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ABSTRACT 
 
This study aims to examine sex-based age differences in the Norwegian top soccer league, the relationship 
between age and performance level, and the presence of the relative age effect (RAE) in the same population 
of players. Players’ birthdates were obtained from publicly available databases, and the total sample 
comprised 663 players (231 women, 432 men) from 26 teams (10 women’s teams and 16 men’s teams). For 
the RAE analyses, birth months were categorised in birth quartiles: Q1: January–March, Q2: April–June, Q3: 
July–September, Q4: October–December. The median age of the players was significantly lower for women 
than for men [22.1 (15.0–38.2) vs. 24.5 (15.5–38.4) p < .001]. A very large correlation between the median 
age of the team and the team performance was found in the women’s league (rs(10) = -0.72, p = .019), while 
no correlation was found in the men’s league (rs(16) = 0.22, p = .405). Chi-square analysis showed a 
difference between the observed and expected birth quartile distributions for the total sample, male players, 
and female players (p < .05). The lower age observed for the women than for the men indicates the need to 
prolong female players’ careers through greater support, allowing them to reach their performance potential. 
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INTRODUCTION 
 
Soccer is among the most popular sports worldwide and also in the Nordic countries. The sport imposes high 
demands on the players’ physical capacity, technical and tactical qualities and is characterised by periods of 
high-speed running interspersed by low-intensity activity such as walking and jogging (Bangsbo, Mohr, & 
Krustrup, 2006; Bradley, Di Mascio, Peart, Olsen, & Sheldon, 2010). Although considerable variation within 
and across sports in the amounts of training and time required to reach an elite level has been reported(Rees 
et al., 2016), most studies agree that a relatively long period (10–15 years) of dedicated training is necessary 
to reach an elite level (Ericsson, 2020; Rees et al., 2016). Therefore, the possibility of long-term training and 
performance development is likely also a prerequisite to reach peak performance in soccer. Accordingly, the 
age of peak performance for male soccer players has been reported to be between 25 and 27 years (Dendir, 
2016) with an aging trend recently observed among male Champions League players (Kalén, Rey, de Rellán-
Guerra, & Lago-Peñas, 2019). However, there is a lack of comparable data on female soccer players. 
 
Although female soccer has made considerable progress in recent decades, there are still significant sex-
based differences in factors such as financial resources and media attention compared with male soccer 
(Morra, LaMorte, & Rojas, 2015). The dropout rates from soccer are also reported to be higher among girls 
than among boys (Deelen, Ettema, & Kamphuis, 2018; Møllerløkken, Lorås, & Pedersen, 2015). An 
interesting question is therefore whether a lower proportion of female soccer players than male soccer players 
are able to continue their careers sufficiently long to reach their age of peak performance. A previous study 
investigating the age and performance level of female soccer players during the London 2012 Olympic 
Games found that the highest-performing teams also had the highest average ages, whereas the teams that 
did not qualify for the quarter-finals were significantly younger (Barreira, 2016). The authors highlighted the 
need to prolong female players’ careers through greater support, allowing them to reach their performance 
potential (Barreira, 2016). However, the data are relatively old, and there is a lack of information about sex-
based age differences in performance-matched male and female elite soccer players. 
 
Another interesting age-related factor is the relative age effect (RAE). The RAE has been demonstrated in 
several sports over the last thirty years and refers to an asymmetry in the birthdate distribution, with more 
players being born early in the year and fewer players being born late in the year (Musch & Grondin, 2001). 
The causes of the RAE have been suggested to be multifactorial, including a combination of physical, 
cognitive, emotional and social factors (Musch & Grondin, 2001). In soccer the RAE has been observed in 
both youth and senior players and at different performance levels (e.g., recreational to elite) (Brustio et al., 
2018; Pedersen, Aune, Dalen, & Lorås, 2022; Sarmento, Anguera, Pereira, & Araújo, 2018). The most 
common explanation of the RAE in soccer is that a higher chronological age is accompanied by physical and 
anthropometrical factors (e.g., height, strength and endurance) providing a performance advantage (Lovell 
et al., 2015). Furthermore, soccer is a popular sport with many participants and strong competition for places 
in higher ranked teams. Some studies indicate that the RAE is less pronounced among female athletes than 
in male athletes (Hill, Scott, Malina, McGee, & Cumming, 2020). This could be due to the approximately two-
year earlier onset of puberty in females, leading to smaller physiological differences among girls than among 
boys at the time when the strictest selection regimes start (Smith et al., 2018). Another factor is the lower 
number of female players than male players; in sports with fewer participants, the competition is less intense 
and the selection starts later, thereby reducing the RAE (Musch & Grondin, 2001). However, the RAE has 
also been demonstrated among female soccer players (Delorme, Boiché, & Raspaud, 2010). A recent study 
including data from youth and senior world cup tournaments found the RAE among both male and female 
youth players (Pedersen et al., 2022). Interestingly, the same study reported the RAE in the two most recent 
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senior male tournaments but no RAE in the four most recent female tournaments. Nevertheless, the study 
highlighted an increasing trend of the RAE among both male and female players (Pedersen et al., 2022). 
 
An interesting question is how this increasing trend of RAE coincides with the aging trend observed among 
soccer players and the potential presence of sex differences in this phenomenon. Accordingly, more 
information about sex-based age differences and their potential interaction with the performance level and 
RAE in senior soccer players is required. Therefore, the aim of this study is to examine sex-based age 
differences in the Norwegian top soccer leagues, the relationship between age and performance level, and 
the presence of the RAE in the same population of players. 
 
MATERIALS AND METHODS 
 
Participants 
Players’ birthdates were obtained from three different websites (NIF, 2022; Transfermarkt, 2022; TV2, 2022). 
The total sample comprised 663 players (231 women, 432 men) from 26 teams in the Norwegian top soccer 
leagues (10 women’s teams and 16 men’s teams). All players’ names, numbers of matches and birthdays 
were screened and systemised. Players in the teams that had not played in any matches were excluded 
before the first analysis. This study was conducted in accordance with the Declaration of Helsinki and 
approved by the Norwegian Social Science Data Services. Since the data are based on publicly available 
resources, no informed consent was obtained. 
 
Procedures 
Sex-based differences in age were investigated by comparing all players, the players of the top three teams, 
and the players of the upper and lower halves of the women’s and men’s leagues. To investigate the 
relationship between age and performance level, correlation analyses between age and team performance 
level (rank in league) were conducted. The age of the players at the middle of the season was calculated, 
using the same date (1st July 2022) for men and women. For the RAE analyses, birth months were 
categorized in birth quartiles: Q1: January–March, Q2: April–June, Q3: July–September, Q4: October–
December. 
 
In the 2022 season, the Norwegian FA introduced a new system for the women’s top league, where the 
team’s first played two matches (home/away) against each opponent, in total 18 matches for each team. 
Thereafter, the top four teams participated in a final playoff, and the bottom six teams played against the top 
teams from the second level. On the other hand, the men’s league had a traditional competition format without 
any playoffs. The men’s league included 30 matches for each team. To make a valid comparison between 
men and women, the team ranking after the 18 preliminary matches in the women’s league and at the end 
of the season in the men’s league was included in the analyses. 
 
Analyses 
The data did not meet the assumption of a normal distribution and is therefore presented as median (range). 
The Mann–Whitney U test was used to compare the ages of male and female players. Correlation analyses 
between age and team performance level (rank in league) were conducted using the non-parametric 
Spearman’s correlation coefficient. The strength of the correlations was interpreted according to Hopkins et 
al. (2009): r < 0.1 = trivial, 0.1–0.3 = small, 0.3–0.5 = moderate, 0.5–0.7 = large, 0.7–0.9 = very large, 0.9 = 
nearly perfect, 1.0 = perfect. We performed hypothesis tests in accordance with Chen and Popovich (Chen 
& Popovich, 2002) to compare the strength of correlations statistically. A series of chi-square (χ2) goodness-
of-fit tests were performed to determine differences between the observed birth months of the female soccer 
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players and the expected birth month distribution for females born in Norway from 1983 to 2007 (the same 
years of birth as the players) of Q1: 25.07% (n = 359,440), Q2: 26.19% (n = 375,462), Q3: 25.67% 
(n = 368,002) and Q4: 23.06% (n = 330,640) (Statistics Norway, 2022). The significance level was set at p < 
.05, and the data were processed and analysed using IBM SPSS Statistics version 26 software for Windows 
(SPSS Inc., Chicago, IL, USA) and Office Excel 2016 (Microsoft Corporation, Redmond, WA, USA). 
 
RESULTS 
 
Sex-based difference in age 
The age of the players was significantly lower for women than for men [22.1 (15.0–38.2) vs. 24.5 (15.5–38.4) 
p < .001]. A similar difference was observed for the upper half of the women’s (top five teams) and men’s 
(top eight teams) leagues [22.8 (15.8–38.2) vs. 24.4 (15.5–38.4) p = .008]. The largest sex-based difference 
was observed for the players of the lower half of the leagues [21.5 (15.0–34.2) vs. 24.6 (16.0–36.8) p < .001]. 
However, no sex-based age difference was observed for the players of the top three teams [23.2 (17.0–33.9) 
vs. 23.8 (15.5–35.1) p = .0369]. The overall distributions of age and the distributions in the women’s and 
men’s top soccer leagues are presented in Figure 1. The average age for the players of each team is 
presented in Table 1. 
 
Table 1. Overview of the number of players and age distribution (median and range) of all teams in the 
Norwegian top soccer leagues. 

 Women Men 

Rank #Players Age Median (range) #Players Age Median (range) 

1 23 25.2 (17.0– 33.1) 25 24.9 (16.4– 33.6) 
2 24 22.4 (17.3– 29.9) 31 24.3 (18.9– 32.1) 
3 22 22.4 (17.5– 33.9) 28 22.6 (15.5– 35.1) 
4 20 22.2 (17.8– 38.2) 22 24.5 (18.0– 32.5) 
5 19 23.8 (15.8– 27.9) 27 23.0 (15.8– 38.4) 
6 21 21.9 (16.1– 34.2) 28 24.8 (16.5– 32.3) 
7 28 22.5 (17.7– 31.3) 23 23.1 (17.4– 34.2) 
8 28 20.3 (15.0– 31.4) 28 26.6 (17.3– 35.1) 
9 24 19.2 (16.5– 28.9) 26 25.9 (17.3– 32.7) 

10 22 21.3 (16.9– 26.4) 22 24.0 (17.7– 34.9) 
11     22 23.7 (19.2– 33.4) 
12     25 22.3 (17.5– 33.7) 
13     27 25.9 (16.8– 32.9) 
14     33 24.7 (16.0– 31.8) 
15     31 24.6 (17.1– 36.8) 
16     28 25.2 (19.6– 30.9) 

 
Correlation between age and performance level of teams 
A small but significant correlation was observed between age and performance level (team rank) for the 
female players (rs(231) = -0.26, p < .001), while no correlation between age and performance level was found 
for the male players (rs(432) = -0.016, p = .744). Furthermore, a very large correlation between the median 
age of the team and the team performance was found in the women’s league (rs(10) = -0.72, p = .019), while 
no correlation was found for the men’s league (rs(16) = 0.22, p = .405). The correlation between median age 
and team performance is presented in Figure 2. 
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Figure 1. Overview of the age distribution (histograms with median and IQR) for the total sample of players 
(a), the male players (b) and the female players (c) in the Norwegian top soccer leagues. 
 

 
 
Figure 2. Overview of the median age and performance level for each team in the women's and the men's 
Norwegian top soccer leagues. 
 
Relative age effect 
The chi-square analysis indicated a statistical difference between the observed and expected quartile 
distributions for all groups (total, women and men), indicating a significant RAE in all populations of players. 
The chi-square test and the post hoc analyses revealed an overrepresentation of players born at the 
beginning of the year (Q1) and an underrepresentation of players born at the end of the year (Q4) compared 
with the birth distribution of the general population. The birthdate distributions for the total, male and female 
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populations are presented in Figure 3. The birthdate distributions for the total, male and female populations 
along with the corresponding distributions for the general population are presented in Table 2. 
 

 
 
Figure 3. Overview of the distribution of birthdates across the annual quartiles (histograms with median and 
IQR) for the total sample of players (a), the male players (b) and the female players (c) in the Norwegian top 
soccer leagues. 
 
Table 2. The distribution of birthdates across the annual quartiles for the total sample of players, male players 
and female players in the Norwegian top soccer leagues, along with the corresponding distributions for the 
general population in Norway. 
 Numbers in quartiles Percent in quartiles   Standardised residuals 
 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 X2 p Q1 Q2 Q3 Q4 

Total               
Observed 210 168 169 116 31.7 25.3 25.5 17.5 

20.6 <.001 43.8 -5.7 -1.2 -36.9 
Expected 166 174 170 153 25.1 26.2 25.7 23.1 

Women               

Observed 78 60 60 33 33.8 26.0 26.0 14.3 
14.7 .002 20.1 -0.5 0.7 -20.3 

Expected 58 61 59 53 25.1 26.2 25.7 23.1 

Men               

Observed 132 108 109 83 30.6 25.0 25.2 19.2 
8.2 .042 23.7 -5.2 -1.9 -16.6 

Expected 108 113 111 100 25.1 26.2 25.7 23.1 
Note. Q1: January–March, Q2: April–June, Q3: July–September, Q4: October–December. 

 
DISCUSSION 
 
This study investigated the sex-based age differences in the Norwegian top soccer leagues, the relationship 
between age and performance level, and the presence of the RAE in the same population of players. The 
major findings were as follows: 1) The age of the female players was significantly lower than that of the male 
players, which was also observed when the top half of the teams were compared. 2) There was a strong 
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correlation between the median age of the team and the team performance in the women’s league, with no 
correlation observed in the men’s league. 3) The RAE was present in both the women’s and men’s leagues. 
 
A significantly lower age was found for the women than for the men in the Norwegian top soccer leagues. 
The reason for this difference is likely multifaceted, and unfortunately there is a lack of comparable data from 
other top soccer leagues. One reason for the observed sex-based difference in age may be the result of a 
lower number of female players, partly caused by the higher dropout rates among young female soccer 
players (Møllerløkken et al., 2015). However, it is also likely that the greater access to resources, greater 
professionalisation and higher salaries in the men’s league make it possible for a greater proportion of male 
players to pursue their career (Garris & Wilkes, 2017; Morra et al., 2015). This argument is supported by the 
larger age difference observed between the lower ranked teams than between the higher ranked teams. 
Although no sex-based age difference was observed in the top three teams, the women in the lower ranked 
half of the teams were almost three years younger than the corresponding players in the men’s league. On 
the basis of our findings, it therefore appears that only the highest-performing women’s teams are able to 
establish a squad at the same age level as the men’s league. Considering the age of peak performance 
among male soccer players (25–27 years) and the fact that long-term development is necessary to reach an 
elite level in sports (Rees et al., 2016), our findings indicate that many female Norwegian soccer players drop 
out before they reach their performance potential. 
 
Furthermore, a strong correlation between median age and team performance was found in the women ’s 
league, with no correlation found in the men’s league. Although little research exists in this area, our findings 
align with those of Barreira’s (2016) study from the 2012 Olympic Games, which reported that teams with a 
higher average age performed better. Accordingly, the women in the highest ranked female team in our study 
were substantially older than those in the other teams. Although the participation rate, status and 
professionalisation of women’s soccer have made considerable progress in the last decade (Randell et al., 
2021), with significant increases in salaries and a doubling of the number of professional players from 2013 
to 2017, it appears that this development of women’s soccer is currently only visible among the highest-
performing Norwegian teams. Accordingly data from 2021, reported that only ~12% of the female players in 
the Norwegian top league were able to make a living from playing soccer (Lygren, 2021). Even though 
economic differences between the highest and lowest ranked teams are also likely present in the men’s 
league, these differences do not appear to affect the age of the players. Another factor contributing to the 
earlier dropout of female players could be a lack of support for pregnant players, recently highlighted in both 
national and international soccer leagues (Culvin & Bowes, 2021; Jørnholt, 2023; Martin, 2023). Furthermore, 
because of the recent development of several European female soccer leagues, it is possible that a relatively 
large number of older and more established Norwegian female players are leaving the country in search of 
greater professionalism and higher salaries elsewhere. More research is required to investigate whether the 
observed correlation between age and performance level is also present in other countries. 
 
An interesting finding in this study was the presence of the RAE among both women and men playing in the 
Norwegian top soccer leagues. Whereas the presence of the RAE in the men’s league is in line with previous 
research (Brustio et al., 2018; Sarmento et al., 2018), the observed RAE among female players was 
unexpected. Previous studies have indicated a lower RAE among senior players than among junior soccer 
players and a lower RAE in women’s than men’s soccer (Pedersen et al., 2022). The lower RAE among 
female players has been explained by both the lower participation rates and the earlier onset of puberty in 
female players, leading to smaller physiological differences and/or lower competition, because the 
competition for higher performing teams becomes increasingly intense with increasing age (Delorme et al., 
2010; Musch & Grondin, 2001; Pedersen et al., 2022). In line with our findings, recent data have revealed an 
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increased trend of the RAE among both male and female players (Pedersen et al., 2022). The reason for this 
is uncertain, but it has been speculated that the increased professionalism of female soccer has reinforced 
the RAE (Pedersen et al., 2022). Our finding of the RAE among senior male and female players might also 
be explained by the talent selection processes. In Norwegian soccer, there are similar processes when 
selecting players for higher ranked regional or national teams. Individuals already selected for a team are 
more likely to be selected again, thus perpetuating the RAE (Brustio et al., 2018). Moreover, as this study 
revealed a substantial sex-based difference in age, it is possible that the RAE in the women’s league is also 
due to the higher proportion of younger players than that in the men’s league. The players in the lower half 
of the women’s league were on average almost three years younger than the corresponding male players, 
whereas the players in the bottom three teams were almost five years younger. Since younger players are in 
general more affected by the RAE, the RAE observed in our study might be due to the lower age in the 
women’s compared to the men’s leagues. However, our sample only provides a snapshot of one season, 
and more long-term data are needed to establish whether a trend of increasing RAE is present in female 
soccer. 
 
CONCLUSIONS 
 
Investigating the sex-based age differences in the Norwegian top soccer leagues revealed a significantly 
lower age in the women’s compared to the men’s league. This difference was also present when the teams 
ranked in the upper half of the league were compared. A strong correlation between the median age of the 
team members and the team performance was found in the women’s league, while no correlation was 
observed in the men’s league. Furthermore, the RAE was present in both the women’s and men’s leagues. 
Overall, this study highlights the need to prolong the careers of female soccer players through greater 
support, allowing them to reach their performance potential. 
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