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Objectives: There is limited information on the performance progression of athletics endurance athletes from 
junior-to-senior status and the determinants of success in adulthood. This study aimed to quantify the youth-
to-senior transition rate, the likelihood of success and the relationship between youth and senior performance 
amongst world-class athletes competing in middle- and long-distance disciplines. 
Design: Retrospective design examining public data between 2000 and 2019. 
Methods: The performances of 4678 international athletes (45.3 % female) were analysed. World's all-time top 
50 athletes were identified for U18 and Senior categories (age ≥ 20 years). Youth-to-senior transition rate and 
transition probabilities were calculated. Correlations between best U18 and Senior performances were deter-
mined to assess the stability of the performance. 
Results: The youth-to-senior transition rate for top U18 athletes was low for males and females (~19 % and 21 %). 
Nevertheless, the probability of transition to a top senior was ~7 times higher for top U18 athletes than for non-
top U18 athletes. The correlations between youth and senior best performances were low-to-high. 
Conclusions: Few top U18 athletes maintained top world ranking status during their senior careers. Still, they are 
more likely to become top senior athletes than those who did not perform at the top level in U18. The association 
between youth and senior performance is stronger when comparing the same discipline or when athletes com-
peted over longer distances in their senior compared to U18 career. Being a successful youth athlete may repre-
sent a small advantage for future success, however, it does not guarantee advancement to the senior top level. 
© 2024 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article 

under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 
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• The present findings, in relation to middle- and long-distance athlet-
ics, argue against talent identification/selection strategies based solely 
on youth performance. Whilst excellence in youth disciplines may be 
indicative of potential, it is not a definitive guarantee of future success 
in senior competition. 

• The variability in performance development during late adolescence 
and early adulthood calls for caution in talent selection: coaches, 
sporting institutions and governing bodies should consider additional 
ival, M. Cardinale, et al., Perfo
, Journal of Science and Medi

ardinale (M. Cardinale) 

d on behalf of Sports Medicine Austr
factors beyond youth performance to identify and develop the most 
promising athletes. 

• Our analyses suggest the need for a more comprehensive and articu-
lated approach to talent identification and development strategies, 
emphasising the importance of a long-term vision. 

1. Introduction 

The performance progressions from youth to adult age, usually studied 
in sports where performance is measured in centimetres, grams, or sec-
onds (CGS, e.g., Track & Field and Swimming), provide realistic long-
term performance goals for athletes, policymakers, sporting organisations, 
and coaches. The road towards senior success is influenced by different in-
trinsic and extrinsic factors that inevitably impact talent identification and 
development.1–4 Track & Field is no exception, with many (inter-) national
rmance pathways in elite middle- and long-distance track and field
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studies evidencing that performance progression from youth to adult age 
could be an appropriate approach to understand better the real potential 
of individual athletes.5–8 For example, observational studies showed that 
successful U18 athletes that did not reach the top level during their senior 
career had career-best performances at earlier ages and presented a 
plateau in performance at about 20 years of age.5,9–11 On the contrary, 
successful senior athletes showed a more consistent and durable im-
provement in performances from young ages up to 26–27 years of age. 

The youth-to-senior transition rate has been used in some studies to 
define the percentage of elite youth athletes who became elite senior 
athletes.5,8,10,11 With this approach, successful youth-to-senior transi-
tion rates have been reported analysing world performances in various 
events. In the studies of Boccia et al.,5,10,11 the youth-to-senior transition 
rate (i.e., from U18 to Senior carrier) amongst elite world-class athletes 
was, on average, ~12 % for male and ~20 % for female athletes compet-
ing in sprint, jump and throw events. These findings highlighted that at 
least two-thirds of elite senior athletes were sub-elite athletes during 
youth competitions. On the other hand, the studies highlighted that 
the youth-to-senior transition is a demanding and challenging phase 
towards the elite level.12 The studies also implicated that talent identifi-
cation and selection at young ages can be biased and do not guarantee 
the ability to identify future senior performers in athletics. Nevertheless, 
a recent study on swimmers13 underlined that performance corridors 
for youth (i.e., minimal and maximal performance benchmarks) may 
help to predict success chances at peak performance age. These corri-
dors can enhance the talent identification process and permit coaches 
or/and federations to effectively identify and nurture potential talent 
and guide youth swimmers along their talent pathway. 

Most Track & Field research focussed on studying career paths and 
youth-to-senior transition rates in sprint, jump and throw events rather 
than middle- and long-distance ones. Research in the elite middle- and 
long-distance runners (i.e., athletes competing in Olympic and World 
Athletics Championships) showed that, on average, men reached peak 
performance before (~25 years of age) women (~27 years of age),14 

despite having a similar peak performance window (~5 years). As per 
other Track & Field disciplines, individual performance progression 
might be a better predictor of athlete's success at later stages of their 
careers.15 For example, the top 10 world-ranked athletes improved 
more than the top 11–100 athletes, both for middle (i.e. 1.0 %) and long 
distances (i.e. 1.7 %), and had larger improvements for women than for 
men (i.e. 0.4 and 1.2 % for middle and long distances respectively).16 Nev-
ertheless, even if reaching high level performances in late teens may be 
important to succeed at the senior level,16,17 this is not the only condition 
to reach success on the world stage. In fact, youth-to-senior transitions in 
terms of performances remain challenging as identified by a low rate of 
confirmation of success at junior level in adulthood. For example, only 
~6  %  of  finalists in youth championships later won medals at senior cham-
pionships, and 42.7 % stopped producing high-level performances as indi-
cated by their presence in World rankings.18 However, when analysing 
the transition rate data, it should be noted that it is possible for an 
athlete's ranking to drop whilst their performance is increasing (if the 
other athletes are increasing their performance at a faster rate). Currently, 
there is a paucity of data and comprehensive analysis of performance 
progression and transition rates in endurance events in Track & Field. In 
particular, for the endurance disciplines between 800 and 10,000 m. Con-
sidering the lack of analyses and limited reports, focussing on male and 
female runners competing in the middle- (i.e., 800 and 1500 m) and 
long-distance events (3000 m, 5000 m and 10,000 m), we aimed to quan-
tify 1) the youth-to-senior top-level transition rate, 2) the likelihood of 
transitioning to senior top-level for top-level and non-top-level youth 
athletes, and 3) the relationship between youth and senior performances. 

2. Methods 

Selected events included the 800 m, 1500 m, and 3000 m for the young 
category and 800 m, 1500 m, 5000 m and 10,000 m for the senior category. 
2

These disciplines were chosen because they are the official competitions 
for U18 and senior categories for World Athletics. Data on male and female 
athletes included in the Top 100 World Athletics rank from 2000 to 2019 
or competing in the World U18 or U20 Championships from 1985 to 
2000 were considered. The seasonal best performances encompassing 
the entire career progression of each athlete were considered for the anal-
ysis. All performances considered were achieved in official competitions 
provided by World Athletics. To avoid bias in youth-to-senior transition 
rates, young athletes who registered their best personal performance in 
the last three years of the calendar age and did not reach the senior level 
again were excluded.6 The study was conducted according to the Ethics 
Committee of the University of Torino (protocol number: 0635113). 

2.1. Statistical analysis 

Due to athletes in the dataset competing in different decades, 
all performances were adjusted for year- and event-specific world records. 
Specifically, let p_ a, e, y be the seasonal best performance of athlete a, in  
event e, and  year  y; let also  r_ e, y be the record of event e during year y. 
We obtained an adjusted seasonal best performance by considering the 
following scaling transformation pstar_ a, e, y p_ a, e, y r_ e, y . To  
investigate the youth-to-senior transition rate for top-level athletes, we 
calculated how many top U18 athletes (i.e., all-time top 50 ranked athletes 
at 17 years or18 years) of the 800 m, 1500 m, and 3000 m events were top 
senior athletes in the 800 m, 1500 m, 5000 m and 10,000 m. We arbitrarily 
selected the threshold of the top 50 athletes according to our previous 
studies.5,8,10,11 Due to the small number of athletes able to be ranked in 
the top 50 in two or more events at the same time, we have not taken 
this possibility into account when calculating the transition rates between 
youth and adult rankings. 

In order to understand the mechanisms that lead to excellence in the 
senior career, we decided to investigate the probabilistic mechanisms 
that explain the observed variability in the senior class. Therefore, we 
classified the athletes into the following non-exclusive categories to 
describe athletes belonging to the youth category: 

CU − NT Not Top 50 as U18 
CU − 800 Top 50 in 800 m as U18 

CU − 1500 Top 50 in 1500 m as U18 

CU − 3000 Top 50 in 3000 m as U18 

and this classification describe belonging in senior categories: 

CS − NT Not Top 50 as Senior 

CS − 800 Top 50 in 800 m as Senior 

CS − 1500 Top  50 in  1500 m  as  Senior  

CS − 5000 Top  50 in  5000 m  as  Senior  

CS − 10000 Top 50 in 10, 000 m as Senior 

Due to the low number of athletes able to compete as top performers 
in more than one race, the classes derived as a combination of single 
races were not considered. 

Youth to senior transition rates were then computed according to 
the following conditional (transition) probabilities considering events 
separately: 

p u  s Pr Athlete ∈ CS − s∥Athlete ∈ CU − u 
NCs ,Cu 

NCu 

for any u ∈ U − NT , U − 800, U − 1500, U − 3000 and 
s ∈ S − NT , S − 800, S − 1500, S − 5000, S − 10000 and where 
NCu and NCu ,Cs denote the number of athletes belonging to each class
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Fig. 1. Overall visual inspection of the youth-to-senior transition rate from young events (i.e., 
800 m, 1500 m, and 3000 m) to senior events (i.e., 800 m, 1500 m, 5000 m and 10,000 m). 
The Sankey diagram  provides  the number of top  U18  male (a)  and female (b)  athletes  who  
maintain top status at the senior level. The figure also provides the number of athletes who 
drop to the top-level status and those who reach the top status only in senior competitions. 
N.B. For some senior events, the sum of top 50 athletes is higher than 50 because it is possible 
that some top U18 athletes could reach top-level status in more than one senior event.
Cu or to both Cu and Cs, respectively. Here, u represents the starting 
class, s the arrival class. 

This transition probability from the starting class u to the arrival 
class s quantifies the youth-to-senior rate of athletes that were ranked 
a top 50 athletes in one youth category (or at least one), and were 
also top 50 performers in one (or at least one) of the senior races consid-
ered. The transition rates were calculated using a binomial proportion 
confidence interval [90 % CI].19 

To shed light on probabilistic mechanisms that lead to the observed 
variability in Senior classes and understand if U18 top50 athletes in dif-
ferent races were advantaged in transitioning to top 50 Senior classes, 
we computed the following odds ratios (ORs) 

OR p u s , p CU − NT s 
p u  s 

1 − p u  s 
p CU − NT s 

1 − p CU − NT s 

, 

that allows to quantify the increase (or decrease) of the 
odds in the probability of transiting from starting class 
u ∈ U − NT , U − 800, U − 1500, U − 3000 to arrival class 
s ∈ S − NT , S − 800, S − 1500, S − 5000, S − 10000 concerning 
the reference transition probability from class U − NT to class 
s ∈ S − NT , S − 800, S − 1500, S − 5000, S − 10000 . A  value of the  
OR > 1 indicates an advantage (higher chance) for class u of transiting to 
class s with respect to non-top athletes. On the contrary, the OR < 1 indi-
cates adisadvantage. Confidence interval for youth-to-senior transition rate 
and the OR [90 % CI] were computed using non-parametric bootstrap.19 

Finally, considering the whole sample, Pearson's product–moment 
correlation coefficients (r) between best U18 and senior performances 
were determined to assess the relationship of the best performance 
recorded during youth and senior careers. Effect size magnitudes were 
determined by r and interpreted as follows: <0.1 trivial, 0.1 ≥ r < 0.3 
small, 0.3 ≥ r < 0.5 medium, 0.5 ≥ r < 0.7 large,  0.7  ≥ r < 0.9 very 
large, 0.7 ≥ r < 0.9 very large, and r = 1 perfect effect size.20 

The significance level was set at p < 0.05. All data were analysed 
with custom-written software in R-Studio. The Sankey diagrams to 
represent transition rates were prepared by an online tool (https:// 
sankeymatic.com/build/). 

3. Results 

The following number of athletes across both junior and senior 
categories was identified based on their seasonal performances in the 
events of interest: 2810 athletes competing in 800 m (47.3 % females), 
3524 in 1500 m (47.2 % females), 2710 in 3000 m (46.7 % females), 
2751 in 5000 m (45.1 % females) and 1961 in 10,000 m (45.1 % females). 

3.1. Transition rate from youth to senior top-level 

Table 1 shows the youth-to-senior transition rate of male and female 
athletes. Overall, the top 50 athletes from a U18 race that confirmed 
themselves at the top-level in Senior categories were 18.9 % [90 % CI: 
Table 1 
Percentage of youth-to-senior transition rate [90 % CI] for male and female athletes. 

Under 18 Senior male athletes

Not Top 
% 
[90 % CI] 

800 m 
% 
[90 % CI] 

1500 m 
% 
[90 % CI] 

5000 m 
% 
[90 % CI] 

10,000 m
% 
[90 % CI

Not Top 94.3 
[93.3, 95.2] 

1.7 
[1.2, 2.2] 

1.8 
[1.3, 2.3] 

1.7 
[1.2, 2.2] 

1.9 
[1.4, 2.5

800 m 82.0 
[70.5, 92.1] 

16.0 
[6.5, 26.9] 

2.0 
[0.0, 6.7] 

0.0 
[0.0, 0.0] 

0.0 
[0.0, 0.0

1500 m 80.4 
[68.6, 90.7] 

2.0 
[0, 6.5] 

13.7 
[5.0, 24.0] 

7.8 
[1.8, 15.9] 

0.0 
[0.0, 0.0

3000 m 82.0 
[70.5, 91.9] 

0.0 
[0.0, 0.0] 

2.0 
[0.0, 6.8] 

14.0 
[5.0, 24.4] 

8.0 
[1.8, 16.

Note: All the data refer to the all-time top 50 ranked athletes.

3

12.4, 25.9] for males and 21.3 % [90 % CI: 14.1, 28.7] for females. Never-
theless, transition rates varied slightly across distances. Briefly, the tran-
sition rates for 800 m and 1500 m (i.e. the two disciplines that remain
Senior female athletes 

 

] 

Not top 
% 
[90 % CI] 

800 m 
% 
[90 % CI] 

1500 m 
% 
[90 % CI] 

5000 m 
% 
[90 % CI] 

10,000 m 
% 
[90 % CI] 

] 
93.4 
[92.3, 94.5] 

2.3 
[1.6, 2.9] 

2.1 
[1.5, 2.7] 

1.8 
[1.3, 2.4] 

2.1 
[1.5, 2.8] 

] 
80.0 
[68.0, 90.7] 

12.0 
[3.8, 21.8] 

8.0 
[1.8, 16.3] 

0.0 
[0.0, 0.0] 

0.0 
[0.0, 0.0] 

] 
80.0 
[68.1, 90.5] 

0.0 
[0.0, 0.0] 

14.0 
[5.0, 24.1] 

10.0 
[2.2, 18.9] 

6.0 
[0.0, 13.6] 

7] 
76.0 
[63.6, 87.3] 

0.0 
[0.0, 0.0] 

4.0 
[0.0, 10] 

22.0 
[10.8, 34.2] 

14.0 
[5.0, 24.4] 

https://sankeymatic.com/build/
https://sankeymatic.com/build/
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constant at U18 and senior level) were 16.0 % and 13.7 % for males and 
12 % and 14 % for females, respectively. The transition rate from U18 
3000 m to 5000 m was 14.0 %, to 10,000 m was 8.0 % for men and 
22.0 % to 5000 m and 14.0 % to 10,000 m for women. The transition 
rate was higher when comparing the same discipline in youth and 
senior career or when athletes competed over longer distances in 
their senior compared to U18 career, e.g. considering the transition 
from 1500 m to 5000 m or from 3000 m to 5000 m and 10,000 m (See 
Table 1 for details).

Fig. 1 offers an overall visual inspection of raw data about the overall 
youth-to-senior transition rate (i.e., from U18 to senior) for athletes 
competing in 800 m, 1500 m and 3000 m during youth career for 
male (Fig. 1-a) and female athletes (Fig. 1-b).

3.2. Odds ratio between transition probabilities to success between top and 
non-top young performers 

For male and female athletes, Fig. 2 shows the probability of success 
or failure to reach the top-level status during their senior career (i.e., OR 
and 90 % confidence intervals) for U18 Top and Not top athletes in the 
different events. 

In males, the odds of being a top senior athlete in the 800 m and 
1500 m were 10.9 and 8.6 times higher for athletes that were top in 
U18 category in the same event, respectively. The odds of being a top se-
nior athlete in 5000 m and 10,000 m were 9.4 and 4.3 times higher for 
athletes that were top in U18 category in 3000 m, respectively. Further-
more, the odds of being a top senior athlete in the 3000 m were 4.8 
times higher for athletes that were top in U18 in 1500 m. Conversely, 
for top U18 800 m, 1500 m and 3000 m athletes, there were no discern-
ible improvements in success likelihood when transitioning to 1500 m, 
5000 m, and 10,000 m, 800 m and 10,000 m, and 800 m and 1500 m 
events, respectively. 

In females, the odds of being a top senior athlete in the 800 m and 
1500 m were 5.8 and 7.6 times higher for athletes that were top in 
U18 category in the same event, respectively. Furthermore, the odds 
of being a top senior athlete in 5000 m and 10,000 m were 15.3 and 
Fig. 2. Probability of success or unsuccess to reach the top-level status during senior career (i.e.
presented separately for male (a) and female (b) athletes. 
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4.3 times higher for athletes that were top in U18 category in 3000 m, 
respectively. The odds of being a top senior athlete in 5000 m and 
10,000 m were 5.8 and 2.9 times higher for athletes that were top in 
U18 category in 3000 m, respectively.  Conversely, no significant in-
crease in success likelihood was observed for top U18 800 m athletes 
for transitioning to 5000 m, and 10,000 m, for top U18 1500 m athletes 
for transitioning to 800 m and for top U18 3000 m athletes for 
transitioning to 800 m and 1500 m. 

3.3. Correlation of youth and senior best performances 

As expected, there is a general improvement in relative performance 
related to the transition to the senior category. Male athletes exhibited 
correlations ranging from low to high, whilst female athletes showed 
trivial to large effect sizes (ranging from 0.17 to 0.64 for males and 
0.05 to 0.55 for females). U18 800 m and 1500 m performances gener-
ally showed moderate effect size with the same events in senior careers. 
The statistical analysis revealed decreased correlation coefficients as the 
competition distances increased. Notably, U18 performances in the 
3000 m event exhibited a moderate to larger effect size when compared 
to the 5000 m and 10,000 m events (ranging from 0.475 to 0.557) and a 
trivial to low effect with the 800 m and 1500 m events. 

For a visual inspection of Pearson's product–moment correlation co-
efficients between best U18 and senior performances for males and fe-
males, considering the three youth events (i.e., 800 m, 1500 m and 
3000 m) and all the middle- and long-distance events in the senior cat-
egory (i.e., 800 m, 1500 m, 5000 m and 10,000 m) (please refer to the 
supplementary material). 

4. Discussion 

This study aimed to quantify the youth-to-senior transition rate, the 
likelihood of success for top and no-top U18 athletes, and the relation-
ship between youth and senior performance amongst elite athletes 
competing in middle and long distances. For this purpose, we identified 
top-level athletes (operationally defined as the world's all-time top 50
, OR and 95 % confidence intervals) for Top U18 athletes in the different events. Results are 
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athletes) in U18 and Senior categories (i.e., ≥20 years old) and investi-
gated transition rate and odds of success from youth-to-senior top-
level according to event and gender. The main findings of the study 
were that (a) the youth-to-senior transition rate was relatively low 
both for males and for females (i.e., ~19 % and 21 %) and modulated 
by the specific event; (b) the probability of being a top athlete at senior 
level was higher in top U18 compared no-top U18 counterparts; and 
(c) the correlations between youth and senior best performances 
were low-to-high depending on sex and considered distances. 

Overall, the results of this study demonstrated that only ~19–21 % 
of the top 50 U18 athletes maintained the top-level during their senior 
career. Our results underlined a transition rate approximately three 
times greater than in the study of Pizzuto et al.,18 who reported that 
only ~6 % of finalists in junior championships won later medals at senior 
championships. Nevertheless, it is necessary to consider that our transi-
tion rates are based on all-time top rankings and not only on the perfor-
mance in the youth championships. Comparing our results to earlier 
studies on world-class sprinters, jumpers, and throwers, which indi-
cated an average transition rate of approximately 12 % for males and 
20 % for females,5,10,11 our findings suggest the possibility of a higher 
transition rate favouring middle- and long-distance runners. Middle-
and long-distance events exhibit distinctive metabolic pathway interac-
tions than sprinters, jumpers, and throwers.17,21 Unlike most other Track 
& Field events, the performance in middle- and long-distance races 
hinges on factors such as maximal oxygen consumption (VO2max), 
fractional VO2max utilisation, and exercise efficiency/economy.16 For 
this reason, it is feasible to speculate that, the lowest transition rate 
observed in sprinters/jumpers/throwers may be explained by the fact 
that neuromuscular power is more strongly affected by growth and 
maturation than endurance capacity.22,23 Overall, the relatively low 
youth-to-senior transition rate (and the consequent high attrition 
rate) underlines how this phase is particularly critical and challenging 
for elite athletes.12,24 Different factors can affect this delicate transition, 
such as early maturation25 and specialisation,26 relative age effect,1 

injuries,27 school life transition (e.g., from high school to university),24 

and the management of the dual career (e.g., sports and school).28 

Again, psychological (i.e., determination, confidence, motivation) and 
social factors (i.e., supporting network) are all crucial for long-term 
athlete success.29 

Despite the low transition rate of top U18 athletes, these athletes are 
more likely to transition successfully (on average 7.5 times more likely; 
see Fig. 2) than non-top U18 athletes. This trend is particularly evident 
when looking at events similar to those in which they excelled in their 
youth (e.g. from 800 m to 800 m or 1500 m to 1500 m). Furthermore, 
successful U18 athletes in the 3000 m event had a significantly higher 
chance of success (with odds ratios ranging from 4.3 to 9.4 for males 
and 7.4 to 15.3 for females) when transitioning to the 5000 m and 
1000 m events. This finding confirms the speculation of Gozi et al.30 

that suggested middle-distance runners to have a greater propensity 
to convert to another athletic event, reporting that an increase of age 
of peak performance in parallel with an increase in competition dis-
tance. In contrast, the data suggest an exception in the transition from 
long to middle distance events (e.g., from 3000 m to 800 m) and from 
short to very long-distance events (e.g. from 800 m to 5000 m or from 
800 m to 10,000 m). It can therefore be assumed that the changes in 
success transition from one event to another are easier when the transi-
tion is within the same or a longer distance. The loss of type II muscle 
fibres or the decrease in type II fibre contractile functions31 might 
explain why it is challenging to move towards shorter disciplines, 
requiring higher muscle power, at increased age. Interestingly, when 
comparing the 800 m and 1500 m events, the odds ratio suggests that 
1500 m athletes (both male and female) have a greater chance of main-
taining elite status at a higher running distance, highlighting their 
versatility.21 In contrast, the top U18 800 m runners seem to be special-
ists who only excel at the 800 m. In particular, it is also possible that 
the absence of these transitions is due to the choice of threshold for 
5

selecting top athletes (i.e., top 50). However, it should be noted that 
whilst these promising young athletes are more likely to transition, 
the percentage of individuals who maintain their strength into adult-
hood is only a small fraction of those who excel in the senior categories 
(see Fig. 1). These non-intuitive results may suggest that although youth 
excellence appears to be a factor in identifying top senior athletes, con-
sidering youth performance alone as a relevant predictor generally 
leads to extremely poor predictions. In fact, excelling in youth categories 
is not the only determinant of a successful career, as emphasised by nu-
merous studies in different sports.5,6,8,10,11 In addition, significantly 
more athletes are not classified as top U18 performers than those de-
fined as top performers (i.e. only the top 50 in each youth event). This 
may have caused an artefact in the calculation of the odds ratio. 

In line with the above findings, the correlation analysis revealed a 
high to low correlation between young and senior top performers, high-
lighting the limited stability of performance from youth to adulthood 
and the limitations of predicting senior top performers using only per-
formance at youth level. Nevertheless, compared to other Track & 
Field disciplines,10 data suggest a higher correlation between youth 
and adult performance in male and female athletes. Again, this effect 
size was modulated by sex (i.e., high-to-low for males and moderate-
to-low effect size for females) and distance. Whilst the effect size of 
these associations was high to moderate between the same distances 
at 800 m and 1500 m or between 3000 m (youth) and 5000 m and 
10,000 m (senior), the analysis revealed a reduced correlation coeffi-
cient when comparing the youth best performance with a senior best 
performance at a lower distance. Evidently, the results confirm the dif-
ficulty of moving from a higher to a lower distance. Furthermore, it is 
important to highlight that there was a significant proportion of athletes 
without recorded performances at U18 level, resulting in the inability to 
reach a high percentage of retrieved performance trajectories, suggest-
ing that many top performers might enter the sport at later stages with-
out the need for early specialisation. 

The study has some limitations that should be underlined. We 
operationalised and studied the youth-to-senior transition rate using 
the U18 threshold as the cutoff age as well as focussed on Top 50 
athletes. However, it can be suggested that the use of these thresholds 
may have influenced the study's results. Therefore, caution is needed 
when interpreting these findings. Future investigations should consider 
including this age group as well as different rank thresholds to further 
enrich our understanding of age transitions in middle- and long-
distance Track & Field events. Additionally, the proposed approach iden-
tifies athletes who were able to “run faster”, i.e. improving their running 
times rather than the ranking position, an important aspect as this is 
the only true measure of performance improvement. Ranking times 
in fact depend also on performances of other athletes as well as race 
participations/points obtained and other variables. With this approach, 
we increase the external validity of the study, allowing us to make com-
parisons with the existing literature on the subject5,6,10,11 and facilitat-
ing the identification of those athletes who have not yet reached their 
peak performance (and who are excluded from our sample). Middle-
and long-distance running competitions are very tactical races, and 
the performance outcome depends on many aspects. Focussing on run-
ning times might be seen as a limitation of the study as some athletes 
are still able to achieve good placements producing running times 
below their personal bests and/or lack progression on running times. 
However, as performance in CGS sports is mostly assessed as a measur-
able improvement, we believe that this is the correct approach and 
comparisons with other studies should always be reported in terms of 
absolute performance progressions. 

In summary, the data suggest that few successful youth athletes 
retain the ability to perform at the elite level during their senior careers. 
However, despite a relatively low transition rate, successful youth ath-
letes are more likely to become top senior athletes than those who 
only succeed in their senior careers. This suggests that whilst being a 
successful youth athlete may be a prerequisite for future success, it
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does not in itself guarantee progression to the top senior category. These 
findings highlight the complex dynamics of the youth–senior transition 
in athletics and the need for further research into the specific physiolog-
ical and training aspects that influence the success trajectories of youth 
athletes as they progress to the senior level. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jsams.2024.05.007. 
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