; 

52(15):1002–1006. Doi: 10.1136/bjsports-2016-096933. 

25 Costigan SA, Eather N, Plotnikoff RC, et al. High-intensity interval training for improving 

health-related fitness in adolescents: a systematic review and meta-analysis. Br J Sports Med 

2015; 49(19):1253–1261. Doi: 10.1136/bjsports-2014-094490. 

26 Smith JJ, Eather N, Weaver RG, et al. Behavioral Correlates of Muscular Fitness in Children and 

Adolescents: A Systematic Review. Sport Med 2019; 49(6):887–904. Doi: 10.1007/s40279-019-

01089-7. 

27 Hodson-Tole EF, Wakeling JM. Motor unit recruitment for dynamic tasks: current understanding 

and future directions. J Comp Physiol B 2009; 179:57–66. Doi: 10.1007/s00360-008-0289-1. 

28 Enoka RM, Duchateau J. Rate Coding and the Control of Muscle Force. Cold Spring Harb 

Perspect Med 2017; 7(10):a029702. Doi: 10.1101/cshperspect.a029702. 

29 Semmler JG. Motor unit synchronization and neuromuscular performance. Exerc Sport Sci Rev 

2002; 30(1):8–14. Doi: 10.1097/00003677-200201000-00003. 

30 MacInnis MJ, Gibala MJ. Physiological adaptations to interval training and the role of exercise 

intensity. J Physiol 2017:2915–2930. Doi: 10.1113/JP273196. 

31 Kerr C, Smith L, Charman S, et al. Physical education contributes to total physical activity levels 

and predominantly in higher intensity physical activity categories. Eur Phys Educ Rev 2018; 

24(2):152–164. Doi: 10.1177/1356336X16672127. 

32 Hulteen RM, Smith JJ, Morgan PJ, et al. Global participation in sport and leisure-time physical 

activities: A systematic review and meta-analysis. Prev Med (Baltim) 2017; 95:14–25. Doi: 

Jo
ur

na
l P

re
-p

ro
of



15 
 

10.1016/j.ypmed.2016.11.027. 

33 Migueles JH, Cadenas-Sanchez C, Ekelund U, et al. Accelerometer Data Collection and 

Processing Criteria to Assess Physical Activity and Other Outcomes: A Systematic Review and 

Practical Considerations. Sports Med 2017; 47(9):1821–1845. Doi: 10.1007/s40279-017-0716-

0. 

Jo
ur

na
l P

re
-p

ro
of



16 
 

 

Table 1. Characteristics of participants at baseline and at 24-month follow-up (boys n= 98; girls n= 91). 

                Baseline                Follow-up  p values * 

 Boys  Girls  Boys  Girls  Boys Girls 

Age (years) 13.9 (0.3)  13.9 (0.3)  15.8 (0.3)  15.8 (0.3)  <0.001 <0.001 

Weight (kg) 54.0 (9.5)  53.4 (9.0)  64.0 (8.7)**  58.4 (9.1)  <0.001 <0.001 

Height (cm) 164.7 (8.5)**  160.7 (6.8)  172.7 (6.6)**  162.7 (6.6)  <0.001 <0.001 

BMI (kg/m2) 19.8 (2.5)**  20.6 (2.9)  21.4 (2.6)  22.1 (3.2)  <0.001 <0.001 

Tanner stage (I-V) (%) 0/8/33/45/14  0/7/34/55/4  0/0/4/39/57**  0/0/15/70/15  <0.001 <0.001 

Physical activity levels (min/day)           

Light 176.4 (68.9)  170.1 (24.6)  154.9 (30.4)  157.6 (27.9)  <0.001 <0.001 

Moderate  81.5 (26.4)**  69.1 (18.0)  59.1 (33.1)**  43.1 (33.6)  <0.001 <0.001 

Vigorous  15.2 (7.8)**  9.4 (8.0)  9.2 (7.6)**  4.3 (6.5)  <0.001 <0.001 

Physical Fitness           

Cardiorespiratory fitness (laps) 78.7 (20.6)**  52.3 (21.0)  87.5 (19.4)**  51.5 (20.5)  <0.001 0.520 

Musculoskeletal fitness (cm) 181.5 (24.6)**  162.1 (25.0)  206.5 (25.9)**  162.3 (30.2)  <0.001 0.913 

Motor fitness (s) 12.0 (0.7)**  13.0 (0.9)  11.0 (0.7)**  12.4 (0.8)  <0.001 <0.001 

Global fitness score † 0.02 (0.87)  0.07 (0.92)  -0.01 (0.40)  -0.02 (0.45)  0.739 0.129 

Data are shown as mean (standard deviation). * Differences between baseline and follow-up tested by paired t test or chi‐ squared 

test. ** Differences between sexes tested at the specific time point by independent t test or chi-squared test (p<0.05). 
† The global fitness score was calculated as the mean of the z-scores values of cardiorespiratory, musculoskeletal and motor fitness. 
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Table 2. Associations between physical activity levels at baseline and physical fitness at 24-month follow-up by sex. 

  Cardiorespiratory fitness  Musculoskeletal fitness  Motor fitness †  Global fitness score ‡ 

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

Boys (n=98)                 

Light PA  0.004 -0.038; 0.040 0.954  -0.016 -0.055; 0.042 0.803  0.049 -0.001; 0.002 0.561  0.017 -0.001; 0.001 0.826 

Moderate PA  0.092 -0.035; 0.170 0.192  -0.034 -0.163; 0.097 0.616  0.096 -0.002; 0.007 0.260  0.074 -0.001; 0.004 0.349 

Vigorous PA  0.234 0.232; 0.949 0.002  0.139 0.032; 0.894 0.035  0.195 0.003; 0.031 0.021  0.340 0.010; 0.025 <0.001 

Girls (n=91)                 

Light PA  -0.008 -0.107; 0.094 0.894  -0.072 -0.304; 0.127 0.416  -0.021 -0.006; 0.005 0.792  0.012 -0.002; 0.002 0.842 

Moderate PA  0.042 -0.096; 0.192 0.666  -0.048 -0.381; 0.219 0.593  0.003 -0.008; 0.008 0.969  0.056 -0.002; 0.005 0.372 

Vigorous PA  0.184 0.016; 0.933 0.043  -0.164 -1.359; 0.120 0.100  0.277 -0.008; 0.028 0.246  0.213 0.004; 0.020 0.004 

Data are presented as standardized regression coefficient (β) and 95% CI. Analyses were adjusted for age, pubertal status, body mass index and the corresponding 

physical fitness value at baseline. Statistically significant values (p<0.05) are in bold. 

PA: physical activity; CI: confidence intervals. 
† The original score expressed in seconds was multiplied by -1, so that a higher score indicates better performance. 

‡ The global fitness score was calculated as the mean of the z-scores values of cardiorespiratory, musculoskeletal and motor fitness. 
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Table 3. Isotemporal substitution models examining the association between replacing 10-min of light or moderate physical activity with vigorous 

physical activity at baseline and physical fitness at 24-months follow-up.  

   Boys     Girls  

 B β 95% CI p value  B β 95% CI p value 

Cardiorespiratory fitness          

Replacing light PA 5.492 0.217 1.566; 9.418 0.007  4.732 0.184 -0.182; 9.644 0.059 

Replacing moderate PA 5.439 0.216 1.034; 9.844 0.016  4.730 0.184 -1.388; 10.848 0.128 

Musculoskeletal fitness          

Replacing light PA 5.583 0.174 1.142; 10.425 0.015  -6.139 -0.162 -14.504; 2.279 0.148 

Replacing moderate PA 6.753 0.203 1.424; 12.083 0.014  -8.790 -0.232 -19.708; 2.129 0.113 

Motor fitness †          

Replacing light PA 0.231 0.266 0.079; 0.382 0.003  0.117 0.112 -0.090; 0.324 0.264 

Replacing moderate PA 0.279 0.322 0.105; 0.453 0.002  0.175 0.168 -0.094; 0.444 0.200 

Global fitness score ‡          

Replacing light PA 0.187 0.357 0.106; 0.268 <0.001  0.122 0.217 0.034; 0.211 0.007 

Replacing moderate PA 0.193 0.368 0.101; 0.285 <0.001  0.132 0.234 0.019; 0.244 0.022 

PA: physical activity. The unstandardized regression coefficient (B) with its 95% confidence interval (CI), the standardized regression coefficient (β) 

and the p value are given for each association.  

Isotemporal Substitution Models were adjusted for age, pubertal status, body mass index and the corresponding physical fitness value at baseline. 
† The original score expressed in seconds was multiplied by -1, so that a higher score indicates better performance. 
‡ The global fitness score was calculated as the mean of the z-scores values of cardiorespiratory, musculoskeletal and motor fitness. 
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