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Introduction: This study aimed to investigate the presence of relative age effect

(RAE) in the World Fencing Championships of the 2022–2023 season across

three age categories.

Methods: Data from the participants of the World Fencing Championships were

collected from the International Fencing Federation, resulting in a total of 2,791

participants distributed according to the age categories: 713 cadets, 1,048

juniors, and 1,030 senior athletes. The data collected included the athletes’

birthdate, birth quartile, sex, weapon, age category, country, continental area,

and world championship result. An athlete’s relative classification was

computed using their competition classification and the total number of

participants in the event. The chi-square goodness-of-fit test was performed

to assess the presence of RAE, examining differences in birth quarter

distribution across the total sample, for each sex, and for the 18 events.

Follow-up analyses included standardized residuals, Cramér’s V effect size, and

odds ratios. In events where RAE was detected, the Kruskal–Wallis and

Quade’s non-parametric ANCOVA tests were used to compare athletes’

relative classification across birth quarters.

Results: RAE was present, in the overall sample [χ2(3) = 16.142, p < 0.001,

V= 0.044], according to sex [female: χ
2(3) = 10.349, p=0.016, V=0.053;

male: χ2(3) = 7.987, p= 0.046, V= 0.041], and was inconclusive when focusing

on each event.

Discussion: The complexity of results in individual sports and the lack of

research in fencing makes it difficult to understand the relevance of RAE in

this sport. Despite the lack and inconsistency of results in fencing, coaches

should be aware of this effect.
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1 Introduction

Sport is often organized into age groups based on cutoff dates, which, in the case of

fencing, start on 1 January (1). These cutoff dates place individuals who may differ in

age by 1 year or more into the same category (2), leading to the relative age effect

(RAE). In fencing, the age gap can be up to 2 years in the cadet category and 3 years

in the junior category. The RAE refers to age-related differences between individuals

born in the same calendar year, where those born earlier tend to have an advantage

over those born later (2–4). The advantages to older individuals include their physical

growth, maturation, or experience (4).
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The RAE was first reported by Barnsley and Thompson (5) in

ice hockey players. Three main theories have been proposed to

explain the RAE (6): (1) the “Matthew effect” suggests that

parents are more likely to enroll their older children in sports

first, giving them an early advantage in training and experience

that compounds over time; (2) the “Pygmalion effect” refers to

the expectations coaches place on more physically mature

players, leading to preferential selection and increased

opportunities; and lastly, (3) the “Galatea effect” occurs when

expectations placed on a player are internalized, influencing them

to perform in line with those expectations (6). Supporting these

theories is the maturation hypothesis, which states that older

children are more physically and cognitively mature (7).

The prevalence of RAE depends on the sport, competitive level

(e.g., recreational to elite level), athlete’s age, sex, and physical

characteristics (8). It is more common at elite levels (9, 10), in

highly competitive environments where many athletes compete for

limited opportunities (11), in younger age categories (12, 13), and

in male sports (10, 14, 15). RAE is a well-documented

phenomenon in team sports, particularly in popular and physically

demanding disciplines such as football, basketball, and ice hockey

(3, 10, 12, 16, 17). In contrast, its presence in individual sports

varies depending on the sport’s physical and competitive demands.

For example, it is generally absent in low-contact, less physically

demanding sports like shooting (18), but more prevalent in

physically demanding disciplines such as skiing (7), and certain

track and field events, where RAE increases with performance

level (8, 15). In addition, some sports like swimming show event-

specific RAE patterns (14), while others, such as gymnastics and

figure skating, tend to exhibit an inverse RAE (19).

In individual opposition and combat sports like fencing

(20–22), RAE was observed among the top 100 female tennis

players (23) as well as across different weight classes and age

groups in judo (13). Despite being a combat sport, fencing is one

of the few sports in this category that does not have weight

classes. Sports like wrestling, judo, or taekwondo have been the

focus of previous research on RAE (24). Although some

researchers argue that weight classes can be a moderator against

RAE (25–28), others still observed it (21, 24, 29). Adding to the

inconsistency of findings in combat sports (30, 31), fencing

studies have shown a noticeable lack of research on RAE.

Fencing is an Olympic sport of individual opposition (20), where

psychomotor and perceptive skills prevail (32, 33). In fencing,

performance has been related mainly to perceptual, neuro-

physiological characteristics, and body composition, such as the

amount of lean body mass (34, 35), or power and speed (22, 33,

34, 36). This contrasts with sports like judo or wrestling, where

performance relies more heavily on isometric strength (24).

These reported functional and anthropometric characteristics

(speed, power, and lean body mass) are normally related to age

and to the maturation of athletes (37). However, the relationship

between the anthropometric characteristics of athletes and

fencing performance is still unclear (37, 38). To the best of our

knowledge, only two studies assessed RAE in fencing. One study

reported that Swiss recreational female fencers exhibited RAE,

while an inverse RAE was observed in the competitive level (39).

Another study about the top 20 Brazilian fencers reported a RAE

for several age categories using different weapons (21).

The issue of RAE in individual sports remains a subject of

ongoing debate, and this study aims to contribute to that

discussion. To this end, we investigated the presence of the RAE

in the World Fencing Championships events of the 2022–2023

season, across cadet, junior, and senior categories. We

hypothesized that: (1) RAE would be evident in the overall

sample; (2) RAE would be more prevalent in male athletes than

in female athletes; and (3) RAE would be more prevalent in

younger age categories and in male events.

2 Materials and methods

2.1 Study design

The aim of this study was to examine the presence of the RAE in

top-level fencing competitions, specifically at the 2022–2023 World

Fencing Championships. For this purpose, a cross-sectional

observational design was employed, using official athlete data

obtained from the International Fencing Federation database (1).

First, we assessed the presence of RAE in the total sample, as

well as separately for male and female athletes. Then, RAE was

investigated separately for each of the 18 fencing events (divided

by sex, weapon, and age group) that took place during the 2022–

2023 World Fencing Championships.

2.2 Data collection

All the data were collected from the International Fencing

Federation website (1). The data related to the 2022–2023 season

and included the cadet (U17), junior (U20), and senior athletes

who participated in the World Fencing Championships. The

recorded variables included the following: the participants’ date

of birth, competition date, weapon, sex, age category, final result

at the world championship, and number of participants in the

event. Decimal age was calculated as the difference between the

date of competition and the date of birth of the athlete.

In fencing, age groups start on 1 January and end on 31

December (1); therefore, to determine the distribution of birthdates

by quarter, we adopted the following cutoff periods: first quarter

(January to March), second quarter (April to June), third quarter

(July to September), and fourth quarter (October to December).

The relative result was calculated as the ratio between

an athlete’s final classification in the World Fencing

Championship event and the total number of participants in the

corresponding event.

2.3 Participants

Data were collected from 2,791 participants (mean decimal age:

20.4 ± 4.4 years). The sample comprised 1,216 female athletes

(mean age: 20.1 ± 5.4 years) and 1,575 male athletes (mean age:
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20.6 ± 5.5 years), distributed across three age categories: 713 cadets,

1,048 juniors, and 1,030 seniors. The mean ages of cadets, juniors,

and seniors were 16.2 ± 0.8 years, 18.1 ± 1.5 years, and 25.6 ± 5.7

years, respectively. There were 785 saber fencers, 1,103 épée

fencers, and 903 foil fencers.

Fencers were from 119 different countries. Each country was

allowed to participate with a maximum of 66 fencers across the

three World Fencing Championships (cadets, junior, and

seniors), distributed as follows: 18 cadets (three per weapon and

sex), 24 juniors (four per weapon and sex), and 24 seniors (four

per weapon and sex).

2.4 Statistical analyses

The Statistical Package for the Social Sciences (SPSS software

version 29.0, 241, IBM SPSS, Chicago, IL, USA) was used for the

statistical analysis and the significance level was set at 5%. A chi-

square goodness-of-fit test was used to examine whether the

distribution of athletes’ birthdates across the four birth quarters

deviated from an expected uniform discrete distribution (i.e.,

25% in each birth quarter). This analysis was conducted for the

total sample, as well as for each sex and for each one of the 18

events. Typically, in RAE studies, the observed birthdate

distribution is compared to a theoretically expected one, ideally

that of the underlying population. However, in studies that

analyze data from multiple countries, such as the present one,

obtaining official birth statistics can be challenging. Therefore, a

uniform discrete distribution is commonly used as a simplified

alternative for data analysis (40). In addition, a chi-square test

for homogeneity was employed to compare the distribution of

birth quarters between male and female athletes.

Follow-up analysis of the chi-square goodness-of-fit test

included standardized residuals, Cramér’s V for effect size, and

odds ratios (OR). When significant differences were observed in

the distribution of birth quarters, the standardized residuals (Ri)

were used to interpret the direction of the effect: values of

Ri≥ 1.96 indicated overrepresentation, while Ri≤ 1.96 indicated

underrepresentation (41). The effect size was assessed using

Cramér’s V. With three degrees of freedom, the effect was

considered negligible if V < 0.058, small if 0.058≤V < 0.173,

medium if 0.173≤V < 0.289, and large if V≥ 0.289 (42).

To estimate the likelihood of athletes being born in each birth

quarter compared to a reference population, binary logistic

regression was applied. For this purpose, a new dataset was

created by combining the observed distribution of athletes with a

hypothetical reference population, assuming a uniform discrete

distribution across the four birth quarters. The dependent

variable represented group membership (1 = athlete; 0 = reference

population), and birth quarter was entered as the independent

variable. The fourth quarter (Q4) served as the reference

category, in line with standard practice in RAE research (16).

Odds ratios and 95% confidence intervals (95% CI) were

calculated. A relevant RAE was considered present when the

confidence interval of the OR did not include the value 1. The

OR comparing quarter Qi to Qj reflects how much more (or

less) likely athletes born in Qi are to be represented in the

sample relative to those born in Qj, in relation to the reference

population, with OR >1 indicating overrepresentation and OR <1

indicating underrepresentation.

In the competitions where the RAE was detected, the Kruskal–

Wallis test was applied to compare the athletes’ relative results

across birth quarters. In addition, Quade’s non-parametric

ANCOVA test followed by multiple comparisons with Bonferroni

correction was conducted to compare relative results across birth

quarters while controlling for the effect of decimal age.

3 Results

The overall sample showed significant differences in the

distribution of birth quarters [χ2(3) = 16.142, p < 0.001], though

the effect size was negligible (V = 0.044). The first three quarters

had a higher proportion of births (Q1: 26.4% and Ri = 1.49, Q2:

25.4% and Ri = 0.43, Q3: 26.4% and Ri = 1.49) compared to Q4

(21.8% and Ri =−3.40). According to the odds ratio analysis, the

likelihood of competing at the World Fencing Championships

was 1.21, 1.17, and 1.21 times higher for athletes born in Q1,

Q2, and Q3, respectively, compared to those born in Q4. The

distribution of birth quarters is shown in Figure 1. Significant

differences were also seen across birth months [χ2(11) = 38.012,

p < 0.001, V = 0.034], with January showing a higher number of

births (10.2% and Ri = 3.50), and November (7.1% and

Ri =−2.27) and December (6.5% and Ri =−3.32) showing

fewer births.

According to sex, significant differences in the birth quarter

distribution were observed for both male (n = 1,216) and female

(n = 1,575) athletes (Figure 2). For female athletes [χ2(3) = 10.349,

p = 0.016, V = 0.053], the distribution for Q1, Q2, Q3, and Q4 was

26.6%, 26.6%, 25.7%, and 21.1%, respectively. Athletes born in Q4

were underrepresented (Ri: Q1 = 1.02, Q2 =−0.44, Q3 = 1.52,

Q4 =−2.10). Based on odds ratios, the likelihood of competing at

the World Fencing Championships was 1.26, 1.27, and 1.22 times

higher for athletes born in Q1, Q2, and Q3, respectively,

FIGURE 1

Birth quarter distribution on the overall sample of participants in the

2022–2023 World Fencing Championships. Note: Q1: first birth

quarter; Q2: second birth quarter; Q3: third birth quarter; Q4:

fourth birth quarter; *standardized residual ≥1.96 or ≤−1.96.
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compared to Q4. For male athletes [χ2(3) = 7.987, p = 0.046,

V = 0.041], 26.3%, 24.4%, 26.9%, and 22.3% of athletes were born

in Q1, Q2, Q3, and Q4, respectively. There was an

underrepresentation of athletes born in Q4 (Ri: Q1 = 1.09,

Q2 = 1.15, Q3 = 0.52, Q4 =−2.75). Based on odds ratios, the

likelihood of competing at the World Fencing Championships was

1.18, 1.09, and 1.20 times higher for athletes born in Q1, Q2, and

Q3, respectively, compared to those born in Q4. Furthermore, no

significant differences were found in birth quarter distribution

between sexes [χ2(3) = 2.219, p = 0.529, V = 0.028].

Birth quarter distribution was also examined by event

(Table 1). Significant differences were found in junior men’s

saber [χ2(3) = 8.602, p = 0.035, V = 0.131] and cadet men’s foil

[χ2(3) = 9.471, p = 0.024, V = 0.152). In junior men’s saber, the

distribution was 31.9%, 16.9%, 28.3%, and 22.9% for Q1, Q2, Q3,

and Q4, respectively (Figure 3a). Athletes born in Q2 were

underrepresented (Ri: Q1 = 1.79, Q2 =−2.09, Q3 = 0.85,

Q4 =−0.54). In the cadet men’s foil event, the birth quarter

distribution was 24.3%, 28.7%, 32.4%, and 14.7% for Q1, Q2, Q3,

and Q4, respectively (Figure 3b). Q4 had the lowest number of

births (Ri =−2.40), while the remaining birth quarters were

neither over- or underrepresented (Ri: Q1 =−0.17, Q2 = 0.86,

Q3 = 1.71). No significant differences in birth quarter distribution

were observed in any of the female events or the remaining

male events.

When comparing the athlete’s relative results across birth

quarters, no significant differences were observed in the junior

men’s saber category (H = 2.389, p = 0.496), nor in the cadet

men’s foil category (H = 0.224, p = 0.974). When accounting for

the decimal age effect, since older athletes are expected to be

more experienced (43), the results were still not significant. In

the junior men’s saber category, no significant differences were

observed [F (3, 162) = 1.292, p = 0.279], nor in the cadet men’s

foil category [F (3, 132) = 0.567, p = 0.638].

In the analysis of the overall top eight athletes per event, RAE

was identified, albeit with a small effect [χ2(3) = 9.056, p = 0.029,

V = 0.145]. However, the post hoc analysis using standardized

residuals revealed no quarters outside the range of −1.96–1.96

(Ri: Q1 =−1.50, Q2 = 1.67, Q3 = 1.33, Q4 =−1.50). However,

when analyzing each sex and each event, no significant

differences in birth quarter distributions were observed (Table 2).

4 Discussion

4.1 General discussion

Our study examined the presence of the RAE at the 2022–2023

World Fencing Championships. As hypothesized, RAE was evident

in the overall sample, with a notable underrepresentation of fencers

born in the fourth quarter. An analysis of birth months revealed

that the fewest athletes were born in November and December.

When analyzed by sex, both male and female participants

showed fewer births in the fourth quarter. However, contrary to

our expectations, no significant differences in birth quarter

distribution were found between sexes. RAE was identified in

only two specific events: junior men’s saber and cadet men’s foil.

In junior men’s saber, there was an underrepresentation of

athletes born in the second quarter, whereas in cadet men’s foil,

those born in the fourth quarter were underrepresented. Notably,

these patterns were not associated with final rankings in either

event. When considering only the top eight fencers per event, the

overall sample showed a trend toward RAE, with a higher

proportion of athletes born in the second and third quarters.

However, no clear evidence of RAE was found when analyzing

the birth distribution of the top eight athletes in each

individual event.

According to Musch and Grondin (11), the presence of RAE

depends strongly on the competitiveness of the sport. A sport

with increased popularity, few available playing spots, and more

physically driven tends to have a greater RAE, since the most

developed and athletic individuals are chosen (11, 44, 45). The

FIGURE 2

Birth quarter distribution by sex. Note: Q1: first birth quarter; Q2: second birth quarter; Q3: third birth quarter; Q4: fourth birth quarter; *standardized

residual ≥1.96 or ≤−1.96.
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remaining individuals can remain practicing at less competitive

levels, change for a less popular sport, or even drop out

completely from sport (16, 46). For example, in French boxing,

the RAE is absent at the amateur level where there is low

selection pressure (28).

Fencing is not very popular despite being an Olympic sport

since the first modern Olympic Games in 1896 (1). This may

explain why the RAE was absent in most World Fencing

Championships’ events, with the only exceptions being the junior

men’s saber and cadet men’s foil events. Another possible

explanation is that fencing does not depend, as it might appear,

on physical characteristics to obtain good results, as in football

or basketball (12, 17), but on combined mental, tactical, and

technical skills (9, 33, 39, 47–49). Fencing competitions involve

moments of high-intensity efforts, relying heavily on anaerobic

metabolism during exchanges, interspersed with longer pauses

dominated by aerobic activity (33, 47, 48). During a match,

fencers rely on perceptual and technical skills to succeed,

whether by creating touch opportunities or responding to an

opponent’s actions (33, 39). In addition, since the cadet and

junior categories span 2 and 3 years, respectively, there is

considerable age variability as well as morphological variability,

such as height and weight. Therefore, the significant presence of

RAE in only two of the 18 events analyzed, along with the

underrepresentation of fencers born in the second quarter at the

junior men’s saber event, may be attributed to chance. Similar

patterns have been observed in other technical sports, such as

artistic gymnastics, rhythmic gymnastics, and figure skating,

where the RAE is not observed (7, 9, 19).

The RAE observed in our overall sample is in line with the results

of Joyner et al. (50), who analyzed Olympic athletes from 1896 to

1996 and reported an RAE in the Summer Olympics, in both non-

ball sports and individual sports, with more births observed in the

first quarter (50). We then observed the results in more detail, by

sex and event, since the presence of RAE may vary across factors.

These analyses revealed some inconsistencies. On one hand, RAE

was significantly present among both male and female fencers,

consistent with findings by Smith et al. (45), who studied elite

female athletes across several sports, and by Almeida-Neto et al.

(21), who focused on Brazilian fencers. However, we found no

significant difference in the birth quarter distribution between sexes,

as was reported in studies by Baker et al. (7) and Brustio et al. (8)

in sports such as skiing, figure skating, and athletics, as well as in

the meta-analyses by Smith et al. (45) and Cobley et al. (16). In

addition, the absence of RAE in the senior age group aligns with

the findings reported by Cobley et al. (16) and Smith et al. (45).

TABLE 1 Birth quarter distribution (%) of participants in the 2022–2023 World Fencing Championships and comparison between birth quarters.

Event N Birth quarters (%) Chi-square Odds ratio (95% CI)

Q1
(%)

Q2
(%)

Q3
(%)

Q4
(%)

x
2

P V OR Q1 VS. Q4
(95% CI)

OR Q2 VS. Q4
(95% CI)

OR Q3 VS. Q4
(95% CI)

Female 1,216 26.6 26.6 25.7 21.1 10.349 .016 0.053 1.26 (1.00, 1.59) 1.27 (1.01, 1.59) 1.22 (0.97, 1.54)

Saber

Cadet 92 32.6 25.0 25.0 17.4 4.261 .241 0.124 1.88 (0.81, 4.33) 1.44 (0.61, 3.40) 1.44 (0.61, 3.40)

Junior 124 22.6 29.0 27.4 21.0 2.194 .539 0.077 1.08 (0.52, 2.24) 1.39 (0.68, 2.81) 1.31 (0.64, 2.67)

Senior 127 22.0 32.3 22.8 22.8 3.614 .314 0.097 0.97 (0.47, 1.97) 1.41 (0.71, 2.80) 1.00 (0.49, 2.04)

Epée

Cadet 120 30.0 23.3 23.3 23.3 1.600 .668 0.067 1.29 (0.63, 2.61) 1.00 (0.48, 2.07) 1.00 (0.48, 2.07)

Junior 174 29.9 23.0 23.6 23.6 2.230 .538 0.065 1.27 (0.71, 2.28) 0.98 (0.53, 1.79) 1.00 (0.55, 1.83)

Senior 184 25.0 26.1 27.2 21.7 1.217 .748 0.047 1.15 (0.64, 2.07) 1.20 (0.67, 2.16) 1.25 (0.70, 2.24)

Foil

Cadet 110 30.0 27.3 25.5 17.3 3.964 .266 0.110 1.74 (0.80, 3.76) 1.58 (0.72, 3.45) 1.47 (0.67, 3.24)

Junior 156 25.6 25.6 29.5 19.2 3.385 .344 0.085 1.33 (0.70, 2.55) 1.33 (0.70, 2.55) 1.53 (0.81, 2.91)

Senior 129 23.3 29.5 26.4 20.9 2.132 .555 0.074 1.11 (0.55, 2.27) 1.41 (0.70, 2.82) 1.26 (0.62, 2.54)

Male 1,575 26.3 24.4 26.9 22.3 7.987 .046 0.041 1.18 (0.96, 1.44) 1.09 (0.89, 1.34) 1.20 (0.99, 1.47)

Saber

Cadet 106 27.4 30.2 26.4 16.0 4.261 .188 0.116 1.71 (0.76, 3.82) 1.88 (0.85, 4.18) 1.65 (0.73, 3.70)

Junior 166 31.9 16.9 28.3 22.9 8.602 .035* 0.131 1.39 (0.77, 2.54) 0.74 (0.38, 1.41) 1.24 (0.67, 2.27)

Senior 170 24.7 22.9 25.9 26.5 0.464 .926 0.030 0.93 (0.51, 1.70) 0.87 (0.47, 1.59) 0.98 (0.54, 1.77)

Epée

Cadet 149 33.6 24.2 20.8 21.5 6.195 .103 0.118 1.56 (0.83, 2.95) 1.13 (0.58, 2.17) 0.97 (0.50, 1.90)

Junior 233 24.5 26.6 25.3 23.6 0.459 .931 0.026 1.04 (0.62, 1.74) 1.13 (0.67, 1.88) 1.07 (0.64, 1.80)

Senior 243 23.0 27.6 29.6 19.8 5.774 .124 0.089 1.17 (0.69, 1.97) 1.40 (0.84, 2.33) 1.50 (0.90, 2.50)

Foil

Cadet 136 24.3 28.7 32.4 14.7 9.471 .024* 0.152 1.65 (0.79, 3.43) 1.95 (0.95, 4.00) 2.20 (1.08, 4.48)

Junior 195 23.1 23.1 30.3 23.6 2.887 .415 0.070 0.98 (0.55, 1.73) 0.98 (0.55, 1.73) 1.28 (0.74, 2.23)

Senior 177 27.7 20.9 22.6 28.8 3.136 .375 0.077 0.96 (0.54, 1.70) 0.73 (0.40, 1.31) 0.78 (0.44, 1.41)

Total 2,791 26.4 25.4 26.4 21.8 16.142 <0.001 0.044 1.21 (1.04, 1.41) 1.17 (1.00, 1.36) 1.21 (1.04, 1.41)

Q1: first birth quarter; Q2: second birth quarter; Q3: third birth quarter; Q4: fourth birth quarter; V, Cramer’s V; OR, odds ratio; CI, confidence intervals.

*Significant difference.
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When comparing our findings with previous research on RAE

and fencing, of which, to the best of our knowledge, there are only

two studies, some inconsistencies were revealed. Romann et al.

(10), who studied Swiss athletes, found no evidence of RAE

among Swiss male fencers, whereas our results indicate a

significant RAE in male fencers overall and specifically in two

male events (junior men’s saber and cadet men’s foil). For

female athletes, Romann et al. (10) reported the presence of RAE

only at lower competitive levels and, in contrast to our findings

—which identified RAE in the overall female sample—an inverse

RAE at higher levels of competition. Almeida-Neto et al. (21).

who examined Brazilian fencers, observed RAE in age groups

younger than the cadet category. They also observed the presence

of RAE among female cadets involved in the saber, epée, and foil

events, as well as in the male epée category, differing from the

results reported in this study. Fencing is unique among other

combat sports, in that it does not employ weight classifications.

Sports such as judo, wrestling, taekwondo, and boxing have often

been mentioned when studying RAE in combat sports; however,

to date, findings remain inconsistent. In grappling sports, such as

judo and wrestling (24), Albuquerque et al. (26) reported RAE

only in heavier Olympic judo categories, while Fukuda et al. (13),

examining Olympic and World Championship participants,

observed RAE among male athletes from cadet to senior levels

across all weight classes, and RAE in female judokas competing

in the heavy categories. Albuquerque et al. (24) identified RAE

among male wrestlers in both Greco-Roman and freestyle

disciplines. In contrast, Latyshev et al. (25) reported the absence

of RAE from cadet to senior levels. In striking sports, which rely

heavily on power and speed, as in fencing (24), the presence of

RAE is not consistent. For example, RAE was observed in

taekwondo among the top 20 Brazilian athletes (21) and at the

2018 Buenos Aires Youth Olympic Games (51); however, the

absence of RAE in a sample of Olympic athletes was attributed

to the sport’s low popularity (27). In boxing, Kim et al. (29)

reported RAE in the youth male category but not at the senior

level. In contrast, RAE was evident in both male and female

French boxers within the 14–15 year age categories, though it

was absent at the professional level (28).

Similar to our findings, several studies on combat sports have

found no association between competitive performance and the

RAE (24, 25, 28, 29). This means that coaches and supporting

staff should not overlook younger athletes when selecting for

major competitions.

4.2 Practical implications and possible
solutions

RAE is a consequence of grouping athletes based on

chronological age. In youth sports, there can be an age difference

of up to 23 months (2), as shown in the cadet age group;

however, in the junior category, it can reach a difference of 35

months, since it covers a 3-year span. Consequently, at the cadet

level, RAE should be more prevalent in male athletes, since most

of the female athletes are already mature by the age of 16–17

years, while male athletes may still be growing (52).

Despite the inconsistency of our results and the lack of

alignment with the findings of Almeida-Neto et al. (21) and

Romann and Fuchslocher (39), it remains important to alert

coaches to the topic of the RAE. Much of the research on RAE

reports a lack of stimulation among older athletes and

overstimulation at younger ages (53, 54). In fencing, training

typically involves athletes of different ages and body sizes

sparring with one another, which naturally counteracts the effects

of the RAE. However, during competitions, athletes compete

against their own age group.

One possible solution for this might be to implement a hybrid

training structure, where on some days fencers are organized

according to their biological age (bio-banding or estimated

FIGURE 3

Birth quarter distribution in junior men’s saber (a) and cadet men’s

foil (b). Note: Q1: first birth quarter; Q2: second birth quarter; Q3:

third birth quarter; Q4: fourth birth quarter; *standardized residual

≥1.96 or ≤−1.96.
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development age) (53, 55) or, since body dimensions might be

relevant to performance, according to their height. This approach

could help coaches not to overtrain athletes when they show

better results, mainly due to their size, and reduce the dropout

rate due to overtraining, injury, burnout, or even boredom (16).

4.3 Limitations and future directions

To the best of our knowledge, this is the first study focusing

exclusively on RAE within the sport of fencing. Since there is

very little or no previous research on this specific topic, this

limitation could also serve as an opportunity to identify gaps in

the literature and highlight further areas of study and

development. This study, like many others, assumes an equal

distribution of births across trimesters. While this approach is

commonly used in research involving international samples, it

may not accurately reflect real-world birth patterns, which can

vary across quarters. A valuable direction for future research

would be to analyze birth distributions on a country-by-country

basis, allowing for more accurate assessments of the RAE in

different contexts.

Our interpretation of the RAE as a causal factor may be limited

by the absence of key variables related to maturation status, such as

height and weight. The inclusion of these measures could have

provided a more accurate understanding of the role of biological

maturity on the observed patterns.

Although our primary aim was not to examine the

relationship between the RAE and competitive performance, we

addressed this relationship in the events where the RAE was

observed. Nevertheless, we believe this topic warrants further

investigation. In our findings, performance did not appear to be

related to either the athlete’s birth quarter or decimal age.

However, other factors, such as maturation, and social,

economic, political, and emotional (SEPE) influences (56),

might be important.

This study highlights that RAE is less consistent in individual

than in team sports, as stated by Baker et al. (7). The aim of our

study was to contribute to the understanding of the RAE in

fencing, as our results differ from related research. To further

understand the RAE in fencing and the results presented in this

study, further research is needed on the sport, examining the

anthropometric characteristics and physical performance, especially

strength and power, of fencers according to different weapons.

Coaches should consider the overall RAE results and provide

equal opportunities to every athlete, as this can increase their

chances of long-term success, as mentioned by Tascioglu et al.

(17). According to Gil et al. (9) and Brustio et al. (8), younger

TABLE 2 Birth quarter distribution (%) of the top eight fencers in the 2022–2023 World Fencing Championships and comparison between birth quarters.

Event N Birth quarters (%) Chi-square Odds ratio (95% CI)

Q1 Q2 Q3 Q4 x
2

P V Q1 VS. Q4 Q2 VS. Q4 Q3 VS. Q4

Female 72 20.8 33.3 26.4 19.4 3.444 .348 0.126 0.93 (0.35, 2.48) 0.58 (0.23, 1.48) 0.74 (0.29, 1.91)

Saber

Cadet 8 50.0 25.0 25.0 0.0 1.000 .744 0.204 – – –

Junior 8 0.0 62.5 25.0 12.5 3.250 .296 0.368 – 0.20 (0.01, 3.66) 0.50 (0.02, 11.09)

Senior 8 37.5 37.5 12.5 12.5 2.000 .654 0.289 0.33 (0.02, 6.65) 0.33 (0.02, 6.65) 1.00 (0.03, 29.81)

Epée

Cadet 8 0.0 12.5 12.5 75.0 6.250 .059 0.510 – 6.00 (0.34, 107.42) 6.00 (0.34, 107.42)

Junior 8 37.5 12.5 37.5 12.5 2.000 .654 0.289 0.33 (0.02, 6.65) 1.00 (0.34, 29.81) 0.33 (0.02, 6.65)

Senior 8 37.5 25.0 25.0 12.5 1.000 .962 0.204 0.33 (0.02, 6.65) 0.50 (0.02, 11.09) 0.50 (0.02, 11.09)

Foil

Cadet 8 12.5 25.0 50.0 12.5 3.000 .551 0.354 1.00 (0.03, 29.81) 0.50 (0.02, 11.09) 0.25 (0.01, 4.73)

Junior 8 12.5 37.5 25.0 25.0 1.000 .962 0.204 2.00 (0.09, 44.35) 0.67 (0.05, 9.47) 1.00 (0.06, 15.99)

Senior 8 0.0 62.5 25.0 12.5 3.250 .296 0.368 – 0.20 (0.01, 3.66) 0.50 (0.02, 11.09)

Male 72 16.7 30.6 34.7 18.1 7.000 .074 0.180 1.08 (0.39, 3.01) 0.59 (0.23, 1.52) 0.52 (0.20, 1.33)

Saber

Cadet 8 12.5 37.5 25.0 25.0 1.000 .962 0.204 2.00 (0.09, 44.35) 0.67 (0.05, 9.47) 1.00 (0.06, 15.99)

Junior 8 37.5 0.0 50.0 12.5 1.750 .552 0.270 0.33 (0.02, 6.65) – 0.25 (0.01, 4.73)

Senior 8 12.5 12.5 37.5 37.5 2.000 .654 0.289 3.00 (0.15, 59.89) 3.00 (0.15, 59.89) 1.00 (0.08, 12.56)

Epée

Cadet 8 25.0 25.0 25.0 25.0 0.000 1.000 0.000 1.00 (0.06, 15.99) 1.00 (0.06, 15.99) 1.00 (0.06, 15.99)

Junior 8 25.0 62.5 12.5 0.0 3.250 .296 0.368 – – –

Senior 8 12.5 37.5 50.0 0.0 1.750 .552 0.270 – – –

Foil

Cadet 8 12.5 25.0 50.0 12.5 3.000 .551 0.354 1.00 (0.03, 29.81) 0.50 (0.02, 11.09) 0.25 (0.01, 4.73)

Junior 8 12.5 37.5 25.0 25.0 1.000 .962 0.204 2.00 (0.00, 44.35) 0.67 (0.05, 9.47) 1.00 (0.06, 15.99)

Senior 8 0.0 37.5 37.5 25.0 0.250 1.000 0.102 – 0.67 (0.05, 9.47) 0.67 (0.05, 9.47)

Total 144 18.8 31.9 30.6 18.8 9.056 .029 0.145 1.00 (0.49, 2.03) 0.587 (0.30, 1.14) 0.614 (0.32, 1.19)

Q1: first birth quarter; Q2: second birth quarter; Q3: third birth quarter; Q4: fourth birth quarter; V, Cramer’s V; CI, confidence intervals. When no athletes were present in a given birth quarter,

the odds ratio and its 95% CI could not be calculated.

*Significant difference.
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athletes (those born later in the year) who are given the

opportunity have a higher chance of a successful transition to the

senior level. By taking the RAE into account, coaches can more

easily ensure equal playing opportunities for all athletes, tailor

training with appropriately challenging exercises for both older

and younger fencers, and postpone talent selection (16, 53, 54),

thereby helping to mitigate the RAE.

5 Conclusions

Although the RAE was present in the overall sample and when

analyzed by sex, it was not consistently observed across individual

World Championships events, except for junior men’s saber and

cadet men’s foil. This suggests causality may partially explain the

observed RAE, making its presence in each event uncertain.

The complexity of findings in individual sports, combined

with the limited research on fencing, makes it difficult to

understand the significance of RAE in this sport. However, it is

important to recognize that coaches can benefit from considering

the relative age of athletes. Further research is needed to draw

more definitive conclusions.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Author contributions

FB: Conceptualization, Methodology, Writing – original draft,

Writing – review & editing. JV: Writing – original draft,

Writing – review & editing. JT: Formal analysis, Methodology,

Supervision, Writing – original draft, Writing – review & editing.

LF: Methodology, Writing – original draft, Writing – review &

editing. XI: Writing – original draft, Writing – review & editing.

MIF: Supervision, Writing – original draft, Writing – review

& editing.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. FB, JT, MIF were

funded by Fundação para a Ciência e a Tecnologia (FCT), grant

number 2023.05163.BD, doi: 10.54499/2023.05163.BD and UIDB/

00447/2020, attributed to CIPER–Centro Interdisciplinar para o

Estudo da Performance Humana (unit 447; doi: 10.54499/UIDB/

00447/2020).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. FIE - International Fencing Federation. International Fencing Federation. (2023)
Available at: https://fie.org/ (Accessed April 30, 2024).

2. Barreira J, Bueno B, Chiminazzo JGC. Relative age effect and age of peak
performance: an analysis of women’s football players in the Olympic games (1996–
2016). Motriz: Revista de Educação Física. (2021) 27:e1021006921. doi: 10.1590/
S1980-65742021006921

3. Vincent J, Glamser FD. Gender differences in the relative age effect among US
Olympic development program youth soccer players. J Sports Sci. (2006)
24(4):405–13. doi: 10.1080/02640410500244655

4. Lagestad P, Steen I, Dalen T. Inevitable relative age effects in different stages of the
selection process among male and female youth soccer players. Sports (Basel). (2018)
6(2):29. doi: 10.3390/sports6020029

5. Barnsley R, Thompson A. Birthdate and success in minor hockey: the key to the
NHL. Can J Behav Sci. (1988) 20:167–76. doi: 10.1037/h0079927

6. Hancock DJ, Adler AL, Côté J. A proposed theoretical model to explain relative age
effects in sport. Eur J Sport Sci. (2013) 13(6):630–7. doi: 10.1080/17461391.2013.775352

7. 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. doi: 10.1080/17461391.2012.671369

8. 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. doi: 10.1080/
02640414.2023.2245647

9. Gil SM, Bidaurrazaga-Letona I, Larruskain J, Esain I, Irazusta J. The relative age
effect in young athletes: a countywide analysis of 9–14-year-old participants in all
competitive sports. PLoS One. (2021) 16(7):e0254687. doi: 10.1371/journal.pone.
0254687

10. Romann M, Rössler R, Javet M, Faude O. Relative age effects in Swiss talent
development - a nationwide analysis of all sports. J Sports Sci. (2018)
36(17):2025–31. doi: 10.1080/02640414.2018.1432964

11. Musch J, Grondin S. Unequal competition as an impediment to personal
development: a review of the relative age effect in sport. Dev Rev. (2001)
21(2):147–67. doi: 10.1006/drev.2000.0516

12. Pedersen AV, Aune TK, Dalen T, Lorås H. Variations in the relative age effect
with age and sex, and over time-elite-level data from international soccer world cups.
PLoS One. (2022) 17(4):e0264813. doi: 10.1371/journal.pone.0264813

13. Fukuda DH, Lopes-Silva JP, Takito MY, Franchini E. Relative age effect in judo
competitions: influence of age, weight category, sex, and time frames. Percept Mot
Skills. (2023) 130(3):1168–84. doi: 10.1177/00315125231165170

Bonito et al. 10.3389/fspor.2025.1588316

Frontiers in Sports and Active Living 08 frontiersin.org

https://doi.org/10.54499/2023.05163.BD
https://doi.org/10.54499/UIDB/00447/2020
https://doi.org/10.54499/UIDB/00447/2020
https://fie.org/
https://doi.org/10.1590/S1980-65742021006921
https://doi.org/10.1590/S1980-65742021006921
https://doi.org/10.1080/02640410500244655
https://doi.org/10.3390/sports6020029
https://doi.org/10.1037/h0079927
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2012.671369
https://doi.org/10.1080/02640414.2023.2245647
https://doi.org/10.1080/02640414.2023.2245647
https://doi.org/10.1371/journal.pone.0254687
https://doi.org/10.1371/journal.pone.0254687
https://doi.org/10.1080/02640414.2018.1432964
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1371/journal.pone.0264813
https://doi.org/10.1177/00315125231165170
https://doi.org/10.3389/fspor.2025.1588316
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


14. Lorenzo-Calvo J, de la Rubia A, Mon-López D, Hontoria-Galán M, Marquina M,
Veiga S. Prevalence and impact of the relative age effect on competition performance
in swimming: a systematic review. Int J Environ Res Public Health. (2021)
18(20):10561. doi: 10.3390/ijerph182010561

15. Brazo-Sayavera J, Martínez-Valencia MA, Müller L, Andronikos G, Martindale RJJ.
Relative age effects in international age group championships: a study of Spanish track
and field athletes. PLoS One. (2018) 13(4):e0196386. doi: 10.1371/journal.pone.0196386

16. 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. doi: 10.2165/00007256-200939030-00005

17. Tascioglu R, Atalag O, Yuksel Y, Kocaeksi S, Güven G, Akyildiz Z, et al. Relative
age effect and performance in elite youth male basketball. Sci Rep. (2023) 13(1):4544.
doi: 10.1038/s41598-023-31785-4

18. Mon-López D, Tejero-González CM, de la Rubia Riaza A, Calvo JL. Pistol and
rifle performance: gender and relative age effect analysis. Int J Environ Res Public
Health. (2020) 17(4):1365. doi: 10.3390/ijerph17041365

19. Langham-Walsh E, Gottwald V, Hardy J. Relative age effect? No “flipping” way!
apparatus dependent inverse relative age effects in elite, women’s artistic gymnastics.
PLoS One. (2021) 16(6):e0253656. doi: 10.1371/journal.pone.0253656

20. Parlebas P, Unisport A. Elementos de Sociología del Deporte. Málaga:
Universidad Internacional Deportiva de Andalucía, Junta de Andalucía (1988).

21. Almeida-Neto PF, Neto RB, Medeiros I, Oliveira FCS, Oliveira Filho AG, Matos
DG, et al. Relative age effect in elite Brazilian athletes in different combat sports: an
observational study. Sport Sci Health. (2023) 19(1):113–21. doi: 10.1007/s11332-022-
01007-x

22. Roi GS, Bianchedi D. The science of fencing. Sports Med. (2008) 38(6):465–81.
doi: 10.2165/00007256-200838060-00003

23. Zháněl J, Válek T, Bozděch M, Agricola A. The relative age effect in top 100 elite
female tennis players in 2007–2016. PLoS One. (2022) 17(11):e0276668. doi: 10.1371/
journal.pone.0276668

24. Albuquerque MR, Costa VT, Faria LO, Lopes MC, Lage GM, Sledziewski D, et al.
Weight categories do not prevent athletes from relative age effect: an analysis of
Olympic games wrestlers. Arch Budo. (2014) 10:127–32.

25. Latyshev M, Tropin Y, Podrigalo L, Boychenko N. Analysis of the relative age effect
in elite wrestlers. IDO Movement for Culture J Martial Arts Anthrop. (2022) 22(3):28–32.

26. Albuquerque MR, Tavares V, Lage GM, de Paula JJ, da Costa IT, Malloy-Diniz
LF. Relative age effect in Olympic judo athletes: a weight category analysis. Sci Sports.
(2013) 28(3):e59–61. doi: 10.1016/j.scispo.2012.09.004

27. Albuquerque MR, Lage GM, da Costa VT, Ferreira RM, Penna EM, Moraes LC,
et al. Relative age effect in Olympic taekwondo athletes. Percept Mot Skills. (2012)
114(2):461–8. doi: 10.2466/05.25.PMS.114.2.461-468

28. Delorme N. Do weight categories prevent athletes from relative age effect?
J Sports Sci. (2014) 32(1):16–21. doi: 10.1080/02640414.2013.809470

29. Kim V, Lee P, Ryan G, Edward T, Nicholls SB. Relative age effect in male and
female elite international amateur boxing. J Sports Sci. (2024) 42(19):1806–11.
doi: 10.1080/02640414.2024.2413722

30. Babić M, Macan I, Bešlija T, Kezić A, Tomljanović M, Subašić L, et al. Relative
age effect and gender differentiation within sport: a systematic review. Acta
Kinesiologica. (2022) 16:20–9. doi: 10.51371/issn.1840-2976.2022.16.1.3

31. Albuquerque MR, Fukuda DH, Da Costa VT, Lopes MC, Franchini E. Do weight
categories prevent athletes from the relative age effect? A meta-analysis of combat
sports. Sport Sci Health. (2016) 12(2):133–9. doi: 10.1007/s11332-016-0282-0

32. Meyer V, Rosnet E, Guérin V, Hornus-Dragne D, Dedieu P, Poussel M.
L’escrime: « en garde ! Êtes-vous prêts? Allez ! ». Sci Sports. (2017) 32(3):169–78.
doi: 10.1016/j.scispo.2017.04.001

33. Turner A, James N, Dimitriou L, Greenhalgh A, Moody J, Fulcher D, et al.
Determinants of Olympic fencing performance and implications for strength and
conditioning training. J Strength Cond Res. (2014) 28(10):3001–11. doi: 10.1519/JSC.
0000000000000478

34. Tsolakis C, Vagenas G. Anthropometric, physiological and performance
characteristics of elite and sub-elite fencers. J Hum Kinet. (2010) 23:89–95. doi: 10.
2478/v10078-010-0011-8

35. Tsolakis C, Kostaki E, Vagenas G. Anthropometric, flexibility, strength-power,
and sport-specific correlates in elite fencing. Percept Mot Skills. (2010) 110
(3 Suppl.):1015–28. doi: 10.2466/pms.110.C.1015-1028

36. Turner A, Miller S, Stewart P, Cree J, Ingram R, Dimitriou L, et al. Strength and
conditioning for fencing. Strength Cond J. (2013) 35(1):64–72. doi: 10.1519/SSC.
0b013e31826e7283

37. Ntai A, Zahou F, Paradisis G, Smirniotou A, Tsolakis C. Anthropometric
parameters and leg power performance in fencing. Age, sex and discipline related
differences. Sci Sports. (2017) 32(3):135–43. doi: 10.1016/j.scispo.2016.06.011

38. Tsolakis C, Bogdanis G, Vagenas G. Anthropometric profile and
limb asymmetries in young male and female fencers. J Hum Mov Stud. (2006)
50:201–15.

39. Romann M, Fuchslocher J. The need to consider relative age effects in women’s
talent development process. Percept Mot Skills. (2014) 118(3):651–62. doi: 10.2466/30.
10.PMS.118k24w8

40. Delorme N, Champely S. Relative age effect and chi-squared statistics. Int Rev
Sociol Sport. (2015) 50(6):740–6. doi: 10.1177/1012690213493104

41. Sheskin DJ. Handbook of Parametric and Nonparametric Statistical Procedures.
5th edn. New York: Taylor and Francis Group (2011).

42. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd edn. New
York: Routledge (1988).

43. Fragoso I. Morfologia e Crescimento. 3rd edn. Cruz-Quebrada, Portugal:
Faculdade Motricidade Humana (2024).

44. Lidor R, Maayan Z, Arnon M. Relative age effect in 14- to 18-year-old athletes
and their initial approach to this effect-has anything changed over the past 10 years?
Front Sports Act Living. (2021) 3:622120. doi: 10.3389/fspor.2021.622120

45. 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. doi: 10.1007/s40279-018-0890-8

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

47. Iglesias X, Rodríguez F. Consumo de oxígeno estimado y gasto energético
en competiciones de esgrima. Apunts: Educación Física y Deportes. (1999)
(55):35–46.

48. Iglesias X, Rodríguez F. Consumo de oxígeno en asaltos de esgrima valoracación
directa y validación de un método de estimación. Apunts: Medicina de L’esport. (2000)
35:29–36.

49. Morris N, Farnsworth M, Robertson D. Kinetic analyses of two fencing attacks—
lunge and fleche. ISBS-Conference Proceedings Archive; Porto (2011).

50. Joyner PW, Lewis JS, Dawood RS, Mallon WJ, Kirkendall DT, Garrett WE Jr.
Relative age effect: beyond the youth phenomenon. Am J Lifestyle Med. (2020)
14(4):429–36. doi: 10.1177/1559827617743423

51. 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. (2024) 12(8):215. doi: 10.3390/sports12080215

52. Bogin B. Patterns of Human Growth. New York, NY: Cambridge University
Press (1988). p. 267.

53. Cumming S, Lloyd R, Oliver J, Eisenmann J, Malina R. Bio-banding in
sport: applications to competition, talent identification, and strength and
conditioning of youth athletes. Strength Cond J. (2017) 39:34–47. doi: 10.1519/
SSC.0000000000000281

54. Malina RM, Cumming SP, Rogol AD, Coelho ESMJ, Figueiredo AJ, Konarski
JM, et al. Bio-Banding in youth sports: background, concept, and application. Sports
Med. (2019) 49(11):1671–85. doi: 10.1007/s40279-019-01166-x

55. Helsen WF, Thomis M, Starkes JL, Vrijens S, Ooms G, MacMaster C, et al.
Leveling the playing field: a new proposed method to address relative age- and
maturity-related bias in soccer. Front Sports Act Living. (2021) 3:635379. doi: 10.
3389/fspor.2021.635379

56. Bogin B. Social-Economic-Political-Emotional (SEPE) factors regulate human
growth. Hum Biol Public Health. (2021) 1:1–20. doi: 10.52905/hbph.v1.10

Bonito et al. 10.3389/fspor.2025.1588316

Frontiers in Sports and Active Living 09 frontiersin.org

https://doi.org/10.3390/ijerph182010561
https://doi.org/10.1371/journal.pone.0196386
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.1038/s41598-023-31785-4
https://doi.org/10.3390/ijerph17041365
https://doi.org/10.1371/journal.pone.0253656
https://doi.org/10.1007/s11332-022-01007-x
https://doi.org/10.1007/s11332-022-01007-x
https://doi.org/10.2165/00007256-200838060-00003
https://doi.org/10.1371/journal.pone.0276668
https://doi.org/10.1371/journal.pone.0276668
https://doi.org/10.1016/j.scispo.2012.09.004
https://doi.org/10.2466/05.25.PMS.114.2.461-468
https://doi.org/10.1080/02640414.2013.809470
https://doi.org/10.1080/02640414.2024.2413722
https://doi.org/10.51371/issn.1840-2976.2022.16.1.3
https://doi.org/10.1007/s11332-016-0282-0
https://doi.org/10.1016/j.scispo.2017.04.001
https://doi.org/10.1519/JSC.0000000000000478
https://doi.org/10.1519/JSC.0000000000000478
https://doi.org/10.2478/v10078-010-0011-8
https://doi.org/10.2478/v10078-010-0011-8
https://doi.org/10.2466/pms.110.C.1015-1028
https://doi.org/10.1519/SSC.0b013e31826e7283
https://doi.org/10.1519/SSC.0b013e31826e7283
https://doi.org/10.1016/j.scispo.2016.06.011
https://doi.org/10.2466/30.10.PMS.118k24w8
https://doi.org/10.2466/30.10.PMS.118k24w8
https://doi.org/10.1177/1012690213493104
https://doi.org/10.3389/fspor.2021.622120
https://doi.org/10.1007/s40279-018-0890-8
https://doi.org/10.1080/02640410802233034
https://doi.org/10.1177/1559827617743423
https://doi.org/10.3390/sports12080215
https://doi.org/10.1519/SSC.0000000000000281
https://doi.org/10.1519/SSC.0000000000000281
https://doi.org/10.1007/s40279-019-01166-x
https://doi.org/10.3389/fspor.2021.635379
https://doi.org/10.3389/fspor.2021.635379
https://doi.org/10.52905/hbph.v1.10
https://doi.org/10.3389/fspor.2025.1588316
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Relative age effect in the 2022–2023 World Fencing Championships
	Introduction
	Materials and methods
	Study design
	Data collection
	Participants
	Statistical analyses

	Results
	Discussion
	General discussion
	Practical implications and possible solutions
	Limitations and future directions

	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


