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Abstract 

Relative age effects in soccer are typified by an overrepresentation of players born 

earlier in the selection year. Examinations of relative age effects remain limited in 

female players and developing soccer nations. The aim of the present study was 

to examine the influence of sex, age, nation, playing position, and playing status in 

international level soccer players under Confederation of North, Central American 

and Caribbean Association Football (Concacaf). The sample consisted of a total of 

1,959 active soccer players from 24 soccer nations that competed in recent Concacaf 

Championships. Results indicated an evident relative age effect in male [p < 0.05] but 

not female [p = 0.81] players. Male players were over‐represented by players born 

in the first quartile for the U17 [p < 0.01] level, however, this over‐representation did 

not transfer to the U20 or senior levels. No relative age effects were observed at 

any level for female players. A large proportion of nations demonstrated relative age 

effects in male, but not female samples. Relative age effects were shown for players 

participating at age group level, but not those ‘playing-up’. Results from this study 

highlight the continued disparity in relative age effects prevalence between male and 

female players raises further questions regarding the value of selecting relatively 

older players to metrics of success, transition, and selection for senior international 

soccer. This information can be used to advance talent identification and develop-

ment in Concacaf nations.
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Introduction

Soccer continues to be one of the most popular female sports worldwide, with a 
significant increase in professionalisation and significant growth in both interest and 
participation over the last decade. For example, there has been a ~ 25% increase in 
the number of registered players between 2019–2023, rising to 16.6 million women 
and girls playing organised forms of the sport [1]. Equally, between 2016–2022 the 
Fédération Internationale de Football Association (FIFA) invested $2.8 billion across 
member associations and confederations, supporting initiatives to improve infrastruc-
ture, competitions, and stakeholder capacity for female soccer development [2]. This 
increased investment and popularity has provided nations with resources to aid talent 
identification (TID) and development (TDE) processes of youth players to ensure they 
receive appropriate support, coaching, and training across the pathway. As a result, 
nations attempt to identify (TID) female players with the potential to enter high- 
performance development programmes, with the aim of achieving future international 
success [3]. These processes are imperative at international level, as nations can 
typically only identify, develop, and (de)select from a pool of players that are eligible 
to represent the nation (i.e., they or their biological parent/grandparent were born in 
the nation). Indeed, female-specific TID studies remain limited, thus multiple calls 
have been made to further explore this area [4–7].

One of the most studied aspects surrounding TID is associated with the chronolog-
ical age grouping of players for training and competition, which has been consistently 
highlighted in the literature for the past forty years, yet little has been done to attenu-
ate these issues [8]. The use of birthdates as criterion for grouping players can lead 
to significant inter-individual differences in physical, psychological, and social charac-
teristics within a single cohort, providing potential competitive advantages for chrono-
logically older players. These (dis)advantages, known as ‘relative age effects’ (RAEs; 
[9,10]) can be characterised by an overrepresentation of players born closer to a 
‘cut-off’ date compared to players born later in that same year. From a TID perspec-
tive, due to a combination of developmental advantages (advanced growth, older 
training age, impact of social agents), coaches/scouts may (sub)consciously judge 
relatively older players as more ‘talented’ [11,12]. Consequently, relatively younger 
players have demonstrated higher drop-out rates related with limited selection oppor-
tunities [20]. However, these advantages often dissipate or reverse at senior level 
[13–17] suggesting that it disrupts and potentially hinders long-term development and 
success.

Previous studies examining RAEs in male soccer have consistently illustrated an 
asymmetrical birth-date distribution in favour of relatively older players (e.g., [18,19]). 
In contrast, meta-analytical findings suggest an absence of RAEs, or smaller effects, 
in female populations compared to males [11,20]. For example, no RAEs were 
observed in 2,387 female players at U17, U20, and senior ages across the 55 Euro-
pean soccer nations [14]. Similarly, no RAEs were observed in senior female players 
from the top domestic league in Israel [21], or in youth female national team players 
from Switzerland and United States [22,23]. Contrastingly, other studies report small 
to medium effects for RAE prevalence in U17 and U19 international female players 
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in Italy [24], RAEs at all domestic competition levels in Spanish female soccer [25], and all professional and international 
female players in Germany [26]. Recently, for example, Ribeiro et al. [27] investigated the prevalence of RAEs in a sample 
of 1,224 female soccer players who had participated in the U17, U20, and Senior FIFA Women’s Football World Cup. 
Results indicated no RAEs in the senior age category but identified significant RAEs for players in the U17 and U20 ages, 
with players born in Q1 being overrepresented.

There are a multitude of confounding factors that are known to influence TID and TDE processes between nations 
(e.g., talent pool population size, financial/logistical resources, strength of domestic competition, participation rates, num-
ber of coaches; [28,29]). Many studies examining the prevalence of RAEs in soccer contexts have predominantly been 
conducted within more established nations (e.g., [14,27], with only a limited number of studies have explored the prev-
alence of RAEs in lesser established nations, demonstrating contrasting findings in both youth female and male players 
(e.g., [30,31–33]). Recognising the potential disparity in characteristics between established and emerging soccer nations 
[28], further research is required to explore the recent prevalence of RAEs within different continental soccer confedera-
tions and the nations within them.

It must also be acknowledged that the RAEs can be moderated by certain factors such as playing position. For 
example, Ribeiro et al. [27] showed no RAEs across any playing position at the senior level, but significant RAEs 
for U17 and U20 midfielders. In contrast, Romann and Fuchslocher [22] demonstrated overall significant RAEs for 
defenders and goalkeepers in female Swiss soccer players aged between 10–20 years. Furthermore, another mod-
erating factor that has recently received attention are from players deemed to possess higher levels of  
soccer-specific skills (e.g., technical, physical), and thus are invited to practice/compete at an age group above 
their own chronological age, commonly referred to as “playing-up” [34]. Analysis of RAEs in all 55 nations in the 
Union of European Football Nations (UEFA) from the most recent European championships revealed significant 
deviations in birth quartiles for males, but no evidence of RAEs in females who were playing-up [14]. It is suggested 
that allowing players to play up may account for some of the biases brought on by the prevalence of the RAE, pro-
viding appropriate developmental challenges for both earlier and later born players [17]. Whilst theoretically plau-
sible, research merging these topics is absent in comprehensive samples of male and female soccer players from 
emerging football nations.

Accordingly, the aims of the present study were to examine the prevalence of RAEs in international female soccer play-
ers within the Confederation of North, Central American and Caribbean Association Football (Concacaf), which has the 
highest percentage (42.6%) of women and girls playing organised soccer compared to other federations [1]. Furthermore, 
the study aims to explore the influence of nation, age group, playing position, and playing status. To provide direct com-
parison, we will also examine RAEs in equivalent male players. Given the documented inconsistency of RAE prevalence 
in female soccer, it was hypothesised that a significant RAE bias would be observed in Concacaf male, but not female, 
players. Additionally, it was hypothesised that there would be further RAE biases across playing positions, in keeping with 
previous research (e.g., [35,36]). Given the limited research examining the influence of playing-up on RAE in soccer, we 
forgo making a priori hypotheses.

Method

Participants

Birthdates of 1,959 active Concacaf soccer players were obtained in November 2024 from the official data centres of 
Concacaf and individual nations. Birthdates were collected from 24 associations (out of 42) under the Concacaf governing 
body and from the rosters for the most recent Concacaf U17, U20, and senior Championships respectively (e.g., 2023 
Men’s U17 Championships, Guatemala). All players were categorised by Sex: Male (929); Female (1030), Position: Goal-
keeper (Male = 112; Female = 118); Defender (Male = 291; Female = 301); Midfielder (Male = 313; Female = 327); Forward 
(Male = 213; Female = 284), Age Group (i.e., age group): U17 (Male = 401; Female = 379;); U20 (Male = 252; Female = 398); 
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Senior (Male = 276; Female = 253), and Playing Status (i.e., playing inside, or above their chronological age group): Age 
Group (male = 445; Female = 456); Playing-Up (Male = 208; Female = 321) (Table 1). Any players that were listed twice 
(e.g., making appearances at U17 and U20) were categorised based on the most appearances. Because data were freely 
available via the internet (www.concacaf.com), no approval by an ethical committee was required. The study was con-
ducted in accordance with the declaration of Helsinki.

Data analysis

The birth month for each player was used to define the birth quarter and semester distribution [18]. We adopted cut-off 
dates in line with Concacaf regulations, defined as: Q1 = January-March; Q2 = April-June; Q3 = July-September; Q4 = 
 October-December, and semesters: S1 = January-June; S2 = July-December. The Chi-squared (χ2) test was used to 
assess differences between observed and expected birthdate distributions across quartiles and semesters for: (1) sex, 
irrespective of nation, playing position, age group, or playing status; (2) sex, age group, and position; (3) sex and play-
ing status; and (4) sex and nation. Expected birthdates were obtained from an international database [37] and reflected 
the average population birthdate distributions for all available nations under Concacaf body competing in the respective 
championships (birthdates were not available for Grenada, Dominican Republic, Haiti, and Honduras) from 1984–2008, 
capturing the population records for birth years of the oldest and youngest players within the sample. Population birthdate 
distributions were identified as: Q1 = 24.1%; Q2 = 24.6%; Q3 = 26.3%; Q4 = 24.0%. Odds ratios (ORs) and 95% confi-
dence intervals (95% CI) were calculated to compare the odds of the frequency of a quartile or semester to another with 
a reference group consisting of the relatively youngest players (Q4 or S2, respectively). An OR of 1.0 indicated that the 
frequency is equal in both quarters/semesters whilst an OR of 2.0 indicated that the frequency of one quarter/semester 
is twice as high as the other [20,26]. ORs were considered significant if the 95% CI range did not include a value <1.00. 
Moreover, effect sizes (Cohen’s W) were calculated to determine the magnitude of chi‐squared tests [38], proposed that 
where w = 0.10, w = 0.30, and w = 0.50, they specified small, medium, and large effect sizes, respectively. Where appropri-
ate, alpha was set at p < 0.05. Data were analysed via SPSS Statistics Version 26.0 for Windows (IBM, Chicago USA).

Results

There were statistically significant RAEs for male players [χ2 = (n = 929) = 10.65, p < 0.05, w = 0.11], but not female players 
[χ2 = (n = 1030) = 1.44, p = 0.70, w = 0.04]. Male players born in the first quartile were over‐represented (Q1 vs. Q4, OR = 
2.1, CI = 0.9–4.6, Fig 1), and the ORs declined marginally for comparisons later in the year, with Q4 being inferior for each.

Fig 1. Birth quartile distribution for male (light grey) and female (dark grey) soccer players.

https://doi.org/10.1371/journal.pone.0321245.g001

www.concacaf.com
https://doi.org/10.1371/journal.pone.0321245.g001
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Age group and playing position

The frequency and percentage distributions of players’ birth quartiles for age group and playing position status are pre-
sented in Table 2. For age group, irrespective of playing position, there were statistically significant RAEs at U17 level 
for males [χ2 = (n = 401) = 23.54, p < 0.001, w = 0.24] but not female players [χ2 = (n = 379) = 2.54, p = 0.48, w = 0.08]. In 
female U17 and senior players there were significant deviations in birth quartiles for goalkeepers [U17: χ2 = (n = 43) = 
8.35, p < 0.05, w = 0.44; senior: χ2 = (n = 31) = 13.63, p < 0.05, w = 0.66], defenders [U17: χ2 = (n = 102) = 9.77, p < 0.05, 
w = 0.31], and midfielders [U17: χ2 = (n = 126) = 10.38, p < 0.05, w = 0.29]. For senior goalkeepers, players born in the 
first quartile (32.3%) being over‐represented (Q1 vs. Q4: OR = 3.2, CI = 1.3–8.0) with Q4 (9.7%) being inferior. For U17 
defender, players born in the third quartile (33.3%) being over‐represented (Q3 vs. Q4: OR = 2.1, CI = 0.9–4.7), with 
Q4 (16.7%) being inferior. Whereas for U17 midfielders, the largest distribution was Q4 (34.1%), with Q3 being inferior 
(14.3%). In male players, U17 and U20 players indicated significant deviations in birth quartiles for goalkeepers [U17: 
χ2 = (n = 40) = 30.53, p < 0.001, w = 0.87; U20: χ2 = (n = 36) = 9.70, p < 0.05, w = 0.52] defenders [U17: χ2 = (n = 128) 
= 20.45, p < 0.001, w = 0.40; U20: χ2 = (n = 71) = 13.34, p < 0.05, w = 0.43], midfielders [U17: χ2 = (n = 138) = 19.82, 
p < 0.001, w = 0.38], and forwards [U17: χ2 = (n = 95) = 32.74, p < 0.001, w = 0.59; U20: χ2 = (n = 64) = 12.49, p < 0.01, 
w = 0.44], with players born in the first quartile (goalkeepers: U17 = 45.0%; defenders: U17 = 42.2%; U20 = 32.4%; mid-
fielders: U17 = 42.0%; forwards: U17 = 46.3%; U20 = 39.1%) being over‐represented (Q1 vs Q4, goalkeepers; U17: OR 
= 2.9, CI = 1.3–6.5; defenders; U17: OR = 3.1, CI = 1.3–7.0; U20: OR = 3.2, CI = 1.3–7.8; midfielders; U17: OR = 2.8, 
CI = 1.2–6.3; forwards; U17: OR = 4.7, CI = 1.9–11.5; U20: OR = 2.0, CI = 0.9–4.4), with Q4 (goalkeepers: U17 = 15.0%; 
defenders: U17 = 13.3%; U20 = 9.9%; midfielders: U17 = 14.5%; forwards: U17 = 9.5%; U20 = 18.8%) being lesser for each 
case. For U20 goalkeepers, players born in the second quartile (36.1%) were over-represented compared to quartile 
three (16.7%).

Soccer nation

The frequency and percentage distributions of players’ birth quartiles for sex and nation are presented in Table 3. In 
female players, there were statistically significant RAEs for Bermuda, Costa Rica, Dominican Republic, El Salvador, 
Grenada, Guatemala, Haiti, Mexico, Panama, and Suriname. For these nations, OR analysis indicated that players born 
in Q1 were overrepresented with Q4 being inferior in each case. However, for Grenada and Suriname, the largest distri-
bution was Q2, with Q3 being inferior for Grenada, and Q1 and Q4 for Suriname. For Dominican Republic and Panama, 
the largest distribution was Q3, with Q2 being inferior for the Dominican Republic and Q4 for Panama. For Costa Rica, the 
largest distribution was Q4, with Q2 being inferior. For male players, there were statistically significant RAEs for Canada, 
Costa Rica, Cuba, Curaçao, Dominican Republic, El Salvador, Guadeloupe, Jamaica, Nicaragua, Panama, Puerto Rico, 
Suriname, and Trinidad and Tobago.

Table 1. Categories, subcategories, and definitions of independent variables.

Category Subcategory Definition

Sex Female Represented their respective nations female soccer team.

Male Represented their respective nations male soccer team.

Age Group U17 Represented their nation during the U17 Concacaf Championships.

U20 Represented their nation during the U20 Concacaf Championships.

Senior Represented their nation during the senior Concacaf Championships.

Playing Status Age Group Playing inside their age group (e.g., 16/17 years playing at U17 level).

Playing-Up Playing above their age group (e.g., 17/18 years playing at U20 level)

https://doi.org/10.1371/journal.pone.0321245.t004

https://doi.org/10.1371/journal.pone.0321245.t004
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Playing status

The frequency and percentage distributions of players’ birth quartiles for sex and playing status are presented in Table 
4. There was a statistically significant RAE for male players at age group [χ2 = (n = 445) = 33.83, p < 0.001, W = 0.28], but 
not for playing-up [χ2 = (n = 208) = 3.87, p = 0.30, w = 0.14] or female players [Age Group: χ2 = (n = 456) = 5.28, p = 0.16, 
w = 0.11; Playing-Up: χ2 = (n = 321) = 0.56, p = 0.91, w = 0.04]. Male Age Group players born in the first quartile (46.0%) 
were over‐represented (Q1 vs Q4, OR = 4.0, CI = 1.7–9.6), with Q4 (11.0%) being inferior.

Discussion

The aim of the present study was to investigate the prevalence of RAEs in a comprehensive sample of multi-national 
female and male soccer players within Concacaf, considering sex, nationality, age group, playing position, and playing 
status. Our main findings were: (1) limited RAEs were observed in U17, U20, and Senior female Concacaf players; (2) 
medium to large RAE biases were found within almost all playing positions for male youth U17 and U20 players, which 

Table 2. Birth quartile distribution by sex, age group, and playing position (* Significant at an alpha level of p < 0.05).

Birthdate Distribution (%) Odds Ratio (95% CI)

Age Position n Q1 Q2 Q3 Q4 Q1 vs. Q4 Q2 vs. Q4 Q3 vs. Q4 S1 vs. S2 X2 p W

Male U17 Goalkeeper 40 18 (45) 11 (28) 5 (13) 6 (15) 2.9 (1.3-6.5) 1.8 (0.8-4.2) 0.9 (0.3-2.2) 2.6 (1.5-4.7) 30.53 <0.001 0.87

Defender 128 54 (42) 30 (23) 27 (21) 17 (13) 3.1 (1.3-7.0) 1.7 (0.7-4.2) 1.7 (0.7-4.0) 1.9 (1.1-3.4) 20.45 <0.001 0.40

Midfielder 138 58 (42) 33 (24) 27 (20) 20 (15) 2.8 (1.2-6.3) 1.6 (0.7-3.8) 1.4 (0.6-3.4) 1.9 (1.1-3.4) 19.82 <0.001 0.38

Forward 95 44 (46) 24 (25) 18 (19) 9 (10) 4.7 (1.9-11.5) 2.6 (1.6-7.0) 2.1 (0.8-5.5) 2.5 (1.4-4.5) 32.74 <0.001 0.59

TOTAL 401 174 (43) 98 (24) 77 (19) 52 (13) 3.2 (1.4-7.4) 1.9 (0.8-4.4) 1.6 (0.6-3.8) 2.1 (1.2-3.7) 23.54 <0.001 0.24

U20 Goalkeeper 36 9 (25) 13 (36) 6 (17) 8 (22) 1.1 (0.5-2.4) 1.6 (0.7-3.4) 0.8 (0.3-1.8) 1.6 (0.9-2.8) 9.70 <0.050 0.52

Defender 71 23 (32) 20 (28) 21 (30) 7 (10) 3.2 (1.3-7.8) 2.8 (1.1-7.0) 3.2 (1.3-7.8) 1.5 (0.9-2.7) 13.34 <0.005 0.43

Midfielder 81 28 (35) 19 (24) 18 (22) 16 (20) 1.7 (0.8-3.7) 1.2 (0.5-2.6) 1.2 (0.5-2.7) 1.4 (0.8-2.4) 6.43 0.1000 0.28

Forward 64 25 (39) 13 (20) 14 (22) 12 (19) 2.0 (0.9-4.4) 1.1 (0.5-2.5) 1.2 (0.5-2.8) 1.5 (0.8-2.6) 12.49 <0.010 0.44

TOTAL 252 85 (34) 65 (26) 59 (23) 43 (17) 1.9 (0.8-4.3) 1.5 (0.7-3.4) 1.4 (0.6-3.3) 1.5 (0.8-2.6) 6.87 0.080 0.17

Senior Goalkeeper 36 12 (33) 9 (25) 6 (17) 9 (25) 1.3 (0.6-2.8) 1.0 (0.4-2.2) 0.7 (0.3-1.6) 1.4 (0.8-2.4) 7.39 0.070 0.45

Defender 92 32 (35) 23 (25) 20 (22) 17 (19) 1.8 (0.8-4.0) 1.3 (0.6-3.0) 1.2 (0.5-2.8) 1.5 (0.8-2.6) 7.37 0.060 0.28

Midfielder 94 27 (29) 22 (23) 20 (21) 25 (27) 1.0 (0.5-2.2) 0.9 (0.4-1.9) 0.8 (0.4-1.9) 1.1 (0.6-1.9) 2.10 0.570 0.15

Forward 54 14 (26) 14 (26) 11 (20) 15 (28) 0.9 (0.4-2.0) 0.9 (0.4-2.0) 0.8 (0.3-1.7) 1.1 (0.6-1.9) 1.99 0.600 0.19

TOTAL 276 85 (31) 68 (25) 57 (21) 66 (24) 1.2 (0.6-2.7) 1.0 (0.5-2.2) 0.9 (0.4-2.0) 1.2 (0.7-2.2) 3.23 0.370 0.11

Female U17 Goalkeeper 43 9 (21) 14 (33) 7 (16) 13 (30) 0.7 (0.3-1.5) 1.1 (0.5-2.2) 0.6 (0.3-1.3) 1.2 (0.7-2.0) 8.35 <0.050 0.44

Defender 102 33 (32) 18 (18) 34 (33) 17 (17) 1.9 (0.8-4.2) 1.0 (0.4-2.5) 2.1 (0.9-4.7) 1.0 (0.6-1.7) 9.77 <0.050 0.31

Midfielder 126 36 (29) 29 (23) 18 (14) 43 (34) 0.8 (0.4-1.7) 0.7 (0.3-1.4) 0.4 (0.2-1.0) 1.1 (0.6-1.9) 10.38 <0.050 0.29

Forward 108 35 (32) 22 (20) 24 (22) 27 (25) 1.2 (0.6-2.7) 0.8 (0.4-1.8) 0.9 (0.4-2.1) 1.1 (0.6-1.9) 4.30 0.240 0.20

TOTAL 379 113 (30) 83 (22) 83 (22) 100 (26) 1.1 (0.5-2.3) 0.8 (0.4-1.8) 0.9 (0.4-1.9) 1.1 (0.6-1.9) 2.54 0.480 0.08

U20 Goalkeeper 44 14 (32) 10 (23) 13 (30) 7 (16) 1.9 (0.8-4.4) 1.4 (0.6-3.3) 2.0 (0.9-4.4) 1.2 (0.7-2.1) 6.48 0.100 0.38

Defender 113 35 (31) 25 (22) 29 (26) 24 (21) 1.4 (0.6-3.1) 1.0 (0.5-2.3) 1.3 (0.6-2.8) 1.1 (0.6-2.0) 2.82 0.430 0.16

Midfielder 122 31 (25) 36 (30) 27 (22) 28 (23) 1.1 (0.5-2.4) 1.3 (0.6-2.8) 1.0 (0.5-2.3) 1.2 (0.7-2.1) 1.97 0.600 0.13

Forward 119 31 (26) 25 (21) 35 (29) 28 (24) 1.1 (0.5-2.4) 0.9 (0.4-2.0) 1.3 (0.6-2.8) 0.9 (0.5-1.5) 1.18 0.770 0.10

TOTAL 398 111 (28) 96 (24) 104 (26) 87 (22) 1.2 (0.6-2.7) 1.1 (0.5-2.4) 1.3 (0.6-2.8) 1.1 (0.6-1.9) 1.02 0.800 0.05

Senior Goalkeeper 31 10 (32) 9 (29) 9 (29) 3 (10) 3.2 (1.3-8.0) 3.0 (1.2-7.4) 3.2 (1.3-7.8) 1.6 (0.9-2.8) 13.63 <0.005 0.66

Defender 86 26 (30) 20 (23) 17 (20) 23 (27) 1.1 (0.5-2.3) 0.9 (0.4-1.9) 0.8 (0.3-1.7) 1.2 (0.7-2.0) 3.53 0.340 0.20

Midfielder 79 22 (28) 20 (25) 25 (32) 12 (15) 1.8 (0.8-4.1) 1.6 (0.7-3.8) 2.2 (1.0-5.0) 1.1 (0.7-2.0) 5.78 0.140 0.27

Forward 57 18 (32) 17 (30) 12 (21) 10 (18) 1.7 (0.8-3.9) 1.7 (0.7-3.8) 1.3 (0.5-2.9) 1.6 (0.9-2.8) 6.90 0.080 0.35

TOTAL 253 76 (30) 66 (26) 63 (25) 48 (19) 1.5 (0.7-3.4) 1.4 (0.6-3.0) 1.4 (0.6-3.1) 1.3 (0.7-2.2) 3.14 0.380 0.11

https://doi.org/10.1371/journal.pone.0321245.t001

https://doi.org/10.1371/journal.pone.0321245.t001
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Table 3. Birth quartile distribution by nation and sex (* Significant at an alpha level of p < 0.05).

Birthdate Distribution (%) Odds Ratio (95% CI)

Nation Sex n Q1 Q2 Q3 Q4 Q1 vs. Q4 Q2 vs. Q4 Q3 vs. Q4 S1 vs. S2 X2 p W

Barbados Male 13 3 (23) 4 (31) 3 (23.1) 3 (23) 1.0 (0.4-2.2) 1.3 (0.6-2.8) 1.1 (0.5-2.3) 1.2 (0.7-2.0) 2.21 0.550 0.41

Female – – – – – – – – – – – –

Bermuda Male 13 4 (31) 4 (31) 3 (23) 2 (15) 1.9 (0.8-4.4) 2.0 (0.9-4.5) 1.6 (0.7-3.7) 1.6 (0.9-2.8) 7.69 0.060 0.77

Female 40 15 (38) 7 (18) 13 (33) 5 (13) 2.9 (1.2-6.8) 1.4 (0.6-3.4) 2.7 (1.2-6.4) 1.2 (0.7-2.1) 17.62 <0.001 0.66

Canada Male 67 24 (36) 18 (27) 13 (19) 12 (18) 1.9 (0.9-4.3) 1.5 (0.7-3.3) 1.1 (0.5-2.7) 1.7 (1.0-3.0) 9.97 <0.05 0.39

Female 63 20 (32) 16 (25) 14 (22) 13 (21) 1.5 (0.7-3.3) 1.2 (0.5-2.7) 1.1 (0.5-2.6) 1.3 (0.8-2.3) 3.93 0.280 0.25

Cayman Islands Male – – – – – – – – – – – –

Female 20 4 (20) 5 (25) 6 (30) 5 (25) 0.8 (0.3-1.7) 1.0 (0.4-2.2) 1.3 (0.6-2.7) 0.8 (0.5-1.4) 1.27 0.750 0.25

Costa Rica Male 66 27 (41) 19 (29) 15 (23) 5 (8) 5.2 (2.0-13.5) 3.7 (1.4-9.9) 3.2 (1.2-8.5) 2.3 (1.3-4.1) 25.58 <0.001 0.62

Female 43 10 (23) 4 (9) 10 (23) 19 (44) 0.5 (0.2-1.1) 0.2 (0.1-0.5) 0.6 (0.3-1.2) 0.5 (0.3-0.9) 25.4 <0.001 0.77

Cuba Male 54 25 (46) 10 (19) 12 (22) 7 (13) 3.4 (1.5-7.9) 1.4 (0.6-3.5) 1.8 (0.8-4.3) 1.8 (1.0-3.2) 28.68 <0.001 0.73

Female 40 8 (20) 10 (25) 10 (25) 12 (30) 0.6 (0.3-1.4) 0.8 (0.4-1.8) 0.9 (0.4-1.9) 0.8 (0.5-1.4) 1.81 0.620 0.21

Curaçao Male 25 11 (44) 7 (28) 3 (12) 4 (16) 2.7 (1.2-5.9) 1.7 (0.8-3.9) 0.8 (0.3-2.0) 2.6 (1.4-4.6) 28.76 <0.001 1.07

Female 40 11 (28) 9 (23) 10 (25) 10 (25) 1.1 (0.5-2.3) 0.9 (0.4-2.0) 1.1 (0.5-2.3) 1.0 (0.6-1.7) 0.73 0.870 0.14

Dominican Rep Male 39 20 (51) 5 (13) 8 (21) 6 (15) 3.2 (1.4-7.1) 0.8 (0.3-2.1) 1.4 (0.6-3.3) 1.8 (1.0-3.1) 41.64 <0.001 1.03

Female 63 17 (27) 10 (16) 24 (38) 12 (19) 1.4 (0.6-3.1) 0.8 (0.3-2.0) 2.1 (1.0-4.6) 0.8 (0.4-1.3) 10.75 <0.05 0.41

El Salvador Male 66 24 (36) 19 (29) 14 (21) 9 (14) 2.6 (1.1-5.9) 2.1 (0.9-4.9) 1.6 (0.7-3.9) 1.9 (1.1-3.3) 13.4 <0.005 0.45

Female 43 16 (37) 11 (26) 11 (26) 5 (12) 3.1 (1.3-7.3) 2.2 (0.9-5.3) 2.3 (1.0-5.6) 1.7 (1.0-3.0) 14.61 <0.005 0.58

Grenada Male – – – – – – – – – – – –

Female 20 5 (25) 7 (35) 3 (15) 5 (25) 1.0 (0.4-2.1) 1.4 (0.6-2.9) 0.6 (0.3-1.5) 1.5 (0.9-2.6) 9.82 <0.05 0.70

Guadeloupe Male 31 12 (39) 8 (26) 6 (19) 5 (16) 2.3 (1-5.2.0) 1.6 (0.7-3.6) 1.3 (0.5-3.0) 1.8 (1.0-3.2) 14.18 <0.005 0.68

Female – – – – – – – – – – – –

Guatemala Male 53 15 (28) 13 (25) 13 (25) 12 (23) 1.2 (0.5-2.6) 1.1 (0.5-2.4) 1.1 (0.5-2.5) 1.1 (0.6-2.0) 1.09 0.780 0.14

Female 63 23 (37) 20 (32) 9 (14) 11 (18) 2.0 (0.9-4.5) 1.8 (0.8-4.0) 0.9 (0.4-2.1) 2.2 (1.2-3.8) 16.86 <0.005 0.52

Guyana Male – – – – – – – – – – – –

Female 63 22 (35) 15 (24) 12 (19) 14 (22) 1.5 (0.7-3.3) 1.1 (0.5-2.4) 0.9 (0.4-2.0) 1.4 (0.8-2.5) 7.39 0.070 0.34

Haiti Male 72 25 (35) 18 (25) 13 (18) 16 (22) 1.5 (0.7-3.3) 1.1 (0.5-2.5) 0.9 (0.4-2.0) 1.5 (0.8-2.6) 7.83 0.060 0.33

Female 63 24 (38) 8 (13) 13 (21) 18 (29) 1.3 (0.6-2.7) 0.4 (0.2-1.0) 0.8 (0.3-1.7) 1.0 (0.6-1.8) 15.87 <0.005 0.50

Honduras Male 70 18 (26) 18 (26) 21 (30) 13 (19) 1.3 (0.6-3.0) 1.4 (0.6-3.1) 1.7 (0.8-3.8) 1.1 (0.6-1.8) 2.44 0.510 0.19

Female 40 10 (25) 10 (25) 7 (18) 13 (33) 0.7 (0.3-1.6) 0.8 (0.4-1.6) 0.6 (0.3-1.3) 1.0 (0.6-1.7) 5.59 0.160 0.37

Jamaica Male 64 19 (30) 15 (23) 8 (13) 22 (34) 0.8 (0.4-1.8) 0.7 (0.3-1.4) 0.4 (0.2-0.9) 1.1 (0.7-2.0) 12.9 <0.01 0.45

Female 40 13 (33) 9 (23) 8 (20) 10 (25) 1.3 (0.6-2.7) 0.9 (0.4-2.0) 0.8 (0.4-1.9) 1.2 (0.7-2.1) 4.76 0.200 0.34

Mexico Male 67 23 (34) 18 (27) 15 (22) 11 (16) 2.0 (0.9-4.5) 1.6 (0.7-3.7) 1.4 (0.6-3.3) 1.6 (0.9-2.8) 8.25 <0.05 0.35

Female 63 22 (35) 17 (27) 16 (25) 8 (13) 2.7 (1.1-6.2) 2.1 (0.9-5.0) 2.1 (0.9-5.0) 1.6 (0.9-2.9) 11.41 <0.05 0.43

Nicaragua Male 24 13 (54) 4 (17) 4 (17) 3 (13) 4.2 (1.8-9.6) 1.3 (0.5-3.3) 1.4 (0.6-3.5) 2.4 (1.4-4.3) 50.46 <0.001 1.45

Female 40 11 (28) 12 (30) 6 (15) 11 (28) 1.0 (0.4-2.1) 1.1 (0.5-2.3) 0.6 (0.2-1.3) 1.4 (0.8-2.4) 7.25 0.080 0.43

Panama Male 67 28 (42) 18 (27) 11 (16) 10 (15) 2.7 (1.2-6.1) 1.8 (0.8-4.1) 1.2 (0.5-2.8) 2.2 (1.2-3.9) 21.46 <0.001 0.57

Female 63 17 (27) 12 (19) 26 (41) 8 (13) 2.0 (0.9-4.9) 1.5 (0.6-3.6) 3.4 (1.5-7.9) 0.9 (0.5-1.5) 17.2 <0.005 0.52

Puerto Rico Male 18 11 (61) 4 (22) 1 (6) 2 (11) 5.3 (2.3-12.4) 2.0 (0.8-4.9) 0.5 (0.2-1.7) 5.0 (2.6-9.6) 82.93 <0.001 2.15

Female 63 21 (33) 15 (24) 15 (24) 12 (19) 1.7 (0.8-3.7) 1.2 (0.5-2.8) 1.3 (0.6-3) 1.3 (0.8-2.3) 5.29 0.160 0.29

St. Kitts and Nevis Male – – – – – – – – – – – –

Female 37 6 (16) 9 (24) 9 (24) 13 (35) 0.4 (0.2-1) 0.7 (0.3-1.5) 0.7 (0.3-1.5) 0.7 (0.4-1.2) 7.01 0.080 0.44

Suriname Male 12 3 (25) 1 (8) 6 (50) 2 (17) 1.4 (0.6-3.3) 0.5 (0.2-1.3) 3.2 (1.4-6.9) 0.5 (0.3-0.9) 37.2 <0.001 1.76

Female 20 3 (15) 8 (40) 6 (30) 3 (15) 1.0 (0.4-2.4) 2.6 (1.2-5.9) 2.1 (0.9-4.8) 1.2 (0.7-2.1) 17.99 <0.001 0.95

(Continued)
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dissipated at the Senior level; (3) statistically significant RAEs were observed for male youth players playing at age group 
level, but not for those playing-up; and, (4) uneven birthdate distributions were observed in 11/20 nations for males com-
pared to 10/22 nations for female players. Analysis of the total samples for both male and female players demonstrated 
a statistically significant deviation in birthdate distributions in male, but not female Concacaf soccer players who demon-
strated relatively equal birthdate distributions (Fig 1). Equally, when considering age group, no RAEs were present for 
females in any age categories.

It has been suggested that an absence of RAEs in female soccer may be due to a reduced popularity and participation 
of the sport in comparison to males [26]. However, a recent FIFA report demonstrated women and girls playing organised 
soccer is the highest percentage (42.6%) under Concacaf compared to other confederations [1]. Increased participation 
has previously been reported as a possible causal condition for RAEs, whereby increased participation leads to greater 
competition for places [39]. However, despite this increased participation, the access to competitive opportunities within 
female soccer is still far less than for males. This depth of competition hypothesis [40,41] suggests that with more players 
competing for a finite number of places, the more likely the characteristics of relatively older youth will be valued, leading 
to potentially stronger RAEs. This may exacerbate the issue of stakeholders (i.e., scouts/coaches) equating ‘talent’ with 
current performance, with relatively older players more likely to benefit due to the perceived physical and psychosocial 
advantages associated with having an increased chronological and developmental training age [8]. However, our findings 
conflict with this, with limited evidence of RAEs in female soccer players within our sample. This may partly be due to a 
large majority of Concacaf nations having less established infrastructure and sport selection programmes despite high 
participation rates, leading to a reduced talent pool for selection [28,39]. Equally, when considering the social aspects of 
participation, historic sociocultural norms may impact rates of drop-out and retention. This may particularly be the case 
in early maturing female players, where the physical requirements of athletic success and the associated morphological 
adaptations, may conflict with gender-based stereotypes of ideal body images, leading to increased rates of drop out 
during periods of maturation [22,42], further reducing the talent pool.

Birthdate Distribution (%) Odds Ratio (95% CI)

Nation Sex n Q1 Q2 Q3 Q4 Q1 vs. Q4 Q2 vs. Q4 Q3 vs. Q4 S1 vs. S2 X2 p W

Trinidad and Tobago Male 48 20 (42) 12 (25) 8 (17) 8 (17) 2.4 (1.1-5.3) 1.5 (0.6-3.4) 1.1 (0.4-2.5) 2.0 (1.1-3.5) 19.54 <0.001 0.64

Female 40 7 (18) 11 (28) 8 (20) 14 (35) 0.5 (0.2-1.1) 0.8 (0.4-1.6) 0.6 (0.3-1.3) 0.8 (0.5-1.4) 7.95 0.050 0.45

United States Male 60 19 (32) 16 (27) 16 (27) 9 (15) 2.0 (0.9-4.7) 1.7 (0.8-4.1) 1.9 (0.8-4.3) 1.4 (0.8-2.4) 6.71 0.090 0.33

Female 63 15 (24) 20 (32) 14 (22) 14 (22) 1.0 (0.5-2.3) 1.4 (0.6-3.1) 1.1 (0.5-2.3) 1.3 (0.7-2.2) 3.13 0.390 0.22

https://doi.org/10.1371/journal.pone.0321245.t002

Table 4. Birth quartile distribution by sex and playing status (* Significant at an alpha level of p < 0.05).

Birthdate Distribution (%) Odds Ratio (95% CI)

Sex Playing 
Status

n Q1 Q2 Q3 Q4 Q1 vs. Q4 Q2 vs. Q4 Q3 vs. Q4 S1 vs. S2 X2 p W

Male Age 
Group

445 205 (46) 124 (28) 67 (15) 49 (11) 4.0 (1.7-9.6) 2.5 (1.0-6.1) 1.4 (0.6-3.7) 2.8 (1.6-5.1) 33.83 <0.001 0.28

Playing- 
Up

208 54 (26) 39 (19) 69 (33) 46 (22) 1.1 (0.5-2.5) 0.8 (0.4-1.9) 1.6 (0.7-3.4) 0.8 (0.5-1.4) 3.87 0.300 0.14

Female Age 
Group

456 154 (34) 92 (20) 106 (23) 104 (23) 1.4 (0.7-3.1) 0.9 (0.4-2.0) 1.1 (0.5-2.4) 1.2 (0.7-2.0) 5.28 0.160 0.11

Playing- 
Up

321 70 (22) 87 (27) 81 (25) 83 (26) 0.8 (0.4-1.8) 1.0 (0.5-2.2) 1.0 (0.5-2.2) 1.0 (0.5-1.7) 0.56 0.910 0.04

https://doi.org/10.1371/journal.pone.0321245.t003

Table 3. (Continued)

https://doi.org/10.1371/journal.pone.0321245.t002
https://doi.org/10.1371/journal.pone.0321245.t003
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From a male perspective, similar to other national youth team samples (e.g., [14,32,43,44]), significant RAEs were 
present within the U17 age group, but then dissipate at senior level (Table 2). These findings are consistent with contem-
porary results of longitudinal RAE research, which suggests earlier selection into soccer TD pathways exacerbates RAEs 
in younger age groups [45] and may cause a cascading effect whereby early identification and (de)selection processes 
continue to re-bias selections in favour of chronologically older players [13,14,44]. Equally, longitudinal analysis has 
revealed relatively younger players are more likely to be selected at senior levels [44,46] suggesting a possible ‘rever-
sal’ of RAEs [15,24,47]. The reduced prevalence of RAEs in senior age groups may be related to the distinct concepts 
of RAEs and biopsychosocial maturation [48,49]. For example, in youth and adolescent cohorts biological maturation, 
psychological development and socio-emotional factors can vary dramatically between individuals leading to a range of 
associated (dis)advantages and challenges [50], with these (dis)advantages becoming attenuated during adulthood as a 
result of a reduction in experience and opportunities to practice between relatively older and younger players [44].

When exploring positional differences in RAEs (Table 2), it was observed that all positions for youth males (U17; U20) 
had asymmetrical birthdate distributions, except for midfield players at U20. Previous examinations of the role of playing 
position have reported that RAEs are most prevalent in goalkeepers and defenders [23,35,51–53]. It has been suggested 
that anthropometrics and physical skills that are required to meet the demands of the game may play a role in RAEs [32], 
which has been shown in other sports such as rugby [54], handball [55], and hockey [56]. Furthermore, the lack of RAE 
in U20 midfielders may be associated with attacking positions emphasising technical over physical skills [57]. However, 
it is important to acknowledge that we did not collect anthropometrics or physical data, and we only provided four posi-
tions. In contrast, the lack of observed RAEs across positions within the majority of the youth female samples in this study 
may suggest that within Concacaf nations, talented female soccer players are identified and selected for youth national 
teams based on skill-based (e.g., technical, perceptual-cognitive) or sociological (e.g., hours of practice) predictors of high 
performance [3], rather than competitive advantages associated with developmental differences due to increased age 
and experience [40]. In line with Finnegan et al. [23], a significant difference in birthdates was observed in senior female 
goalkeepers, which has been suggested to be attributed to a preference for ‘taller’ players [28]. As per our findings, these 
authors indicated this may be partially explained by the relatively small sample size for this position rather than the anthro-
pometric and physical attributes typically expected for that position, which may have been more salient in earlier-born 
players at youth levels [14,22,25].

Our results also demonstrated no differences in birthdate distributions for females playing at age group ‘level’ or  
‘playing-up’ (Table 4), in keeping with both youth and senior female national teams in Europe [14]. Kelly et al. [17] sug-
gested that the idea of playing-up may moderate the RAE by introducing a new quota of relatively younger players. This 
may also create an ‘underdog’ effect providing a challenge for those who play up to overcome the associated disadvan-
tages presented to them by the RAE [17,47,58]. For male players in our study, birthdate distributions differed at the age 
group level but not for those playing-up. This contrasts with Kelly et al. [17], who found that over 70% of U12-U16 players 
playing up were born in the first half of the year, in addition to having superior technical, tactical, psychological, and social 
traits. However, in our multinational sample, relatively older players were not favoured for playing up. Interestingly, although 
overall differences were not found, when examining individual age groups (i.e., U17; U20), differences in birthdate distribu-
tions were found for those playing-up at U17 but not U20 level, suggesting some relative age-related differences in physi-
cality, experience, and development can be advantageous in being selected to participate in older age groups.

When observing RAEs by individual nation, a larger proportion of countries favoured earlier born players amongst 
male rather than female players (Table 3). Whilst small sample sizes may have impacted results for some nations in 
male samples (e.g., Bermuda; Puerto Rico; Suriname), the presence of RAEs in some nations amongst the female 
samples contrast with the wider results we have previously reported. Many nations within Concacaf may be character-
ised as emerging football nations who are purported to have lower participation rates, and less financial and logistical 
resources [28]. Thus, the prevalence of RAEs (or lack thereof), may be partly due to the relative size of the talent pool 
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from which nations can select. However, this is difficult to interpret without in-depth knowledge of the cultural, struc-
tural, and societal factors that affect TID and TDE philosophies and processes within individual nations. Further  
information and research are required to understand the variability of these factors between different nations and 
the subsequent impact on TID processes. From a societal viewpoint, socio-economic status can lead to differences 
in RAE. Players in nations with higher socio-economic status are likely to have greater access to facilities, qualified 
coaches, and talent development pathways which may reduce the RAE bias [59], with nations of lower socio- 
economic status having restricted resources and opportunities having more pronounced RAEs in youth soccer [60]. 
Families of greater means can provide greater levels of financial and/or emotional support to players and thus mitigate 
the disadvantages of RAE. For example, female soccer in the United States is characterised by a “pay-to-play” model, 
which results in a player’s access to learning environment is underpinned by their parental financial support and 
sociocultural and economic status [46]

Given the continued existence of RAEs in youth soccer, researchers have attempted to provide potential prac-
tical strategies that could be implemented in sport selection systems to reduce these biases [61]. For example, it 
has previously been shown that placing numbers on players shirts that correspond to their relative age or biological 
maturation status results in scouts being more likely to provide higher ratings to younger and later maturing play-
ers [62,63]. Moreover, it has been suggested that players are grouped by maturity status rather than chronological 
age, also referred to as “bio-banding” [64]. This method is suggested to be more sensitive to individual differences 
in size and athleticism associated with biological maturation, thus creating more suitable settings for practice and 
competition where less mature players can be evaluated based on their technical, tactical, and psychological skills 
without more mature players relying on their temporary physical advantages [65–69]. Further, there may be a need 
to introduce contemporary methodological approaches (e.g., [70]) to standardise RAE measures and reduce meth-
odological biases across different sports, and within analyses adopting different age category boundaries and cut-off 
dates (e.g., age groups spanning two-, three-, or four-years). Introducing such methods may reduce some of the 
deficiencies demonstrated in research using samples with different grouping methods [11] and permit cross-cohort 
and sport comparisons of RAEs and constituent year effects [70–72]. Whilst providing promising empirical evidence 
to reduce RAEs, studies using some of these methodologies highlighted above are still in their infancy and the long-
term effects of these practices are currently unclear. However, researchers should continue in their efforts to mitigate 
the effects of RAEs in youth sports.

Limitations

It must be acknowledged that this study is not without limitations. As only birthdate, sex, and nationality data were 
extracted for participants from external sources, we did not obtain any data relating to players technical, psychological, 
or physical skills [73]. Therefore, any suggestions of selected players having superior sport-specific skills are based upon 
theoretical reasoning rather than empirical proof. For example, research has demonstrated that biological maturation, 
rather than relative age, may be the primary factor in physical and physiological advantages for youth athletes [12,74] 
and could also heavily influence selection processes (e.g., [49,75,76]). Considering this, research has suggested it may 
be unwise to continue to examine RAEs in cross-sectional, exploratory contexts [8]. Moreover, we classified four playing 
positions. A more nuanced classification by differentiating between wide/central positions [23] could potentially provide 
further insights related to the influence of the anthropometrical and physical demands of different playing positions 
on RAEs. However, the findings from this study provide a comprehensive and novel exploration of RAEs in male and 
female players, providing insight into TID processes across multiple emerging soccer nations. Future research should 
consider employing longitudinal research designs and explore youth to senior transitions, whilst accounting for individual 
differences to identify potential variances of RAEs within selected Concacaf players and propose potential solutions to 
mitigate such effects.
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Conclusion

Our findings demonstrate that RAEs exists in male but not female soccer players participating in Concacaf tournaments 
between 2022–2024. Male soccer players overall at U17 demonstrated an over representation of players born at the 
beginning of the selection year, but this did not continue into the U20 and Senior age groups, questioning the validity of 
any perceived advantages at younger ages. The existence of RAEs were shown to only exist for players participating at 
age group level, with no RAEs being found for players playing-up in an older chronological age group than the respective 
competition they were qualified for. Finally, a larger proportion of nations demonstrated unequal birthdate distributions in 
male, but not female samples, when combining all age groups. We encourage coaches, scouts, and federations to be 
aware of and acknowledge the potential prevalence of RAEs within their nations and cohorts, and to consider the limita-
tions associated with chronological age group bandings during their TID and (de)selection processes that may lead to (un)
conscious age discrimination biases. Further, future research is warranted, which may aim to collaborate with federations 
and tournament organisers to formulate and explore new and existing strategies aimed at reducing RAEs in youth soccer.

Supporting information

S1 Data.  Data. 
(XLSX)

Author contributions

Conceptualization: Matthew Andrew.

Data curation: Sam Barraclough, Andrew O. Triggs.

Formal analysis: Matthew Andrew, Sam Barraclough.

Project administration: Matthew Andrew.

Writing – original draft: Matthew Andrew, Sam Barraclough.

Writing – review & editing: Matthew Andrew, Sam Barraclough, James H. Dugdale, Matthew J. Reeves, Andrew O. 
Triggs, Adam L. Kelly.

References
 1. FIFA. Women’s Football. Women’s Strategy. [Internet]. 2020 [cited 20 February 2025]. Available from: https://digitalhub.fifa.com/

m/3337fe5231c26c72/original/mzliwvh0tj7maojqnyim-pdf.pdf.

 2. SETTING THE PACE. FIFA Benchmarking Report Women’s Football [Internet]. 2021 [cited 20 February 2025]. Available from: https://digitalhub.fifa.
com/m/3ba9d61ede0a9ee4/original/ dzm2o61buenfox51qjot-pdf.pdf.

 3. Williams AM, Ford PR, Drust B. Talent identification and development in soccer since the millennium. J Sports Sci. 2020;38(11–12):1199–210. 
https://doi.org/10.1080/02640414.2020.1766647 PMID: 32568000

 4. Emmonds S, Heyward O, Jones B. The Challenge of Applying and Undertaking Research in Female Sport. Sports Med Open. 2019;5(1):51. https://
doi.org/10.1186/s40798-019-0224-x PMID: 31832880

 5. Okholm Kryger K, Wang A, Mehta R, Impellizzeri FM, Massey A, McCall A. Research on women’s football: a scoping review. Sci Med Footb. 
2022;6(5):549–58. https://doi.org/10.1080/24733938.2020.1868560 PMID: 36540910

 6. Curran O, MacNamara A, Passmore D. What About the Girls? Exploring the Gender Data Gap in Talent Development. Front Sports Act Living. 
2019;1:3. https://doi.org/10.3389/fspor.2019.00003 PMID: 33344927

 7. Peters CM, Hendry DT, Hodges NJ. A scoping review on developmental activities of girls’ and women’s sports. Front Sports Act Living. 
2022;4:903886. https://doi.org/10.3389/fspor.2022.903886 PMID: 36213454

 8. Roberts SJ, McRobert AP, Rudd J, Enright K, Reeves MJ. Research in Another un-Examined (RAE) context. A chronology of 35 years of relative age 
effect research in soccer: is it time to move on? Sci Med Footb. 2021;5(4):301–9. https://doi.org/10.1080/24733938.2020.1841278 PMID: 35077305

 9. Barnsley RH, Thompson AH. Birthdate and success in minor hockey: The key to the NHL. Canadian Journal of Behavioural Science / Revue cana-
dienne des sciences du comportement. 1988;20(2):167–76. https://doi.org/10.1037/h0079927

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0321245.s001
https://digitalhub.fifa.com/m/3337fe5231c26c72/original/mzliwvh0tj7maojqnyim-pdf.pdf
https://digitalhub.fifa.com/m/3337fe5231c26c72/original/mzliwvh0tj7maojqnyim-pdf.pdf
https://digitalhub.fifa.com/m/3ba9d61ede0a9ee4/original/
https://digitalhub.fifa.com/m/3ba9d61ede0a9ee4/original/
https://doi.org/10.1080/02640414.2020.1766647
http://www.ncbi.nlm.nih.gov/pubmed/32568000
https://doi.org/10.1186/s40798-019-0224-x
https://doi.org/10.1186/s40798-019-0224-x
http://www.ncbi.nlm.nih.gov/pubmed/31832880
https://doi.org/10.1080/24733938.2020.1868560
http://www.ncbi.nlm.nih.gov/pubmed/36540910
https://doi.org/10.3389/fspor.2019.00003
http://www.ncbi.nlm.nih.gov/pubmed/33344927
https://doi.org/10.3389/fspor.2022.903886
http://www.ncbi.nlm.nih.gov/pubmed/36213454
https://doi.org/10.1080/24733938.2020.1841278
http://www.ncbi.nlm.nih.gov/pubmed/35077305
https://doi.org/10.1037/h0079927


PLOS One | https://doi.org/10.1371/journal.pone.0321245 June 9, 2025 12 / 14

 10. Helsen WF, Starkes JL, Van Winckel J. The influence of relative age on success and dropout in male soccer players. Am J Hum Biol. 
1998;10(6):791–8. https://doi.org/10.1002/(SICI)1520-6300(1998)10:6<791::AID-AJHB10>3.0.CO;2-1 PMID: 28561412

 11. Cobley S, Baker J, Wattie N, McKenna J. Annual age-grouping and athlete development: a meta-analytical review of relative age effects in sport. 
Sports Med. 2009;39(3):235–56. https://doi.org/10.2165/00007256-200939030-00005 PMID: 19290678

 12. Leyhr D, Bergmann F, Schreiner R, Mann D, Dugandzic D, Höner O. Relative Age-Related Biases in Objective and Subjective Assessments of Per-
formance in Talented Youth Soccer Players. Front Sports Act Living. 2021;3:664231. https://doi.org/10.3389/fspor.2021.664231 PMID: 34056590

 13. Dugdale JH, McRobert AP, Unnithan VB. He’s just a wee laddie: The relative age effect in male Scottish soccer. Frontiers in Psychology. 
2021;12:633469. https://doi.org/10.3389/FPSYG.2021.633469

 14. Andrew M, Finnegan L, Datson N, Dugdale JH. Men Are from Quartile One, Women Are from? Relative Age Effect in European Soccer and the 
Influence of Age, Success, and Playing Status. Children (Basel). 2022;9(11):1747. https://doi.org/10.3390/children9111747 PMID: 36421196

 15. McCarthy N, Collins D, Court D. Start hard, finish better: further evidence for the reversal of the RAE advantage. J Sports Sci. 2016;34(15):1461–5. 
https://doi.org/10.1080/02640414.2015.1119297 PMID: 26651240

 16. Skorski S, Skorski S, Faude O, Hammes D, Meyer T. The Relative Age Effect in German Elite Youth Soccer: Implications for a Successful Career. 
Int J Sports Physiol Perform. 2016;11(3):370–6. https://doi.org/10.1123/ijspp.2015-0071 PMID: 26308489

 17. Kelly AL, Wilson MR, Gough LA, Knapman H, Morgan P, Cole M, et al. A longitudinal investigation into the relative age effect in an English profes-
sional football club: exploring the ‘underdog hypothesis’. Science and Medicine in Football. 2019;4(2):111–8. https://doi.org/10.1080/24733938.201
9.1694169

 18. Helsen WF, Baker J, Michiels S, Schorer J, Van Winckel J, Williams AM. The relative age effect in European professional soccer: did ten years of 
research make any difference?. J Sports Sci. 2012;30(15):1665–71. https://doi.org/10.1080/02640414.2012.721929 PMID: 23005576

 19. Padrón-Cabo A, Rey E, García-Soidán JL, Penedo-Jamardo E. Large Scale Analysis of Relative Age Effect on Professional Soccer Players in FIFA 
Designated Zones. International Journal of Performance Analysis in Sport. 2016;16(1):332–46. https://doi.org/10.1080/24748668.2016.11868890

 20. Smith KL, Weir PL, Till K, Romann M, Cobley S. Relative Age Effects Across and Within Female Sport Contexts: A Systematic Review and 
Meta-Analysis. Sports Med. 2018;48(6):1451–78. https://doi.org/10.1007/s40279-018-0890-8 PMID: 29536262

 21. Lidor R, Arnon M, Maayan Z, Gershon T, Côté J. Relative age effect and birthplace effect in Division 1 female ballgame players—the relevance of 
sport-specific factors. International Journal of Sport and Exercise Psychology. 2014;12(1):19–33. https://doi.org/10.1080/1612197x.2012.756232

 22. Romann M, Fuchslocher J. Influence of the selection level, age and playing position on relative age effects in Swiss women’s soccer. Talent Devel-
opment & Excellence. 2011;3(2):239–47.

 23. Finnegan L, van Rijbroek M, Oliva-Lozano JM, Cost R, Andrew M. Relative age effect across the talent identification process of youth female 
soccer players in the United States: Influence of birth year, position, biological maturation, and skill level. Biol Sport. 2024;41(4):241–51. https://doi.
org/10.5114/biolsport.2024.136085 PMID: 39416506

 24. Brustio PR, Stival M, Boccia G. Relative age effect reversal on the junior-to-senior transition in world-class athletics. J Sports Sci. 2023;41(9):903–
9. https://doi.org/10.1080/02640414.2023.2245647 PMID: 37555554

 25. Sedano S, Vaeyens R, Redondo JC. The Relative Age Effect in Spanish Female Soccer Players. Influence of the Competitive Level and a Playing 
Position. J Hum Kinet. 2015;46:129–37. https://doi.org/10.1515/hukin-2015-0041 PMID: 26240656

 26. Götze M, Hoppe MW. Relative Age Effect in Elite German Soccer: Influence of Gender and Competition Level. Front Psychol. 2021;11:587023. 
https://doi.org/10.3389/fpsyg.2020.587023 PMID: 33542698

 27. Ribeiro E, Barreira J, Carraco D, Galatti L, Götze M, Cal Abad CC. The relative age effect in under-17, under-20, and adult elite female soccer 
players. Sci Med Footb. 2024;8(2):153–60. https://doi.org/10.1080/24733938.2022.2164608 PMID: 36592346

 28. Bennett KJM, Vaeyens R, Fransen J. Creating a framework for talent identification and development in emerging football nations. Science and 
Medicine in Football. 2018;3(1):36–42. https://doi.org/10.1080/24733938.2018.1489141

 29. Ford PR, Bordonau JL, Bonanno D, Tavares J, Groenendijk C, Fink C, Gualtieri D, Gregson W, Varley MC, Weston M, Lolli L. A survey of talent 
identification and development processes in the youth academies of professional soccer clubs from around the world. In: Science and football. 
Routledge; 2023 May 22, p. 73–82.

 30. Finnegan L, Richardson D, Littlewood M, McArdle J. The influence of date and place of birth on youth player selection to a National Football Asso-
ciation elite development programme. Science and Medicine in Football. 2017;1(1):30–9. https://doi.org/10.1080/02640414.2016.1254807

 31. Li Z, Mao L, Steingröver C, Wattie N, Baker J, Schorer J, et al. Relative age effects in Elite Chinese soccer players: Implications of the “one-child” 
policy. PLoS One. 2020;15(2):e0228611. https://doi.org/10.1371/journal.pone.0228611 PMID: 32059000

 32. Morgans R, Radnor J, Nisbet D, Teixeira J, Modric T, Bezuglov E, et al. The Relative Age Effect across an International Soccer Programme in Male 
and Female Players Aged 12 Years Old to Seniors. J Hum Kinet. 2024;94:157–69. https://doi.org/10.5114/jhk/186563 PMID: 39563755

 33. Sweeney L, Lundberg TR. Relative age and biological maturity-related selection biases in male youth soccer across different competitive levels 
within a national association. Sci Med Footb. 2024;1–9. https://doi.org/10.1080/24733938.2024.2369543 PMID: 38909319

 34. Kelly A, Wilson MR, Jackson DT, Goldman DE, Turnnidge J, Côté J, et al. A multidisciplinary investigation into “playing-up” in academy football 
according to age phase. J Sports Sci. 2021;39(8):854–64. https://doi.org/10.1080/02640414.2020.1848117 PMID: 33203302

https://doi.org/10.1002/(SICI)1520-6300(1998)10:6<791::AID-AJHB10>3.0.CO;2-1
http://www.ncbi.nlm.nih.gov/pubmed/28561412
https://doi.org/10.2165/00007256-200939030-00005
http://www.ncbi.nlm.nih.gov/pubmed/19290678
https://doi.org/10.3389/fspor.2021.664231
http://www.ncbi.nlm.nih.gov/pubmed/34056590
https://doi.org/10.3389/FPSYG.2021.633469
https://doi.org/10.3390/children9111747
http://www.ncbi.nlm.nih.gov/pubmed/36421196
https://doi.org/10.1080/02640414.2015.1119297
http://www.ncbi.nlm.nih.gov/pubmed/26651240
https://doi.org/10.1123/ijspp.2015-0071
http://www.ncbi.nlm.nih.gov/pubmed/26308489
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/02640414.2012.721929
http://www.ncbi.nlm.nih.gov/pubmed/23005576
https://doi.org/10.1080/24748668.2016.11868890
https://doi.org/10.1007/s40279-018-0890-8
http://www.ncbi.nlm.nih.gov/pubmed/29536262
https://doi.org/10.1080/1612197x.2012.756232
https://doi.org/10.5114/biolsport.2024.136085
https://doi.org/10.5114/biolsport.2024.136085
http://www.ncbi.nlm.nih.gov/pubmed/39416506
https://doi.org/10.1080/02640414.2023.2245647
http://www.ncbi.nlm.nih.gov/pubmed/37555554
https://doi.org/10.1515/hukin-2015-0041
http://www.ncbi.nlm.nih.gov/pubmed/26240656
https://doi.org/10.3389/fpsyg.2020.587023
http://www.ncbi.nlm.nih.gov/pubmed/33542698
https://doi.org/10.1080/24733938.2022.2164608
http://www.ncbi.nlm.nih.gov/pubmed/36592346
https://doi.org/10.1080/24733938.2018.1489141
https://doi.org/10.1080/02640414.2016.1254807
https://doi.org/10.1371/journal.pone.0228611
http://www.ncbi.nlm.nih.gov/pubmed/32059000
https://doi.org/10.5114/jhk/186563
http://www.ncbi.nlm.nih.gov/pubmed/39563755
https://doi.org/10.1080/24733938.2024.2369543
http://www.ncbi.nlm.nih.gov/pubmed/38909319
https://doi.org/10.1080/02640414.2020.1848117
http://www.ncbi.nlm.nih.gov/pubmed/33203302


PLOS One | https://doi.org/10.1371/journal.pone.0321245 June 9, 2025 13 / 14

 35. Romann M, Fuchslocher J. Influence of the selection level, age and playing position on relative age effects in Swiss women’s soccer. Talent Devel-
opment & Excellence. 2011;3(2):239–47.

 36. Salinero JJ, Pérez B, Burillo P, Lesma ML. Relative age effect in European professional football. Analysis by position. JHSE. 2013;8(4):966–73. 
https://doi.org/10.4100/jhse.2013.84.07

 37. United Nations. Live births by month of birth. [Internet]. 2025 [cited 8 April 2025]. Available from: https://data.un.org/Data.
aspx?d=POP&f=tableCode%3A55.

 38. Cohen J. Statistical Power Analysis. Curr Dir Psychol Sci. 1992;1(3):98–101. https://doi.org/10.1111/1467-8721.ep10768783

 39. Wattie N, Cobley S, Baker J. Towards a unified understanding of relative age effects. J Sports Sci. 2008;26(13):1403–9. https://doi.
org/10.1080/02640410802233034 PMID: 18825541

 40. Musch J, Grondin S. Unequal Competition as an Impediment to Personal Development: A Review of the Relative Age Effect in Sport. Developmen-
tal Review. 2001;21(2):147–67. https://doi.org/10.1006/drev.2000.0516

 41. Baker J, Schorer J, Cobley S, Bräutigam H, Büsch D. Gender, depth of competition and relative age effects in team sports. Asian Journal of Exer-
cise & Sports Science. 2009;6(1).

 42. Delorme N, Boiche J, Raspaud M. Relative age and dropout in French male soccer. J Sports Sci. 2010;28(7):717–22. https://doi.
org/10.1080/02640411003663276 PMID: 20480428

 43. Williams JH. Relative age effect in youth soccer: analysis of the FIFA U17 World Cup competition. Scand J Med Sci Sports. 2010;20(3):502–8. 
https://doi.org/10.1111/j.1600-0838.2009.00961.x PMID: 19538534

 44. McAuley ABT, Baker J, Johnston K, Doncaster G, Kelly AL. Selection and re-selection throughout a national talent pathway: Exploring longitudinal 
relative age effects in Northern Ireland male soccer. High Ability Studies. 2024;35(2):231–47. https://doi.org/10.1080/13598139.2024.2404410

 45. McGonigle P, Paradis K, Hancock D. Longitudinal relative age effects in youth soccer and youth Gaelic football in Ireland. Journal of Human Sport 
and Exercise. 2023;18(3). https://doi.org/10.14198/jhse.2023.183.05

 46. Morganti G, Kelly AL, Vitarelli M, Strassoldo di Villanova F, Ruscello B, Campoli F, et al. Relative Age Effects and Place of Early Development Con-
strain Male Youth Italian Swimmers’ Developmental Experiences. Sports (Basel). 2024;12(11):309. https://doi.org/10.3390/sports12110309 PMID: 
39590911

 47. Gibbs BG, Jarvis JA, Dufur MJ. The rise of the underdog? The relative age effect reversal among Canadian-born NHL hockey players: A reply to 
Nolan and Howell. International Review for the Sociology of Sport. 2012;47(5):644–9. https://doi.org/10.1177/10126902114143

 48. Towlson C, Cobley S, Midgley AW, Garrett A, Parkin G, Lovell R. Relative Age, Maturation and Physical Biases on Position Allocation in Elite-Youth 
Soccer. Int J Sports Med. 2017;38(3):201–9. https://doi.org/10.1055/s-0042-119029 PMID: 28219108

 49. Sweeney L, Cumming SP, MacNamara Á, Horan D. The selection advantages associated with advanced biological maturation vary according to 
playing position in national-level youth soccer. Biol Sport. 2023;40(3):715–22. https://doi.org/10.5114/biolsport.2023.119983 PMID: 37398961

 50. McCarthy N, Taylor J, Cruickshank A, Collins D. Happy Birthday? Relative Age Benefits and Decrements on the Rocky Road. Sports (Basel). 
2022;10(6):82. https://doi.org/10.3390/sports10060082 PMID: 35736822

 51. Baker J, Janning C, Wong H, Cobley S, Schorer J. Variations in relative age effects in individual sports: skiing, figure skating and gymnastics. Eur J 
Sport Sci. 2014;14(Suppl 1):S183–90. https://doi.org/10.1080/17461391.2012.671369 PMID: 24444205

 52. de Oliveira Castro H, da Silva Aguiar S, Figueiredo LS, Laporta L, Conti Teixeira Costa GD, Afonso J, et al. Prevalence of the Relative Age Effect 
in Elite Brazilian Volleyball: An Analysis Based on Gender, the Playing Position, and Performance Indicators. J Hum Kinet. 2022;84:148–57. https://
doi.org/10.2478/hukin-2022-0093 PMID: 36457470

 53. Heilmann F, Kuhlig A, Stoll O. Relative age effects in German youth A and B men’s soccer teams: survival of the fittest? Front Sports Act Living. 
2024;6:1432605. https://doi.org/10.3389/fspor.2024.1432605 PMID: 39055171

 54. Till K, Cobley S, Wattie N, O’Hara J, Cooke C, Chapman C. The prevalence, influential factors and mechanisms of relative age effects in UK Rugby 
League. Scand J Med Sci Sports. 2010;20(2):320–9. https://doi.org/10.1111/j.1600-0838.2009.00884.x PMID: 19486487

 55. Schorer J, Cobley S, Büsch D, Bräutigam H, Baker J. Influences of competition level, gender, player nationality, career stage and playing position 
on relative age effects. Scand J Med Sci Sports. 2009;19(5):720–30. https://doi.org/10.1111/j.1600-0838.2008.00838.x PMID: 18627551

 56. Smith KL, Weir PL. An examination of the relative age effect in developmental girls’ hockey in Ontario. High Ability Studies. 2013;24(2):171–84. 
https://doi.org/10.1080/13598139.2013.847357

 57. Işin A. The relative age effect in successful national football teams. Kinesiologia Slovenica. 2021;27(2):40–51.

 58. Cumming SP, Searle C, Hemsley JK, Haswell F, Edwards H, Scott S, et al. Biological maturation, relative age and self-regulation in male profes-
sional academy soccer players: A test of the underdog hypothesis. Psychology of Sport and Exercise. 2018;39:147–53. https://doi.org/10.1016/j.
psychsport.2018.08.007

 59. Pérez-González B, León-Quismondo J, Bonal J, Iván-Baragaño I, Fernández-Luna Á, Burillo P. Is the relative age effect just a European prob-
lem? A comprehensive analysis of birth date distribution and its impact on player selection at the 2023 FIFA Women’s World Cup. PLoS One. 
2025;20(2):e0318116. https://doi.org/10.1371/journal.pone.0318116 PMID: 39946427

 60. Helsen WF, van Winckel J, Williams AM. The relative age effect in youth soccer across Europe. J Sports Sci. 2005;23(6):629–36. https://doi.
org/10.1080/02640410400021310 PMID: 16195011

https://doi.org/10.4100/jhse.2013.84.07
https://data.un.org/Data.aspx?d=POP&f=tableCode%3A55
https://data.un.org/Data.aspx?d=POP&f=tableCode%3A55
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1080/02640410802233034
https://doi.org/10.1080/02640410802233034
http://www.ncbi.nlm.nih.gov/pubmed/18825541
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1080/02640411003663276
https://doi.org/10.1080/02640411003663276
http://www.ncbi.nlm.nih.gov/pubmed/20480428
https://doi.org/10.1111/j.1600-0838.2009.00961.x
http://www.ncbi.nlm.nih.gov/pubmed/19538534
https://doi.org/10.1080/13598139.2024.2404410
https://doi.org/10.14198/jhse.2023.183.05
https://doi.org/10.3390/sports12110309
http://www.ncbi.nlm.nih.gov/pubmed/39590911
https://doi.org/10.1177/10126902114143
https://doi.org/10.1055/s-0042-119029
http://www.ncbi.nlm.nih.gov/pubmed/28219108
https://doi.org/10.5114/biolsport.2023.119983
http://www.ncbi.nlm.nih.gov/pubmed/37398961
https://doi.org/10.3390/sports10060082
http://www.ncbi.nlm.nih.gov/pubmed/35736822
https://doi.org/10.1080/17461391.2012.671369
http://www.ncbi.nlm.nih.gov/pubmed/24444205
https://doi.org/10.2478/hukin-2022-0093
https://doi.org/10.2478/hukin-2022-0093
http://www.ncbi.nlm.nih.gov/pubmed/36457470
https://doi.org/10.3389/fspor.2024.1432605
http://www.ncbi.nlm.nih.gov/pubmed/39055171
https://doi.org/10.1111/j.1600-0838.2009.00884.x
http://www.ncbi.nlm.nih.gov/pubmed/19486487
https://doi.org/10.1111/j.1600-0838.2008.00838.x
http://www.ncbi.nlm.nih.gov/pubmed/18627551
https://doi.org/10.1080/13598139.2013.847357
https://doi.org/10.1016/j.psychsport.2018.08.007
https://doi.org/10.1016/j.psychsport.2018.08.007
https://doi.org/10.1371/journal.pone.0318116
http://www.ncbi.nlm.nih.gov/pubmed/39946427
https://doi.org/10.1080/02640410400021310
https://doi.org/10.1080/02640410400021310
http://www.ncbi.nlm.nih.gov/pubmed/16195011


PLOS One | https://doi.org/10.1371/journal.pone.0321245 June 9, 2025 14 / 14

 61. Webdale K, Baker J, Schorer J, Wattie N. Solving sport’s ‘relative age’ problem: a systematic review of proposed solutions. International Review of 
Sport and Exercise Psychology. 2019;13(1):187–204. https://doi.org/10.1080/1750984x.2019.1675083

 62. Lüdin D, Donath L, Cobley S, Mann D, Romann M. Player-labelling as a solution to overcome maturation selection biases in youth football. J 
Sports Sci. 2022;40(14):1641–7. https://doi.org/10.1080/02640414.2022.2099077 PMID: 35969578

 63. Mann DL, van Ginneken PJMA. Age-ordered shirt numbering reduces the selection bias associated with the relative age effect. J Sports Sci. 
2017;35(8):784–90. https://doi.org/10.1080/02640414.2016.1189588 PMID: 27238077

 64. Towlson C, Cumming SP. Bio-banding in soccer: past, present, and future. Ann Hum Biol. 2022;49(7–8):269–73. https://doi.org/10.1080/03014460.
2022.2129091 PMID: 36166192

 65. Towlson C, MacMaster C, Gonçalves B, Sampaio J, Toner J, MacFarlane N, et al. The effect of bio-banding on technical and tactical indicators 
of talent identification in academy soccer players. Sci Med Footb. 2022;6(3):295–308. https://doi.org/10.1080/24733938.2021.2013522 PMID: 
35862161

 66. Towlson C, MacMaster C, Gonçalves B, Sampaio J, Toner J, MacFarlane N, et al. The effect of bio-banding on physical and psychological indica-
tors of talent identification in academy soccer players. Sci Med Footb. 2021;5(4):280–92. https://doi.org/10.1080/24733938.2020.1862419 PMID: 
35077307

 67. King M, Barrett S, Mclellan R, Cox J, Brown M, Mackenzie S, et al. Does team size affect Scottish male academy soccer player technical, locomo-
tor and psychosocial outcomes during age and maturity bio-banded small-sided games? J Sports Sci. 2025;:1–11. https://doi.org/10.1080/0264041
4.2025.2456408 PMID: 39905683

 68. MacMaster C, Portas M, Parkin G, Cumming S, Wilcox C, Towlson C. The effect of bio-banding on the anthropometric, physical fitness and 
functional movement characteristics of academy soccer players. PLoS One. 2021;16(11):e0260136. https://doi.org/10.1371/journal.pone.0260136 
PMID: 34843528

 69. Lüdin D, Donath L, Cobley S, Romann M. Effect of bio-banding on physiological and technical-tactical key performance indicators in youth elite 
soccer. Eur J Sport Sci. 2022;22(11):1659–67. https://doi.org/10.1080/17461391.2021.1974100 PMID: 34542017

 70. Cular D, Babic M, Katovic D, Beslija T, Kezic A. How to Compare Relative Age Effect in Different Sports? A New Methodological Approach-Example 
of Youth Olympic Games. Sports (Basel). 2024;12(8):215. https://doi.org/10.3390/sports12080215 PMID: 39195591

 71. Bjerke Ø. Relative age effects in competitive environments–Variations and insights from alpine skiing.

 72. Čular D, Miletic A, Babic M. The Prevalence of relative age effect in Youth Olympic Games: implications for talent identification and development in 
basketball. Acta Kinesiologica. 2024 Jan 16;18(1):4–8. Available from: https://doi.org/10.51371/issn.1840-2976.2023.18.1.1

 73. Sarmento H, Anguera MT, Pereira A, Araújo D. Talent Identification and Development in Male Football: A Systematic Review. Sports Med. 
2018;48(4):907–31. https://doi.org/10.1007/s40279-017-0851-7 PMID: 29299878

 74. Parr J, Winwood K, Hodson-Tole E, Deconinck FJA, Hill JP, Teunissen JW, et al. The Main and Interactive Effects of Biological Matu-
rity and Relative Age on Physical Performance in Elite Youth Soccer Players. Journal of Sports Medicine. 2020;2020:1–11. https://doi.
org/10.1155/2020/1957636

 75. Johnson A, Farooq A, Whiteley R. Skeletal maturation status is more strongly associated with academy selection than birth quarter. Science and 
Medicine in Football. 2017;1(2):157–63. https://doi.org/10.1080/24733938.2017.1283434

 76. Hill M, Scott S, Malina RM, McGee D, Cumming SP. Relative age and maturation selection biases in academy football. In: Science and Football. 
Routledge; 2023 May 22, p. 163–71. Available from: https://doi.org/10.1080/02640414.2019.1649524

https://doi.org/10.1080/1750984x.2019.1675083
https://doi.org/10.1080/02640414.2022.2099077
http://www.ncbi.nlm.nih.gov/pubmed/35969578
https://doi.org/10.1080/02640414.2016.1189588
http://www.ncbi.nlm.nih.gov/pubmed/27238077
https://doi.org/10.1080/03014460.2022.2129091
https://doi.org/10.1080/03014460.2022.2129091
http://www.ncbi.nlm.nih.gov/pubmed/36166192
https://doi.org/10.1080/24733938.2021.2013522
http://www.ncbi.nlm.nih.gov/pubmed/35862161
https://doi.org/10.1080/24733938.2020.1862419
http://www.ncbi.nlm.nih.gov/pubmed/35077307
https://doi.org/10.1080/02640414.2025.2456408
https://doi.org/10.1080/02640414.2025.2456408
http://www.ncbi.nlm.nih.gov/pubmed/39905683
https://doi.org/10.1371/journal.pone.0260136
http://www.ncbi.nlm.nih.gov/pubmed/34843528
https://doi.org/10.1080/17461391.2021.1974100
http://www.ncbi.nlm.nih.gov/pubmed/34542017
https://doi.org/10.3390/sports12080215
http://www.ncbi.nlm.nih.gov/pubmed/39195591
https://doi.org/10.51371/issn.1840-2976.2023.18.1.1
https://doi.org/10.1007/s40279-017-0851-7
http://www.ncbi.nlm.nih.gov/pubmed/29299878
https://doi.org/10.1155/2020/1957636
https://doi.org/10.1155/2020/1957636
https://doi.org/10.1080/24733938.2017.1283434
https://doi.org/10.1080/02640414.2019.1649524

