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Introduction: Anthropometric and physical fitness data can predict sport-specific performance (e.g., canoe sprint race time) in young athletes. Of note, inter-item correlations (i.e., multicollinearity) may exist between tests assessing similar physical qualities. However, multicollinearity among tests may change across age and/or sex due to age-/sex-specific non-linear development of test performances. Therefore, the present study aimed at analyzing inter-item correlations between anthropometric, physical fitness, and sport-specific performance data as a function of age and sex in young canoe sprint athletes.

Methods: Anthropometric, physical fitness, and sport-specific performance data of 618 male and 297 female young canoe sprint athletes (discipline: male/female kayak, male canoe) were recorded during a national talent identification program between 1992 and 2019. For each discipline, a correlation matrix (i.e., network analysis) was calculated for age category (U13, U14, U15, U16) and sex including anthropometrics (e.g., standing body height, body mass), physical fitness (e.g., cardiorespiratory endurance, muscle power), and sport-specific performance (i.e., 250 and 2,000-m on-water canoe sprint time). Network plots were used to explore the correlation patterns by visual inspection. Further, trimmed means (μtrimmed) of inter-item Pearson's correlations coefficients were calculated for each discipline, age category, and sex. Effects of age and sex were analyzed using one-way ANOVAs.

Results: Visual inspection revealed consistent associations among anthropometric measures across age categories, irrespective of sex. Further, associations between physical fitness and sport-specific performance were lower with increasing age, particularly in males. In this sense, statistically significant differences for μtrimmed were observed in male canoeists (p < 0.01, ξ = 0.36) and male kayakers (p < 0.01, ξ = 0.38) with lower μtrimmed in older compared with younger athletes (i.e., ≥U15). For female kayakers, no statistically significant effect of age on μtrimmed was observed (p = 0.34, ξ = 0.14).

Discussion: Our study revealed that inter-item correlation patterns (i.e., multicollinearity) of anthropometric, physical fitness, and sport-specific performance measures were lower in older (U15, U16) versus younger (U13, U14) male canoe sprint athletes but not in females. Thus, age and sex should be considered to identify predictors for sport-specific performance and design effective testing batteries for talent identification programs in canoe sprint athletes.
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Introduction

The regular assessment of measures of physical fitness and/or sport-specific performance in young athletes is a crucial part of talent identification and talent development in sports (1, 2). In general, talent identification (detection) and development programs aim to identify young athletes that have the potential to achieve future success in competitive sports and to select them for talent promotion programs (3). However, these programs require a multidimensional approach in which many anthropometric, physical, and physiological characteristics (e.g., body mass, muscle strength, cardiorespiratory endurance) need to be taken into account (1, 4). Thus, knowledge about the predictive value of such characteristics and their measurability is important for coaches, researchers, and athletes alike.

Important characteristics for talent identification programs in canoe sprint involve various measures of anthropometry (e.g., arm span), physical fitness (e.g., cardiorespiratory fitness), and sport-specific skills (e.g., pull-push action) (5, 6). Earlier studies used linear regression models in an attempt to explain sport-specific race times by anthropometric and fitness measures (7–10). For instance, Fry and Morton (7) examined the role of a set of anthropometric (e.g., body mass, sitting height) and physical fitness parameters (e.g., cardiorespiratory fitness, muscle strength, muscular endurance) in predicting the race time across 500 m−42 km in competitive kayakers. The regression model could explain a high proportion of race time variance for 500 m (r2 = 0.83), 1,000 m (r2 = 0.92) and 10,000 m (r2 = 0.90). In a recent study, Gäbler et al. (10) aimed at determining the combination of demographic (e.g., sex, discipline), anthropometric (e.g., standing body height, skeletal muscle mass), and physical fitness variables (e.g., muscular endurance, muscle power) that most accurately predict canoe sprint performance (i.e., 500- and 2,000-m race time) in young canoe sprint athletes. The authors reported that the combination of demographic (i.e., discipline), anthropometric (i.e., skeletal muscle mass), and physical fitness data (i.e., muscle power and/or muscular endurance) in the linear regression model provides the largest explained variance for 500 m (i.e., r2 = 0.88) and 2.000 m (r2 = 0.69) race time. Overall, depending on the race distance, discipline, or performance level, studies revealed trivial-to-high associations between anthropometric, physical fitness, and sport-specific performance measures (0 ≤ r ≤ 0.7). Additionally, anthropometric and/or physical fitness measures explained medium-to-high levels of variance of sport-specific performance in canoe sprint athletes (40% ≤ r2 ≤ 92%) (8, 10, 11).

In addition to the identification of predictive characteristics (i.e., demographics, anthropometrics) and/or performance variables, it is always worth examining the inter-item correlation of such multivariate datasets. Analyzing the inter-item correlations is useful when it comes to building or improving a statistical model and/or reducing the complexity of the data structure for reasons of multicollinearity. For instance, in their regression analysis, Gäbler et al. (10) had to remove measures such as body mass, standing body height, or maximal (handgrip) strength to reduce bias due to multicollinearity. Of note, it can be speculated that multicollinearity, and therefore the shared variances, among tests, is not constant across age and/or sex as patterns of system growth (e.g., neural, hormonal, general) and trainability (i.e., potential to adapt to training) can be characterized as specific and non-linear. For instance, the development of body height follows a double-sigmoid growth pattern in girls and boys, with rapid gains in infancy, slower yearly gains through childhood, and a second rapid gain at puberty (12). In terms of physical fitness, muscle strength (i.e., handgrip strength) and muscle power (i.e., countermovement jump height) were larger by 13 and 6%, respectively, in 13-year-old compared with 12-year-old male athletes from different sports (13). Notably, the same fitness parameters increased by 23 and 19%, respectively, from 14-year-old to 15-year-old male athletes (13). Interestingly, while young female athletes showed similar fitness differences between 12- and 13-year-olds (i.e., 16 and 6%, respectively), differences were significantly lower between 14- and 15-year-olds (i.e., only 2 and 3%, respectively) when compared with males (13). In line with these findings, differences in weightlifting performance from 12/13 to 14/15-year-old athletes amounted to 53% in males but only 14% in females (14). These results indicated that maturation and/or trainability of muscle strength and power is sex-specific. In contrast, linear speed performance did not significantly differ between young male vs. female runners of different age categories (U8–U16 years) (15).

Moreover, in addition to the empirical findings, the youth physical development model introduced by Lloyd and Oliver (16) suggested that fitness components are not equally important throughout the stages of long-term athlete development. While muscle strength should be a priority at all stages for males and females, attention to endurance and metabolic conditioning is given as the child approaches adulthood, and at no stage, it is seen as the main focus of an individual's training (16). Consequently, measures of anthropometry, physical fitness, and sport-specific performance and the respective inter-item correlation may specifically depend on age and/or sex potentially affecting the accuracy and structure of statistical models. In support of this, Haga et al. (17) examined the relationship between measures of physical fitness (i.e., endurance, muscle strength, linear speed) and general motor performance, as assessed by the “Movement Assessment Battery for Children” [a set of generic motor tests to identify impairments in motor performance of children (18)], in children and adolescents aged between 4 and 16 years. The results showed that the correlation coefficients between physical fitness and motor performance were significantly lower with increasing ages (4–6 years: r = 0.56; 11–12 years: r = 0.44; 15–16 years: r = 0.20). It was argued that the execution of physical fitness tasks may be more demanding at a younger age. Therefore, the fitness tasks appear to be more dependent on general motor performance (“motor competence”) (17).

Thus, the present study aimed to analyze the inter-item correlations between anthropometric, physical fitness, and sport-specific performance data as a function of age and sex in young canoe sprint athletes. Based on existing studies (12, 13, 17), we hypothesized that inter-item correlation between anthropometric, physical fitness, and sport-specific performance data may depend on the factors age and sex.



Materials and methods


Experimental procedure and participants

We used a cross-sectional observational study design to analyze anthropometric, physical fitness, and sport-specific performance data obtained during a national talent identification program for young German canoe sprint athletes. Standardized measurements were annually scheduled in the preparation period (i.e., end of September/beginning of October) of the athletes at an Olympic Testing and Training Center. All male and female athletes aged 12–16 years (i.e., age categories: student [under (U)13, U14], cadet [U15, U16]) who participated in the talent identification program in the federal state of Brandenburg between 1992 and 2019 were included for the analysis. Sixty-one percent of the athletes attended more than one measurement during the observation period (i.e., 2 measurements: 29%, 3 measurements: 18%, 4 measurements: 14%). Participants included 618 males (kayak: n = 355; canoe: n = 263) and 297 females (kayak only). The study complied with the Declaration of Helsinki and approval was granted by the Brandenburg Canoe Federation to analyze and publish the preexisting collected data.



Assessment of anthropometry

Standardized testing protocols were applied for the assessment of standing body height, body mass, and arm span of young athletes. Additionally, sitting body height (i.e., height from the bottom of the seat to the top of the head) was specifically determined for young kayakers, whereas kneeling body height (i.e., height from the bottom of the ground to the top of the head during kneeling position) was measured for the young canoeists.



Assessment of physical fitness
 
Muscle power

To determine muscle power, participants completed an underhand ball throw test. High test-retest reliability was reported previously with an intraclass correlation coefficient (ICC) of 0.95 (19). In an upright standing position, athletes hold a steel/rubber ball with both hands in front of the body. The mass of the ball was 3 kg for the girls and 5 kg for the boys. From the standing position, the athletes had to perform an underhand countermovement swing which was immediately followed by throwing the ball as far as possible. After the push-off, the feet had to remain on the ground. Three trials were performed, and the best trial in terms of maximal horizontal distance was used for analysis.



Muscular endurance

For muscular endurance, mechanical work was recorded during 2-min bench press and bench pull exercises. Test-retest reliability was high for both bench press (ICC = 0.94) and bench pull (ICC = 0.96) tests (10). For each exercise, participants had to perform as many repetitions as possible with a loaded barbell within 2 min. Athletes and their coaches selected the load of the barbell based on previous performance in an attempt to maximize mechanical work. A wire connected the barbell to a displacement transducer to register the total distance covered. The displacement transducer operated on the principle of a digital optical encoder. Finally, the mechanical work for both exercises was summarized and used for further analysis.



Cardiorespiratory endurance

As a measure of cardiorespiratory endurance, the on-land running time over 800 m for female athletes and 1,500 m for male athletes was determined on an outdoor track (400-m) with a stopwatch. High test-retest reliability was reported for this protocol (10). The athletes in the respective age groups started from a standing position after an acoustic signal was given by the tester. One trial was allowed and used for analysis.



Linear speed

For the assessment of linear speed, the on-land sprinting time over 30 m on an indoor track was recorded using photoelectric sensors (Tag Heuer, model CP505, La Chaux-de-Fonds, Switzerland). High test-retest reliability was reported (ICC = 0.94) (10). The start was performed individually with a run-up of 5 m (i.e., flying). The best out of three trials in terms of the fastest running time was included in the analysis.

All fitness scores were transformed using an interval-scaled scoring system to provide identical measurement units.




Assessment of sport-specific performance

Sport-specific performance was quantified using on-water canoe sprints over a distance of 250 and 2,000 m. Race time in the respective discipline boat (i.e., kayak, canoe) was recorded with a stopwatch. The participants had to complete the 250 m trial first (i.e., pairwise start) followed by a 30-min break and the 2,000 m trial. The 2.000 m time trial was completed alone on a 1,000 m track with a “u-turn” to account for possible effects of weather conditions (e.g., wind). The individual test values of the sport-specific performance were transformed using an interval-scaled scoring system to provide identical measurement units.



Statistical analyses

An inter-item correlation matrix was calculated for each age category (i.e., U13, U14, U15, U16) and sex (i.e., males, females) including the anthropometric, physical fitness, and sport-specific performance data. Network plots were used to explore the correlation patterns by visual inspection. Subsequently, absolute Pearson's correlation coefficients of single associations were used in a one-way ANOVA design on trimmed means (μtrimmed) to check for global differences between mean correlation coefficients of age category and sex in each discipline (i.e., kayak, canoe). Pairwise comparisons were conducted on each discipline (i.e., male/female kayak, male canoe) using Yuens trimmed means test. Effect sizes of ξ = 0.10, 0.30, and 0.50 correspond to small, medium, and large effects (20). An alpha level of 0.05 was used to define statistical significance. All analyses were conducted in R version 4.2.0 with the packages (20–23).




Result

Descriptive data are displayed in Tables 1–3. Overall, results indicated that correlation coefficients between anthropometric, physical fitness, and sport-specific performance ranged from −0.34 to 0.86 in male kayakers, −0.19 to 0.91 in male canoeists, and −0.49 to 0.87 in female kayakers. Visual inspection revealed that associations of anthropometric measures (i.e., standing body height, body mass, arm span, and sitting body height) remained stable across age categories, irrespective of sex. In contrast, associations of physical fitness and sport-specific performance measures decreased with increasing age, particularly in males (Figures 1–3).


TABLE 1 Anthropometric, physical fitness and sport-specific performance measures in young female kayakers.
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TABLE 2 Anthropometric, physical fitness and sport-specific performances measures in young male kayakers.

[image: Table 2]


TABLE 3 Anthropometric, physical fitness and sport-specific performances measures in young male canoeists.
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FIGURE 1
 Network representation of a correlation matrix of different test items of anthropometric, physical fitness, and sport-specific performance measures in young female kayakers. ASW, arm span width; B20, 2,000 m on-water race; B25, 250 m on-water race; BP, bench press and bench pull; EnR, 800 m run; BT, underhand ball throw test; LS, 30 m linear sprint; BM, body mass; BH, body height; SBH, sitting body height.
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FIGURE 2
 Network representation of a correlation matrix of different test items of anthropometric, physical fitness, and sport-specific performance measures in young male kayakers. ASW, arm span width; B20, 2,000 m on-water race; B25, 250 m on-water race; BP, bench press and bench pull; EnR, 1,500 m run; BT, underhand ball throw test; LS, 30 m linear sprint; BM, body mass; BH, body height; SBH, sitting body height.
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FIGURE 3
 Network representation of a correlation matrix of different test items of anthropometric, physical fitness, and sport-specific performance measures in young male canoeists. ASW, arm span width; B20, 2,000 m on-water race; B25, 250 m on-water race; BP, bench press and bench pull; EnR, 1,500m run; BT, underhand ball throw test; LS, 30 m linear sprint; BM, body mass; BH, body height; KBH, kneeling body height.


The ANOVA outcomes indicated statistically significant differences for μtrimmed across age groups in male kayakers [F(3, 57.36) = 9.30, p < 0.01, ξ = 0.38, 95%CI (0.27, 0.51)] and male canoeists [F(3, 57.5) = 6.20, p < 0.01, ξ = 0.36, 95%CI (0.24, 0.49)]. In male kayakers, U13 displayed a significantly larger correlation coefficient (μtrimmed = 0.50) compared with U15 and U16 (μtrimmed ≤ 0.35) (Figure 4). In male canoeists, U16 displayed a significantly smaller correlation coefficient (μtrimmed = 0.26) compared with U13 and U14 (μtrimmed ≥ 0.45) (Figure 5). No statistically significant differences in μtrimmed between age groups were found for female kayakers [F(3, 57.45) = 1.13, p = 0.34, ξ = 0.14, 95%CI (0.08, 0.31)] (Figure 6). When comparing the differences of μtrimmed between male and female kayakers, a significant effect was observed [F(2, 212.32) = 7.31, p < 0.01, ξ = 0.21, 95%CI (0.13, 0.32)] with significantly larger correlation coefficients in males than in females.


[image: Figure 4]
FIGURE 4
 Post-hoc tests on trimmed means of different age categories of absolute inter-item correlation coefficients in young male kayakers.
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FIGURE 5
 Post-hoc tests on trimmed means of different age categories of absolute inter-item correlation coefficients in young male canoeists.
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FIGURE 6
 Post-hoc tests on trimmed means of different age categories of absolute inter-item correlation coefficients in young female kayakers.




Discussion

To the best of our knowledge, this is the first study that examined inter-item correlations of anthropometric, physical fitness, and sport-specific performance measures considering (chronological) age and sex in young canoe sprint athletes. We hypothesized that inter-item correlation between anthropometric, physical fitness, and sport-specific performance data are dependent on the factors age and sex. Our main findings indicated that (i) the trimmed means of inter-item correlation coefficients (μtrimmed) were significantly lower with increasing age (i.e., ≥ U15) in young male canoeists/kayakers, (ii) there were no statistically significant differences in μtrimmed between age groups in young female kayakers, and (iii) μtrimmed were significantly larger in young male compared with female kayakers.


Role of age on inter-item correlations in male kayakers/canoeists

Previous studies in canoe sprint athletes demonstrated trivial-to-large associations between anthropometric, physical fitness, and sport-specific performance measures (8, 10, 11, 24). In line with the literature, small-to-large measures of μtrimmed in young male kayakers/canoeists were reported in the current study. Moreover, supporting our hypothesis, the main findings showed that the association between anthropometric, physical fitness, and sport-specific performance measures in young canoe sprint athletes is modulated by the factors, age and sex. More specifically, mean correlation coefficients were significantly lower in male cadets (i.e., U15/U16) versus student (i.e., U13/U14) canoe sprint athletes with small-to-medium correlations in cadets vs. medium-to-large correlations in students. Functionally, these results indicate that the transfer from one anthropometric, physical fitness, and sport-specific performance measure to another was significantly lower in male cadets vs. student canoe sprint athletes. In other words, the anthropometric, physical fitness, and sport-specific tests tend to be more independent of each other in young male canoe sprint athletes with increasing age. This is partly in line with findings in children and adolescents aged 4–16 years where correlation coefficients between physical fitness and general motor performance, a surrogate measure of motor competence, decreased with increasing ages (17). Authors suggested that the technical demand to execute physical fitness tasks such as running (i.e., reduced Cooper test) or jumping (i.e., standing broad jump) may be lower in older children/adolescents due to the increasing proficiency in performance. Similar results were reported in a systematic review and meta-analysis examining the effects of age on the associations between variables of balance and lower-extremity muscle strength/power in healthy individuals (25). Specifically, the authors revealed small associations between balance and measures of muscle strength/power, irrespective of age. However, correlation coefficients between measures of steady-state balance (i.e., maintaining a steady position while walking) and maximal strength were significantly larger in children compared with young adults (25). It has been shown that motor task automation is lower in children (i.e., early in practice or low levels of movement experience) with a relatively unspecific control of motor tasks when compared with young adults (26). Thus, transfer effects between different motor tasks may be lower in young adults compared with children, when the control of motor tasks becomes more specific (e.g., due to training) (25). In fact, according to long-term training programs, there is a shift in the ratio of multilateral (i.e., unspecific) to sport-specific training content with increasing age in young athletes (27). More precisely, while multilateral-dominant training programs are recommended in the early stages of athlete development (60% multilateral and 40% specific), the proportion of sport-specific training contents should be higher in later stages (up to 20% multilateral and 80% specific) (27). Further, studies also indicated that associations between anthropometric variables and physical fitness/sport-specific performances are modulated by (chronological/biological) age (28, 29). For instance, correlation coefficients between anthropometric measures such as standing or sitting body height and 30 m sprint characteristics (step length/frequency, ground contact time) were significant and medium-to-large in (prepubertal) boys aged 12 years, but non-significant and trivial in (postpubertal) boys aged 15 years (29). Moreover, the body mass index and the medicine ball throw test were significant predictor variables for 7m throwing velocity in a multiple linear regression model in male U17 handball players (28). In U19 and U21 athletes, however, the only predictors of 7 m throwing velocity were 30 m and 10 m sprint performances, respectively (28). It was argued that the effect of maturation was more important for physical fitness/sport-specific performance measures at younger ages (29). Therefore, anthropometric, physical fitness, and sport-specific performance data appear to be more independent in male cadet vs. student canoe sprint athletes in our study due to growth- and/or training-related higher levels in motor performance proficiency in the older athletes. Additionally, the higher maturational status in cadets may have also contributed to the lower mean correlation coefficients (i.e., multicollinearity) in male cadets vs. student canoe sprint athletes. From a practical standpoint, it can be speculated that more specific testing protocols should be integrated into talent identification programs for young male canoe sprint athletes as they get older.



Role of age on inter-item correlations in female kayakers

In contrast to the findings in young male canoe sprint athletes (kayakers and canoeists), multicollinearity was smaller and consistent across ages in young female kayakers. More specifically, no statistically significant differences in mean inter-item correlation coefficients between the different age categories in female athletes were observed. It can be speculated that sex-specific effects on growth/maturation (12, 30) and/or trainability of different fitness measures (13, 14, 31) may have contributed to the different findings in males and females noted in this study. For instance, females usually experience adolescent growth earlier than boys and progress at a faster rate compared with boys (12, 30). Further, gains in maximal strength (i.e., weightlifting performance) from 12–13-year-old to 14–15-year-old athletes amounted to 53% in male but only 14% in female athletes (14). In terms of cardiorespiratory endurance (i.e., 800 m running), sex-specific differences evolved from 4.8% at the age of 11 years to 15.7% at the age of 18 years in favor of males (31). Taking these findings into account, the young female kayakers in our study may have reached higher levels of maturation and/or training-related motor performance proficiency already at earlier chronological ages (i.e., student-athletes) compared with their male counterparts. Consequently, mean correlation coefficients (i.e., multicollinearity) were consistently small-to-medium across all age categories in young female canoe sprint athletes.




Limitations

We have to acknowledge a few limitations of this study. First, we used a cross-sectional study design. This design is the best way to determine prevalence and allows for assessing multiple outcomes (32). Although cross-sectional studies are used to infer causation, they do not allow for cause-and-effect relations to be accurately identified (32). Further, we did not control for training volume that could have affected the development of physical fitness and sport-specific performance in young athletes. In fact, Opstoel et al. (33) showed that young athletes aged 9–11 years with better physical fitness and motor performance spend more hours per week in their sport compared with children with lower fitness and motor performance (33). Furthermore, according to the regulations of the national canoeing federation, chronological age but not maturity status was used as a variable to classify athletes. Of note, maturation is a non-linear process, which is why there is often a discrepancy between chronological age and maturation among young athletes (12, 30). This is a major challenge for talent identification/development programs in youth sports where competitions are mainly regulated by chronological age groups (13). Lastly, assessors were not the same throughout the entire observation period of 27 years, which could have affected the variability of the data. However, standard tests adopted by the national federation for talent identification were used over the years and the assessors were coaches experienced with the measurements, reducing the risk of systematic bias.



Conclusion

This study showed that the inter-item correlation pattern (i.e., multicollinearity) of anthropometric, physical fitness, and sport-specific performance measures is influenced by age and sex in young canoe sprint athletes. We found lower multicollinearity in male cadets vs. student-athletes. Growth- and/or training-related higher levels in motor performance proficiency in older athletes may be responsible for making anthropometric, physical fitness, and sport-specific performance data more independent in male cadets vs. student-athletes. In contrast, young female kayakers may have reached higher levels of maturation and/or training-related motor performance proficiency already at earlier ages (i.e., student-athletes), potentially explaining small-to-medium inter-item correlation coefficients across all age categories. Researchers and practitioners need to consider the effects of age and sex on inter-item correlations when it comes to identifying predictors for sport-specific performance and designing testing batteries for talent identification programs in canoe sprint athletes.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: The datasets generated and/or analyzed during the current study are not publicly available. Upon request, the corresponding author will share the dataset. Requests to access these datasets should be directed to CS, Christian.saal@uni-leipzig.de.



Ethics statement

Ethical approval was not provided for this study on human participants because we retrospectively analyzed preexisting, anonymous data of a national talent identification program for young German canoe sprint athletes. The study complied with the Declaration of Helsinki and approval was granted by the Brandenburg Canoe Federation to analyze and publish the preexisting collected data. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



Author contributions

CS, NH, and OP substantially contributed to conception and design of the study. OP organized the database. CS performed the statistical analysis. CS and OP wrote the first draft of the manuscript. All authors contributed substantially to the interpretation of the data, contributed to manuscript revision, read, and approved the submitted version.



Funding

We acknowledge support from Leipzig University for Open Access Publishing.



Acknowledgments

We would like to thank Lutz Altepost for data preparation.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Baker J, Wilson S, Johnston K, Dehghansai N, Koenigsberg A, de Vegt S, et al. Talent research in sport 1990-2018: a scoping review. Front Psychol. (2020) 11:607710. doi: 10.3389/fpsyg.2020.607710

 2. Lidor R, Côté J, and Hackfort D. ISSP position stand: to test or not to test? the use of physical skill tests in talent detection and in early phases of sport development. Int J Sport Exerc Psychol. (2009) 9:131–46. doi: 10.1080/1612197X.2009.9671896

 3. Vaeyens R, Güllich A, Warr CR, and Philippaerts R. Talent identification and promotion programmes of olympic athletes. J Sports Sci. (2009) 27:1367–80. doi: 10.1080/02640410903110974

 4. Williams AM, and Reilly T. Talent identification and development in soccer. J Sports Sci. (2000) 18:657–67. doi: 10.1080/02640410050120041

 5. Teunissen J, Ter Welle SS, Platvoet SS, Faber I, Pion J, and Lenoir M. Similarities and differences between sports subserving systematic talent transfer and development: the case of paddle sports. J Sci Med Sport. (2021) 24 200–5. doi: 10.1016/j.jsams.2020.09.005

 6. Syahid NY, Amung M, Agus R, Ade Gafar A, and Lutfi N. The talent identification of kayak athletes: a research-based on analytic hierarchy process. Int J Hum Mov Sports Sci. (2020) 8:395–402. doi: 10.13189/saj.2020.080611 

 7. Fry RW, and Morton AR. Physiological and kinanthropometric attributes of elite flatwater kayakists. Med Sci Sports Exerc. (1991) 3:1297–301. doi: 10.1249/00005768-199111000-00016

 8. van Someren KA, and Palmer GS. Prediction of 200-m sprint kayaking performance. Can J Appl Physiol. (2003) 28:505–17. doi: 10.1139/h03-039

 9. van Someren KA, and Howatson G. Prediction of flatwater kayaking performance. Int J Sports Physiol Perform. (2008) 3:207–18. doi: 10.1123/ijspp.3.2.207

 10. Gäbler M, Prieske O, Elferink-Gemser MT, Hortobágyi T, Warnke T, and Granacher U. Measures of physical fitness improve prediction of kayak and canoe sprint performance in young kayakers and canoeists. J Strength Cond Res. (2021). doi: 10.1519/JSC.0000000000004055. [Epubh ahead of print].

 11. López-Plaza D, Alacid F, Muyor JM, and López-Miñarro PÁ. Sprint kayaking and canoeing performance prediction based on the relationship between maturity status, anthropometry and physical fitness in young elite paddlers. J. Sports Sci. (2017) 35:1083–90. doi: 10.1080/02640414.2016.1210817

 12. Armstrong N, and McManus AM. Physiology of elite young male athletes. Med Sport Sci. (2011) 56:1–22. doi: 10.1159/000320618

 13. Lesinski M, Schmelcher A, Herz M, Puta C, Gabriel H, Arampatzis A, et al. Maturation-, age-, and sex-specific anthropometric and physical fitness percentiles of German elite young athletes. PLoS ONE. (2020) 15:e0237423. doi: 10.1371/journal.pone.0237423

 14. Mizuguchi S, Cunanan AJ, Suarez DG, Cedar WE, South MA, Gahreman D, et al. Performance comparisons of youth weightlifters as a function of age group and sex. J Funct Morphol Kinesiol. (2021) 6:57. doi: 10.3390/jfmk6030057

 15. Yanci J, Los Arcos A, Castillo D, and Cámara J. Sprinting, change of direction ability and horizontal jump performance in youth runners according to gender. J Hum Kinet. (2017) 60:199–207. doi: 10.1515/hukin-2017-0103

 16. Lloyd RS, and Oliver JL. The youth physical development model: a new approach to long-term athletic development. Strength Cond J. (2012) 34:61–72. doi: 10.1519/SSC.0b013e31825760ea

 17. Haga M, Gísladóttír T, and Sigmundsson H. The relationship between motor competence and physical fitness is weaker in the 15-16 Yr. Adolescent age group than in younger age groups (4-5 Yr. and 11-12 Yr.). Percept Mot Skills. (2015) 121:900–12. doi: 10.2466/10.PMS.121c24x2

 18. Brown T, and Lalor A. The movement assessment battery for children—second edition (MABC-2): a review and critique. Phys Occup Ther Pediatr. (2009) 29:86–103. doi: 10.1080/01942630802574908

 19. Makaruk H, Porter JM, and Makaruk B. Acute effects of attentional focus on shot put performance in elite athletes. Kinesiology. (2013) 45:55–62. 

 20. Mair P, and Wilcox RR. Robust statistical methods in R using the WRS2 package. Behav Res Methods. (2020) 52:464–88. doi: 10.3758/s13428-019-01246-w

 21. Epskamp S, Cramer AO, Waldorp LJ, Schmittmann VD, and Borsboom D. qgraph: network visualizations of relationships in psychometric data. J Stat Softw. (2012) 48:1–18. doi: 10.18637/jss.v048.i04 

 22. Garnier S, Ross N, Rudis R, Camargo AP, Sciaini M, and Scherer C. Rvision - colorblind-friendly color maps for R. R package version 0.6.2. (2021). 

 23. Patil I. Visualizations with statistical details: the ‘ggstatsplot' approach. J Open Source Softw. (2021) 6:3167. doi: 10.21105/joss.03167 

 24. Hamano S, Ochi E, Tsuchiya Y, Muramatsu E, Suzukawa K, and Igawa S. Relationship between performance test and body composition/physical strength characteristic in sprint canoe and kayak paddlers. Open Access J. Sports Med. (2015) 6:191–9. doi: 10.2147/OAJSM.S82295

 25. Muehlbauer T, Gollhofer A, and Granacher U. Associations between measures of balance and lower-extremity muscle strength/power in healthy individuals across the lifespan: a systematic review and meta-analysis. Sports Med. (2015) 45:1671–92. doi: 10.1007/s40279-015-0390-z

 26. Kovacs AJ, Mühlbauer T, and Shea CH. The coding and effector transfer of movement sequences. J Exp Psychol Hum Percept Perform. (2009) 35:390–407. doi: 10.1037/a0012733

 27. Bompa TO, and Carrera M. Conditioning Young Athletes. Champaign, IL: Human kinetics (2015). 

 28. Saavedra JM, Kristjánsdóttir H, Einarsson IÞ*, Guð*mundsdóttir ML, Þ*orgeirsson S, and Stefansson A. Anthropometric characteristics, physical fitness, and throwing velocity in elite women's handball teams. J Strength Cond Res. (2018) 32:2294–301. doi: 10.1519/JSC.0000000000002412

 29. Meyers RW, Oliver JL, Hughes MG, Lloyd RS, and Cronin JB. Influence of age, maturity, and body size on the spatiotemporal determinants of maximal sprint speed in boys. J Strength Cond Res. (2017) 31:1009–1016. doi: 10.1519/JSC.0000000000001310

 30. McManus AM, and Armstrong N. Physiology of elite young female athletes. Med Sport Sci. (2011) 56:23–46. doi: 10.1159/000320626

 31. Tønnessen E, Svendsen IS, Olsen IC, Guttormsen A, and Haugen T. Performance development in adolescent track and field athletes according to age, sex and sport discipline. PLoS ONE. (2015) 10:e0129014. doi: 10.1371/journal.pone.0129014

 32. Mann CJ. Observational research methods. Research design II: cohort, cross sectional, and case-control studies. Emerg Med J. (2003) 20:54–60. doi: 10.1136/emj.20.1.54

 33. Opstoel K, Pion J, Elferink-Gemser M, Hartman E, Willemse B, Philippaerts R, et al. Anthropometric characteristics, physical fitness and motor coordination of 9 to 11 year old children participating in a wide range of sports. PLoS ONE. (2015) 10:e0126282. doi: 10.1371/journal.pone.0126282





OPS/images/fspor-04-1038350-g005.gif
‘Distribution of correlation coefficients across age groups.
Prrs (.67 62,9 109005, £-036, . 0240493 - 10

A
|





OPS/images/fspor-04-1038350-g006.gif
T C——

SOSSTRSSOI S ERITENION EOMISIE INESNE N0 Sroups
Fureeteas(8.5745) 118,038,014, G 008031 ey 180

il

oo ol ol
Agoin Years
Pl et e s oot Chmpranarsonls et





OPS/images/fspor-04-1038350-g003.gif
Canoe male

e

=
ZZNIN






OPS/images/fspor-04-1038350-g004.gif
Distribution of correlation coefficients across age groups
Frammos msw(3, 57.36) = .30, p = 4.180-05,§ = 038, Cly [0.27, 051} N = 180
100- ]
P——

o
i S
: v
o @) |-
4
L4
: S
£ G
o f
U
P | ‘ ;
N N e o





OPS/images/fspor-04-1038350-t003.jpg
Outcomes

Anthropometry
Standing body height [cm]
Body mass [kg]
Kneeling body height [cm]
Arm span width [em]
Physical fitness
Underhand ball throw test [pts]
Bench press/pull [pts]
800-m run [pts]
30-m sprint [pts]
Sport-specific performance
250-m time trial [pts]
2,000-m time trial [pts)

Data repre

t mean  standard deviation.

13

1645477
524485

1220459
164.8£9.0

545+133

755195

737236
527458

625196
74.9£240

U14

1712476
50889
1273462
1726 £92

68.8 14.1
1009 £256
919219
574£57

7934153
96.5% 187

U1s

1768462
673%9.1

1318445
1794£82

8264129
1289+ 304
10354243
61642

88.84 128
1100£162

Ule

1798 £62
702488
1342442
1826 £75

90.1 % 18.1
150.4 £ 33.1
112.8 £ 200
634£45

963+ 119
117.8 £ 146





OPS/images/fspor-04-1038350-t001.jpg
Outcomes

Anthropometry
Standing body height [cm]
Body mass [kg]
Sitting body height [cm]
Arm span width [em]
Physical fitness
Underhand ball throw test [pts]
Bench press/pull [pts]
800-m run [pts]
30-m sprint [pts]
Sport-specific performance
250-m time trial [pts]
2,000-m time trial [pts]

Data represent mean = standard deviati

u13

164.7 £ 64
55679
846435
164.4£7.3

5394114
749 18.1
6594204
516%5.1

720+ 129
859146

U14

168.0 = 6.0
597 £83
86436
168272

6024108
895 18.1
70.0£19.8
535473

7964104
9554124

U1s

169.0 6.1
60.7£7.3
875435
169.5+7.3

62498
96.1%19.1
7184206

541441

849£94
102.1 £ 139

Ule

170346
635£67
886433
170.0+7.3

642116
107.0 £ 18.1
7354213
544443

88381
1058 £97





OPS/images/fspor-04-1038350-t002.jpg
Outcomes

Anthropometry
Standing body height [cm]
Body mass kg)

g body height [cm]
Arm span width [em]
Physical fitness
Underhand ball throw test [pts]
Bench press/pull [pts]
800-m run [pts]
30-m sprint [pts]
Sport-specific performance
250-m time trial [pts]
2,000-m time trial [pts)

Data repre

t mean  standard deviation.

13

167.6£7.6
563485
837450
168.5+8.3

608145

90.8+245

77.0£245
538472

813+127
96.1£168

U14

1745468
636484
87.7£49
1762£7.7

770+ 154

1227 £286
9394236
593465

933 £ 115
1091 £165

U1s

1788£64
69.7 8.9
9137
1807 £66

889+ 137
1461 £342
102.1 234
62742

1001 £9.4
117.7 £ 145

Ule

1803 £69
732473
925433
1836 £67

960 147
166.0 £ 322
11334181
648£39

1053 £84
1224£125





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Network analysis of associations between anthropometry, physical fitness, and sport-specific performance in young canoe sprint athletes: The role of age and sex



		Introduction



		Materials and methods



		Experimental procedure and participants



		Assessment of anthropometry



		Assessment of physical fitness



		Muscle power



		Muscular endurance



		Cardiorespiratory endurance



		Linear speed









		Assessment of sport-specific performance



		Statistical analyses







		Result



		Discussion



		Role of age on inter-item correlations in male kayakers/canoeists



		Role of age on inter-item correlations in female kayakers







		Limitations



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
, frontiers | Frontiers in Sports and Active Living

Network analysis of associations
between anthropometry,
physical fitness, and
sport-specific performance in
young canoe sprint athletes: The
role of age and sex





OPS/images/fspor-04-1038350-g001.gif
Kayak female






OPS/images/fspor-04-1038350-g002.gif
Kayak male










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
' frontiers | Frontiers in Sports and Active Living





