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Abstract
Background Relative Age Effects (RAE) refer to the effects of age differences among individuals who have been grouped

& Study Aim:  together. This study aimed is knowledge about RAE in Olympic Games wrestlers to analyse its effects on all

athletes, styles, and medallists, considering males and females separately.
Material & Methods: The names and birthdates of the Olympic wrestlers were collected from open-access websites. In this study,
we analysed male and female competitors separately.
Results: 'The main results of this investigation were the presence of RAE in all styles, freestyle medallists, and freestyle
main medalling countries, only in male athletes.

Conclusions: 'Thus, in a selected group of wrestlers who had participated at the highest competitive level, RAE were in
all styles, only in male athletes. In addition, our data suggest that RAE cannot be eliminate only by weight
categories.
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Sport psychology — is an
interdisciplinary science that
draws on knowledge from
many related fields including
biomechanics, physiology,
kinesiology and psychology.
It involves the study of

how psychological factors
affect performance and how
participation in sport and
exercise affect psychological and
physical factors [35]

Wrestling — sport in which two
contestants fight by gripping
each other using special holds,
each trying to force the other’s
shoulders onto a mat [36]

Freestyle wrestling — is a style
of amateur wrestling that is
practiced throughout the world.
Along with Greco-Roman, it is
one of the two styles of wrestling
contested in the Olympic games

Freestyle — adjective used for
describing events in such sports
as figure skating, surfing and
downbhill skiing in which any
manoeuvre can be performed,
with the contestants judged on
their athleticism, technique and
artistry [36]

INTRODUCTION

Many sports use a cut-off criterion to group youth
participants into age categories. The primary propose
is to provide appropriate development, fair competi-
tion, and equal opportunity [1]. In a system with a
cut-off date of January 1%, a child who was born in
January 1* is grouped with children born in December
31%. However, children who were born on January
1** may have an advantage of up to 364 days in cog-
nitive and physical development when compared to
other children who were born on December 31%, as
both groups would be placed in the same age category
[2]. These differences in age between individuals who
have been grouped together for some performance
activity have been extensively investigated in sports
sciences literature and are called Relative Age Effects
(RAE) [3].

During adolescence, there is considerable variation
in the growth and biological maturity of individuals
within the same chronological age [4]. Meanwhile,
the effects tend to decline from childhood to the end
of adolescence, since physical maturation varies less in
early adulthood [5]. Although the differences between
individuals decrease with time, the consequences of
relative age effects in young athletes seem to contin-
uously affect the development of athletes in older cat-
egories [6], as several studies have reported relative
age effects in professional athletes [7, 8].

Additionally, other important aspects seem to be
involved in relative age effects. For example, athletes
that are offered more opportunities to participate in
sports competitions can enhance their psychological,
technical and tactical abilities, which are important
characteristics in athletic development. Furthermore,
they will receive more resources during their careers,
which will result in enhanced success at the highest
competitive levels. Thus, younger athletes (i.e., those
who were born closer to December 31st) may be less
developmentally mature, which may be a disadvan-
tage in terms of functional capacities when compared
to more developmentally mature athletes (i.e., those
who were born closer to January 1st). Such differences
in younger individuals seem to continuously affect the
development of athletes in older categories [7, 9, 10].

Some authors [1, 11, 12] have suggested the elimi-
nation of relative age effects. The proposal to elim-
inate relative age effects is based on a competitive
class based on weight categories, especially in the
youth categories. Thus, for Musch and Grondin [1],
Albuquerque et al. [11], and Delorme [13], com-

bat sports are an interesting model to explore the

mechanisms that explain relative age effects, with
the primary purpose of seeking new alternatives to
eliminate this effect.

To the best of our knowledge, only the following
three studies have specifically investigated this topic
in combat sports: Albuquerque et al. [10] investi-
gated tackwondo athletes; Delorme [13] analysed
amateur and professionals boxers; and Albuquerque
et al. [9] analysed judo athletes from different weight
categories. Albuquerque et al. [11] and Delorme
[13] did not find relative age effects in Olympic
tackwondo athletes and amateur and profession-
als boxers, respectively, including in analyses that
were separately conducted for male and female ath-
letes. The major hypothesis proposed to explain the
absence of relative age effects in tackwondo was
based on appropriate criteria (age, level or belt and
body mass), which grouped young participants into
competitive categories [11], while Delorme [13]
attributed this result to the weight categories cri-
teria. Musch and Grondin [1] and Delorme [13]
argued that in wrestling and boxing, competitive
classes based on weight categories turn out to be a
sensible solution to prevent relative age effects in
these sports. Nevertheless, Albuquerque et al. [9]
found relative age effects in Olympic judo athletes,
but only in heavier athletes. In this case, the hypoth-
esis proposed by Albuquerque et al. [11], Musch and
Grondin [1] and Delorme [13] about combat sports
(weight categories) was not applicable to the judo
athletes from the heavyweight category. The expla-
nation for these results is based on the physical
demands required by heavy judo athletes during the
combat and by the absence of an upper body mass
limit in this weight category, which may result in
bigger, more matured and stronger athletes being

in advantage.

In addition, Musch and Grondin [1] suggested that
relative age effects exist in almost every competitive
sport. Competitiveness is influenced by the number of
athletes available to participate in the sport, which is
dependent on the sports’ popularity in a given country.
In this line, Albuquerque et al. [11] argued that tae-
kwondo is a relatively new Olympic sport and a grow-
ing number of countries and athletes will increase the
level of competition. Although judo, tackwondo and
wrestling are similar in several aspects, including the
selection processes (chronological age, and weight
categories), judo and wrestling participation in the
Olympic Games is longer, compared to tackwondo.
Thus, the hypothesis that the increased selection com-
petition is a necessary condition to the occurrence of
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relative age effects [1] emerged as a hypothesis to
explain the different results found in judo and tae-
kwondo Olympic athletes [9, 11].

Wirestling is a Olympic combat sport which goal is
winning by fall or by achieving lead according to the
technical points scored [14]. Nowadays, two wres-
tling styles are included in Olympic Games: Greco-
Roman, in which only upper body attacks are allowed,
and freestyle, in which upper and lower body tech-
niques are used [14]. Furthermore, wrestling has been
described as an intermittent physical combat sport
based on a weight class system, which relies on great
strength and muscle power demands on both the
upper and lower body, with high anaerobic energy
metabolism requirements [15, 16]. In addition, wres-
tling is a sport combat sports which provide the most
direct contact with an opponent [17].

Thus, wrestling seems to be an interesting model
to explore the mechanisms that explain relative
age effects in combat sports, as they according to
Delorme et al. [18], relative age effects has been
observed in sports where physical attributes such as
body mass, height, and strength are highly important.
Also, Delorme et al. [19] believed that in high contact
sports (e.g. soccer and handball) where physical attri-
butes are strong determinants of success the relative
age effects could be observed. Hence, this study aimed
is knowledge about RAE in Olympic Games wres-
tlers to analyse its effects on all athletes, styles, and
medallists, considering males and females separately.

MATERIAL AND METHODS

Data Collection

The names and birthdates of the Olympic wrestlers
were collected from open-access Internet websites and
there were no ethical issues involved in the analysis
and interpretation of the data used, as these data were
obtained in secondary form and were not obtained by
experimentation. The use of open-access or Internet
data in relative age effects studies has previously been
described in other studies [7,9,11,20]. In addition, the
athletes’ personal identification was replaced by a code
to ensure anonymity and confidentiality. A total of
3,938 Olympic wrestlers were included in this study,
and their birth date information was collected. Several
athletes had participated in more than one Olympic
Games edition and, in some cases, had competed in
different weight categories. In this study, we chose
to use the athlete’s first participation in the Olympic
Games to avoid repeated data. In addition, due to
the numerous changes occurred in wrestling weight
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categories over time in Olympic Games, there were
no conditions to analyse these data.

Procedure

A traditional approach to investigate relative age
effects is to use four quarters (Q1 — January to March;
Q2 — April to June; Q3 — July to September and Q4
— October to December) for data analysis [2, 7, 9,
11,21].

Statistical analyses

Chi-square tests were performed on the birthdates of
each athlete within each quarter to determine the sig-
nificance of the deviations from the expected num-
ber. Condon and Scaglion [22] demonstrated that the
births are not evenly distributed along the year and
are affected by environmental zones and cultural fac-
tors. However, similar to other studies on relative age
effects [7,9, 11,21, 23], the sample consisted of inter-
national (from different cultural and environmental
zones) athletes, and the expected values were calcu-
lated on the basis of the assumption of an even dis-
tribution of births throughout each half of the year
because “this strategy was frequently used when the
research concerns an international sample” [21].

Odds ratio (OR) analyses were also performed in
order to determine the probability of relative age
effects occurrence. OR and 95% confidence inter-
vals (CI) were calculated by comparing quarters to
Q4 (i.e. Q1 versus Q4, Q2 versus Q4, and Q3 versus
Q4). These procedures are effective in showing par-
ticipation inequalities and the probability of relative
age effects occurrence [12, 13].

These tests were used to identify where relative age

effects became established. Statistical significance was
set at P < 0.05 for all tests.

REsurrs

The Chi-square goodness-of-fit test showed that the
observed distribution in all females was not statisti-
cally different (Table 1). However, the observed dis-
tribution of birthdates was statistically different from
the expected distribution in male freestyle wrestling
athletes (x? @ = 20.260; p < 0.001), and in medallists
()(2(3) = 8.405; p = 0.038) (Table 2).

In the Greco-Roman athletes, the Chi-square good-
ness-of-fit test showed that the observed distribu-
tion of birthdates was statistically different from the
expected distribution only in male Greco-Roman ath-

letes () = 15.310; p = 0.002) (Table 3).
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Table 1: Chi-Square values and related probabilities between the observed and expected age frequencies for female freestyle athletes

, OR(Cl) OR(Cl) OR(Cl)
Q1 Q@ Q3 04 Total P Q1vs Q4 02vs Q4 Q3vsQ4
37 3 B 3 112 1.00 130
AiAthletes (053000 (2260%)  (2045%) (2600 ¥ 184 807 o516 (051195 (0.68-2.48)
I 5 7 7 1.00 0.71 1.00
Medallists ()6 200)  (193%)  (2620%)  (2620%) %0 046 927 (920453 (015347)  (0.22-453)

Table 2: Chi-Square values and related probabilities between the observed and expected age frequencies for male freestyle athletes.

OR(Cl) OR(Cl) OR(Cl)
u @ © o Total ¥’ P Q1vs Q4 Q2vs Q4 Q3 vs Q4
559 08 46 457 12 0.94 101
AiAthletes 593300 (2245%)  (424%) (23.98%) 00 2026 <001 )46 (078112 (0.84-121)
R 67 85 80 130 0.84 1.06
Medallists 30050 (19.04%)  (25.30%) (2381%) ¢ 841 38 (geriog  (054131)  (0.69-1.63)
p< 005

Table 3: Chi-Square values and related probabilities between the observed and expected age frequencies for male Greco-Roman athletes.

Q1 Q 03 04 Total P 8:‘(\/(:)04 85(2)04 35(5:)04
NNt oo (sosw) (e @asse S I 02 G @7113) 001
Medalists  Ouoso)  (name 2eW) Qain B 20 AV i Gsmie) (055149
p< 0.05

DiscussioN

In previous combat sports studies [9, 11], the results
were not consistent. Albuquerque et al. [11] and
Delorme [13] did not find relative age effects in tae-
kwondo and boxing athletes, respectively. However,
Albuquerque et al. [9] reported relative age effects in
heavyweight judo athletes. The explanation proposed
by the authors was the relationship between the specific
technical characteristics in the heavyweight category.
Van Rossum [24] argued that the absence of relative
age effects may be explained by the more important role
of technical skills related to physical demand. Thus, the
major results reported by Albuquerque et al. [9] dem-
onstrated that in combat sports, weight categories were
required to be separately investigated. Unfortunately,
due to the numerous changes that have occurred in
wrestling weight categories over the years in Olympic
Games, it was not possible to analyze the data of the
present study considering the different weight cate-
gories. Despite this limitation, our study showed that
the wrestling styles, which do not have different phys-
ical characteristics [25-28] seem to affect relative age
effects. Delorme et al. [18] hypothesised that rela-
tive age effects is observed in sports in which physi-
cal attributes such as body mass, height, and strength

play a key role. Several previous studies [15, 16, 29]
have demonstrated that wrestling is an intermittent
physical event that requires great strength and mus-
cle power demands on both the upper and lower body,
with high anaerobic energy demand. Thus, in previous
combat sports studies, the results were not consistent.
One possible explanation is based on the physical attri-
butes in each sports activity. For example, wrestling and
judo are grappling combat sports and seem to require
more glycolytic contribution and static strength than
striking combat sports such as tackwondo and boxing
[30-33]. Thus, higher maximal strength and body mass
are considered more important for grappling combat
sports than for striking combat sports, in which speed
and muscle power seem to be more important for com-
petitive performance. Additionally, the study conducted
by Delorme [13] investigated mostly young athletes. At
this life stage, the most mature are being selected but
relative age effects is not detectable yet, as the better
opportunities these athletes are receiving will be notice-

able during adulthood.

According to Musch and Grondin [1], the strongest
evidence for relative age effects exists in the most com-

petitive sports when the sport’s popularity in a given
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country is high, which consequently leads to increased
competitiveness. Thus, in countries where the compet-
itive level is high, relative age effects preventive care
should be intensified, mainly in male athletes.

In addition, Albuquerque and his colleagues [11]
argued that tackwondo is a relatively new Olympic
sport and a growing number of countries and athletes
will increase the competitiveness level. Although judo,
wrestling, boxing and tackwondo are similar in several
aspects, including the selection processes (chronologi-
cal age and weight categories), judo and wrestling have
been included in the Olympic Games earlier than tae-
kwondo, especially for male athletes, who have pre-
sented relative age effects. Moreover, female wrestling
and judo competitions are relatively new Olympic
sports [11] and no relative age effects was found.

Another assumption can be made to explain the
absence of relative age effects in female athletes,
besides the fact that this is a relatively new Olympic
sport. The earlier and lower variability in the matu-
rity status in girls, when compared to boys, may be
an important mechanism to explain the lack of rela-
tive age effects in females [34]. Most likely, the paths
taken by individuals of both sexes during the athletic
development process are different. Thus, relative age
effects seems to have stronger effect on male wrestlers.

Rodrigues Albuquerque M et al. - Weight categories do not prevent athletes...

Finally, similarly to other studies whose data were
obtained from a variety of different countries, the
limitation of the present study is related to its sam-
ple. Thus, the other expected distributions could not
be used [21]. This adjustment is important because
the births are never evenly distributed along the year
and are affected by environmental zones and cul-
tural factors.

CONCLUSIONS

The relative age effects phenomenon was found at
least to some degree in almost all sports. The con-
tradictory results obtained in the studies involving
combat sports participants show that the current
knowledge on the mechanisms explaining the
presence or absence of relative age effects in com-
bat sports still needs to be improved. Considering
that competitiveness is probably a major factor in
the development of relative age effects and that
weight-categorized sports turned out to be a sen-
sible solution to eliminate the relative age effects
effect [11,13] and reduce the number of disadvan-
tages of athletes in younger categories, our data sug-
gest that relative age effects cannot be eliminated
only by the addition of weight categories, at least
in wrestling, which classifies athletes according to
their body mass.
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