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ABSTRACT 

Cardiorespiratory fitness is a key health marker in childhood and adolescence, 

associated with lower future cardiovascular and metabolic risk. This study, conducted within 

the COR-School project, examined the relationship between age and cardiorespiratory fitness 

in 685 physically active Spanish children and adolescents (420 boys and 265 girls) aged 8–16 

years. All participants completed the 20m shuttle run test following a standardised protocol, 

with total distance covered and age recorded. Analysis revealed a significant positive 

correlation (r = 0.35; p < 0.001), with each additional year of age associated with an average 

increase of more than 90 meters covered. Boys outperformed girls across all age groups, 

although age remained the main predictor of performance. Compared with European 

reference values from the FitBack project, the COR-School cohort achieved higher results. 

Suggesting that physically active youth participating in organized sports tend to present better 

cardiorespiratory fitness levels than the reference population. These findings confirm the 

value of the 20mSRT as a simple and reliable tool for population monitoring, inequality 

detection, and the design of school- and community-based health promotion strategies. 
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INTRODUCTION 

Cardiorespiratory fitness (CRF) is an important health indicator in childhood and 

adolescence, being associated with a more favourable cardiovascular profile and a lower risk 

of metabolic and chronic diseases later in life (Ortega et al., 2008; Ruiz et al., 2016). 

Available evidence shows that children and adolescents with low CRF have a higher risk of 

overweight, blood pressure alterations, and poorer perceived quality of life (García-Hermoso 

et al., 2020; Mintjens et al., 2018; Ortega et al., 2008). In this regard, the assessment of 

aerobic capacity, given its strong association with health (Demchenko et al., 2025; Mintjens 

et al., 2018; Raghuveer et al., 2020), has gained increasing relevance in both research and 

clinical, educational, and sports practice. 

The Course Navette test, also known as the 20 m shuttle run test (20mSRT), has 

become the most widely used field-based tool to estimate CRF in children and adolescents 

(Léger & Lambert, 1982; Ruiz et al., 2011). Its low cost, ease of administration, and adequate 

validity compared with laboratory measures make it a reference instrument in 

epidemiological studies and public health programs (Lang et al., 2018; Tomkinson et al., 

2017). 

Age and biological maturation are key determinants of CRF performance, as somatic 

growth and pubertal hormonal changes directly influence maximal oxygen uptake, muscular 

strength, and other components of physical fitness (Albaladejo-Saura et al., 2021; Malina et 

al., 2004). Recent research confirms that CRF increases progressively throughout childhood 

and adolescence, although the magnitude of this increase depends on variables such as sex, 

physical activity level, and sociocultural context (Carayanni et al., 2022; Tomkinson et al., 

2017).  

While the general trajectories of CRF development across age are documented, 

evidence specifically focusing on youth engaged in structured, competitive club sports 



 

 

remains limited. Active cohorts are often underrepresented in large-scale national fitness 

surveys. The COR-School project provides an opportunity to characterise age-related 

differences in 20mSRT performance in youth engaged in organised sports and to compare 

these results with national and European reference values. Therefore, this study aimed to 

examine the relationship between age and CRF performance in physically active children and 

adolescents. 

 

METHODS 

Study Design 

A cross-sectional study was designed within the framework of the COR-School 

project, a longitudinal program aimed at evaluating physical fitness, cardiovascular 

biomarkers, and quality of life in Spanish children and adolescents (Aixa-Requena et al., 

2024). 

 

Participants 

The sample comprised 685 schoolchildren and adolescents (420 boys and 265 girls), 

aged between 8 and 16 years, recruited via convenience sampling from 29 sports clubs 

located in north-eastern Spain. Regarding sports modalities, 73.3% engaged in team sports 

and 25.9% in individual sports, with football (37.3%), basketball (19.4%), handball (14.6%), 

and swimming (11.5%) being the most prevalent. 

Inclusion criteria required participants to be aged 8–16, regularly active in organised 

sports, and free of cardiovascular risk factors. To ensure safety, parents completed a 

standardised cardiac health questionnaire based on the AHA 14-element screening (Maron et 

al., 2014) and the PAR-Q (Rodríguez, 1994). Only youth without known cardiac conditions, 



 

 

symptoms (e.g., exertional chest pain or syncope), or family history of premature sudden 

cardiac death were included. Written parental consent and youth assent were obtained.  

A sample size estimation was performed using G*Power 3.1 for a multiple linear 

regression model including two predictors (age and sex). Assuming a small-to-moderate 

effect size (f² = 0.05), an alpha level of 0.05, and a statistical power of 0.95, a minimum 

sample size of 312 participants was required. The final sample included 685 participants, 

substantially exceeding this requirement. 

Written consent was obtained from parents or legal guardians, and verbal assent was 

provided by the minors. The study protocol (Aixa-Requena et al., 2024) was approved by the 

Clinical Research Ethics Committee of the Catalan Sports Administration 

(30/CEICGC/2020) and complied with the principles of the most recent revision of the 

Declaration of Helsinki (World Medical Association, 2013). 

 

Variables and Instruments 

Participants’ age (years) and sex were also recorded at the time of testing. 

CRF was assessed using the 20mSRT, following the standardised protocol described 

by Léger et al. (1982) and included in the ALPHA-FIT battery (Ruiz et al., 2011). The test 

consisted of running back and forth over a 20 m distance in time with audio signals that 

progressively increased speed by 0.5 km/h each minute, starting at 8.5 km/h, until voluntary 

exhaustion or inability to maintain the required pace. Total distance covered (in meters) and 

the final stage achieved were recorded. 

The assessments were conducted in person following a standardised protocol 

established within the COR-School project. Data collection was carried out by trained 

researchers and research assistants with previous experience in physical fitness assessment. 



 

 

Prior to data collection, all personnel received specific training regarding the administration 

of the testing procedures to ensure consistency across participants and testing locations. 

 

Statistical analysis 

Descriptive statistics (mean, standard deviation, minimum, and maximum) were 

calculated for all variables. Pearson correlation coefficients and linear regression models 

were used to examine the relationship between age and CRF performance, with sex included 

as a covariate. Assumptions of normality, homoscedasticity, and linearity were assessed 

before conducting the analyses. Normality was evaluated using the Shapiro–Wilk test and 

visual inspection of histograms and Q–Q plots. Homoscedasticity and linearity were 

examined through residual plots. The strength of associations was expressed using the 

coefficient of determination (R²) and unstandardized/standardized beta coefficients with 95% 

confidence intervals. Statistical significance was set at p < 0.05. Analyses were performed 

using Jamovi software (version 2.6.26.0) for macOS Catalina (The jamovi project, 2025). 

 

RESULTS 

A total of 685 participants (420 boys and 265 girls) aged between 8 and 16 years were 

included. Table 1 presents the descriptive characteristics of the sample and the results 

obtained in the 20mSRT, expressed as mean ± standard deviation, minimum, and maximum 

values. 

 

Table 1. Descriptive characteristics and 20mSRT values of the participants 

Variable n M  SD Min. Max. 

Age (years) 685 11.7  1.7 8 16 

Overall 20mSRT (m)  685 1312  449 320 2700 

Boys 20mSRT (m)  420 1445  460 320 2700 

Girls 20mSRT (m)  265 1115  351 360 1960 

 



 

 

Table 2 shows the comparison between the mean values obtained in the 20mSRT by 

the COR-School sample and the European reference values for the 50th percentile provided 

by the FitBack network (Ortega et al., 2023). Across all age groups between 8 and 16 years, 

both boys and girls in the study achieved higher values than the European reference values. 

The differences ranged from 324 to 780 meters in favour of the COR-School sample. 

 

Table 2. Comparison of 20mSRT distance: COR-School vs. FitBack references 

 Age COR-School (n=685) FitBack (n=1 026 077) Difference 

Girls 

8 840 355 + 485 

9 759 434 + 324 

10 1060 500 + 560 

11 1068 550 + 518 

12 1207 583 + 623 

13 1219 600 + 619 

14 1187 600 + 587 

15 1329 600 + 729 

16 1380 600 + 780 

Boys 

8 1043 450 + 593 

9 1139 550 + 589 

10 1295 652 + 644 

11 1351 722 + 630 

12 1483 792 + 691 

13 1602 883 + 718 

14 1501 994  + 507 

15 1606 1071 + 535 

16 1740 1109 + 631 

Note. European values are presented after conversion from completed stages to total meters covered. Difference 

= COR-School – European reference (FitBack). 

 

Table 3. Correlations and regression models between age and CRF performance 

Predictor variable B (IC95%) β (IC95%) R2 p 

Age (years) a  r = 0.35 (0.29 – 0.42) – – < 0.001 

Age (years) b 94.39 (75.67 – 113.11) 0.35 (0.28 – 0.42) 0.12 < 0.001 

Age (years) c 91.93 (74.41 – 109.45) 0.34 (0.28 – 0.41) 0.24 < 0.001 

Sex (Boys vs Girls) c 312.79 (252.34 – 373.24) 0.70 (0.56 – 0.83) 0.24 < 0.001 

Note. a = Pearson correlation; b = simple linear regression model; c = multiple linear regression model (adjusted 

for age and sex). r = Pearson correlation coefficient; B = unstandardized regression coefficient; β = standardized 

regression coefficient; IC95% = 95% confidence interval; R² = coefficient of determination. 

 

The correlation analysis (Table 3) showed that the distance covered in the 20mSRT 

increased progressively with age in both sexes (Figure 1). The Pearson correlation between 



 

 

age and meters covered was positive, of moderate magnitude, and statistically significant (r = 

0.35; 95% CI: 0.29–0.42; p < 0.001). 

 

 

Figure 1. Relationship between age and distance covered in the 20mSRT 

 

The simple linear regression model (Table 3) indicated that age explained 12% of the 

variance in CRF performance (R² = 0.12). Each additional year of age was associated with a 

mean increase of 94.39 meters covered (95% CI: 75–113; p < 0.001). 

When sex was included as a covariate (Table 3), model fit improved substantially (R² 

= 0.24), with age remaining a significant predictor (B = 91.93 m; 95% CI: 74–109; p < 

0.001). The effect of sex was also significant, such that boys covered on average 312.79 

meters more than girls after adjusting for age (95% CI: 252–373; p < 0.001). 



 

 

 

DISCUSSION 

The present study, conducted within the framework of the COR-School project, 

analysed the relationship between age and CRF assessed using the 20mSRT in a large sample 

of physically active Spanish schoolchildren. The results showed a positive and significant 

correlation of moderate magnitude (r = 0.35), such that, on average, each additional year of 

age was associated with an increase of approximately 90 meters covered in the test. In 

addition, sex was confirmed as a relevant predictor: after adjusting for age, boys covered 

approximately 313 meters more than girls. 

These findings are consistent with the literature describing age and sex as key 

determinants of CRF during childhood and adolescence. Malina et al. (2004) and Ortega et al. 

(2008) previously highlighted that somatic growth and physiological changes associated with 

puberty have a direct impact on aerobic capacity. More recent longitudinal studies confirm 

this pattern. Other studies have shown that performance in the 20mSRT increases between 7 

and 15 years of age steadily, with more pronounced differences in boys after pubertal onset 

(Ingvarsdottir et al., 2024). Similarly, a progressive increase in performance associated with 

age and maturation has been documented in schoolchildren, emphasising the importance of 

controlling for maturational status in analyses (Järvamägi et al., 2022). 

The sex differences observed in this study are in line with those reported in systematic 

reviews and epidemiological studies (Mintjens et al., 2018; Tomkinson et al., 2017). These 

differences may be mainly attributed to greater muscle mass, higher haemoglobin 

concentration, and larger stroke volumes in boys after puberty (Petek et al., 2023; Rowland, 

2018). However, when adjusting for biological maturation, previous research has shown that 

sex-related disparities tend to diminish (Carayanni et al., 2022), suggesting that part of the 

gap is explained by differences in the timing of peak pubertal growth. 



 

 

When comparing our results with the European reference values recently published by 

the FitBack network (Ortega et al., 2023), physically active schoolchildren from the COR-

School sample clearly exceeded the European 50th percentile values across all ages between 

8 and 16 years, with differences ranging from 324 to 780 meters. This finding indicates a 

favourable CRF profile in the present sample compared with the general population, as 

suggested by recent studies linking organised sports participation with higher levels of CRF 

(Kolunsarka et al., 2024; Zhao et al., 2025). Moreover, it reinforces the usefulness of the 

20mSRT as a tool to monitor population differences and detect potential inequalities in 

physical fitness between active youth and the average school population, as supported by 

studies highlighting its scalability and application in youth health surveillance (Tomkinson et 

al., 2019). While these differences are noteworthy, the comparison with FitBack reference 

values should be interpreted descriptively. The cross-sectional design of the present study 

does not allow conclusions regarding the factors responsible for the observed differences. 

The observed correlation was moderate (r = 0.35), indicating that age explains only 

part of the variability in performance. Other factors, including sports participation, body 

composition, and socio-educational context, may also contribute to performance variability 

(Aixa-Requena et al., 2025; Eberhardt et al., 2025; García-Hermoso et al., 2020; Lin et al., 

2025).  

In addition, recent secular trends point to a global decline in CRF among young 

populations (Leone et al., 2023), highlighting the need to contextualise results using national 

and international reference data. In this regard, comparison with European reference values 

(Ortega et al., 2023) allows the identification of whether active youth in this study fall within 

or above population averages, providing relevant information on their health profile. 

The use of the 20mSRT as a field-based assessment tool represents another strength of 

the present study. Its validity compared with laboratory measures and its applicability in 



 

 

large-scale studies have been widely documented (Lang et al., 2018; Léger & Lambert, 1982; 

Ruiz et al., 2011; Tomkinson et al., 2017). The consistency of the present findings with the 

international literature further supports its utility as a monitoring instrument in school- and 

sport-based programs. 

Among the main strengths of this study are the large sample size, the inclusion of a 

wide age range, and the homogeneity of the applied protocol. Nevertheless, some limitations 

should be acknowledged. The cross-sectional design does not allow the assessment of intra-

individual developmental trajectories or the establishment of causal relationships. In addition, 

objective measures of biological maturation and sports practice volume were not included. 

This limitation is particularly relevant given the wide age range studied (8–16 years), which 

encompasses major maturational transitions that may substantially influence CRF and 

partially explain the age- and sex-related differences observed. 

In conclusion, the results confirm that age and sex are significant predictors of CRF 

performance in physically active Spanish schoolchildren. These findings, consistent with the 

international literature, reinforce the usefulness of the 20mSRT as a monitoring tool in 

educational and sports settings and provide reference data that can be compared with national 

and European standards. Future longitudinal studies will allow the evaluation of the influence 

of biological maturation and structured sports participation on the development of CRF. 

 

CONCLUSIONS 

Age and sex were confirmed as significant predictors of CRF performance in 

physically active children and adolescents. The distance covered in the 20mSRT increased 

progressively with age, with a mean increase of approximately 90 meters per year, and boys 

achieved higher results than girls after adjusting for age. 



 

 

Compared with European reference values from the FitBack network, study 

participants showed superior performance in the 20mSRT across all age groups. However, 

this comparison is descriptive and should be interpreted with caution given the observational 

nature of the study. 

These findings support the use of the 20mSRT for monitoring CRF in school and 

sports settings. They also provide reference data that can be compared with national and 

European standards. 
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