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1. Introduction

To understand the influence of age on a professional football player’s career, it is
essential to consider various factors that significantly impact performance. Numerous
studies demonstrate that age is directly related to performance and longevity [1-3]. The
natural decline in speed, endurance, and muscular strength with aging affects capacity
despite systematic exposure to training and high-intensity matches [4]. Understanding
this relationship is crucial in football research, as previous investigations emphasized the
importance of skill development, physical fitness, and nervous system characteristics in
shaping players’ performance across age groups [5,6]. As players mature, the interaction
between physical abilities, technical proficiency, and tactical awareness becomes more
pronounced, influencing effectiveness. Thus, training, playing patterns, and age interact to
affect outcomes, with more organized football evident at older ages [7,8].

Research on sprint performance and functional abilities in different age groups showed
improvements until a peak, emphasizing age’s role in modulating training responses and
results [9,10]. Body composition and bone density changes also influence players’” capa-
bilities [11]. The relationship between training load and performance is complex [12-15],
requiring consideration of physical and physiological changes so coaches can adapt pro-
grams, optimize capabilities, and mitigate negative impacts [16-18].

Moreover, technical and tactical aspects evolve with age, offering insight into holistic
development [19-21]. Technical proficiency, such as passing, dribbling, and shooting,
improves with experience and links closely to physical capacities like speed, agility, and
endurance [22]. Evidence also indicates that tactical awareness becomes more refined with
age [23,24]. Assessing tactical experience and formation is fundamental in shaping decision-
making and strategic contributions. For coaches, detailed knowledge about age effects
helps adapt training and tactics to individual needs [25]. For clubs, aging implies issues
of squad management and succession planning, requiring a balance between experienced
players and youth development [26].

To our knowledge, no study has accurately detailed variations in abilities by chronolog-
ical age over consecutive seasons. Thus, this study aimed to compare physical capabilities
in elite football players stratified by chronological age and identify peak performance ages.
We hypothesize that match performance decreases with advancing age due to a blunted
response to training load, with younger athletes showing more robust adaptations [27]. We
further hypothesize that peak physical performance occurs in the early 20s [28,29].

2. Materials and Methods
2.1. Subjects

Match performance data (N = 5203 cases) were collected from 99 male professional
football players (age 18 to 40 years; weight, 76 £ 6 kg; height, 178 + 6 cm) belonging to
the Brazilian First Division team during the 2020 to 2024 seasons. Data corresponding to
351 official matches from the five seasons were analyzed. The season (with the first official
match) starts in January and ends in November or December. Only match performances
of the entire match were included in the analysis. This ensures that only starters enter the
analysis, thus decreasing bias related to match performance [30] and training load [31].
Figure 1 depicts the inclusion and exclusion criteria for data analysis. After the inclusion
and exclusion criteria, the sample was limited to 1674 entire match performances. Players
were divided into four positions: striker (159 cases of match performance and respective
training load), fullback (572 cases), winger (422 cases), and midfield (521 cases). Goalkeep-
ers were excluded from this analysis due to the different nature of their movement patterns.
This study was approved by the Sao Judas Tadeu University Ethics Committee (Number
6.507.950). This is a retrospective study that assessed data from two seasons of an elite team
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in the first division of Brazilian football, and it complied with the ethical standards of the
University and followed the guidelines of the Declaration of Helsinki.

-98 athletes from an elite team
-351 matches

5203 individualized players match
performance cases were recorded

Player match performance excluded:
- Incomplete match= 3529 cases.

Individualized player match performance analyzed:
-63 athletes;
-1674 entire matches performance cases;

Figure 1. Flowchart with inclusion and exclusion criteria for match performance and training data.

2.2. Data Collection

The catapult system (VECTOR?, Melbourne, Australia) with global and local posi-
tioning system devices (GPS, GLONASS & SBAS 18 Hz; LPS, Catapult ClearSky 10 Hz)
combined with inertial sensors such as an accelerometer (3D +/— 16G; sampled at 1 kHz,
provided at 100 Hz), gyroscope (3D 2000 degrees/second @ 100 Hz), and magnetometer
(3D £4900 uT @100 Hz) were used to collect data for all games. All three inertial sensors
collected data on acceleration, force, rotation, and body orientation. The catapult system
has suitable validity and reliability for measuring speed, acceleration, and deceleration [32],
jump [33], and change of direction [34]. As a previous study [35] identified a small coeffi-
cient of variation (0.9 to 1.1%) for intra- and inter-unit reliability, the players used the same
device over the season.

The main reason for choosing the variables and their thresholds to conduct this study
was to facilitate the understanding of the main idea of this study: to identify the age-
related peak performance, stratifying the results by chronological age. Thus, the variables
and limits chosen are well studied and well known by coaches in football. Therefore,
Inertial Movement Analysis (IMA) method was used to access explosive efforts such as
jumps (>40 cm), acceleration (—45 to 0, 0 to 45 degrees), deceleration (135 to 180, —180
to —135 degrees), change of direction (COD) to the left (—135 to —45 degrees) or to the
right (45 to 135 degrees). In addition, the total explosive effort (the sum of the jump,
acceleration, deceleration, and COD) was recorded as the IMA explosive effort. IMA
was used to derive RHIEs (Repeat High-Intensity Efforts: the player performed three
explosive efforts in <60 s) and RHIE block recovery time (the amount of time to recover
and perform another RHIE). The intensity threshold of the IMA event was set when the
action occurred at >3 m/s?, thus characterizing an explosive action. The running distance
producing metabolic power (W-kg~!) was also collected at different intensities (>20 and
>55 W-kg ). The player load was collected as the sum of the accelerations of the tri-axial
accelerometer. GPS methods were used to collect total distance (m), relative distance
(m/min), running distance > 20 km/h (m), >25 km/h (m), and >30 km/h. In addition, the
number of sprints (running > 25 km/h) and the maximum speed (km/h) achieved during
the match were recorded.
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2.3. Contextual Factors

The players were divided in quartiles (of 5 years for each) for the following reasons:
(1) the first quartile (18 to 22 years old) includes players who should be in the club’s youth
team but are outliers for their respective ages, thus playing in the main team (professional
adult); (2) the second quartile (23 to 27 years old) comprises players that are at the peak
of professional performance [28]; the third quartile comprises players with 28 to 31 years
old; and the last quartile (>32 years old) considers older players, but they are also outliers
for their respective ages, thus still playing in elite football. Therefore, as the players’
ages range from 18 to 39 years old, we divided the players into four groups (five years
range each): (1) 18 to 22 years old (27 players and 404 match performance cases); (2) 23 to
27 years old (33 players and 511 match performance cases); (3) 28 to 32 years old (18 players,
541 match performance cases); and (4) >32 years old (11 players; 218 match performance
cases). Depending on how players age a year from one season to the next, if the player
ages between categories (for example, from the age of 22 to 23), then the 23-year-old’s
performances will now belong to the 23- to 27-year-old group. At the same time, the
22-year-old’s performance will be evidenced in the 18- to 22-year-old groups.

The team had six coaches throughout the seasons (coach 1 = 309 cases; coach 2 = 247 cases;
coach 3 = 420 cases; coach 4 = 268 cases; coach 5 = 90 cases; and coach 6 = 340 cases) and
used the following player positions: fullback, striker, winger, and midfield.

2.4. Statistical Analysis

Data is presented as mean and confidence interval (CI) 95%. To examine the impact
of age on match performance across five seasons, the performance data of matches were
standardized using z-scores within the player position. After standardizing to z-scores, the
outliers (less than 1%) were excluded for all performance variables using the ROUT method.
Values with a z-score > 3 were excluded. To compare match performance on the age groups,
we use the mixed linear model. Also, two contextual factors were used as covariables:
player position and coach. Because data from the same player were used multiple times,
players were used as random effects (intercept model). To examine the association between
player running performance and aging, all match data were standardized to the z-score
within each player’s position. First, we performed a hierarchical cluster analysis to generate
a dendrogram. Then, based on the visual inspection of the dendrogram created from the
hierarchical cluster approach, we identified that three clusters represented the best solution
to solve the identified problem (is aging associated with its respective match performance?).
Additionally, the best silhouette scores were 0.7 (good) for 2 to 4 clusters, for both speed
capabilities and endurance clusters, as well as explosive capabilities clusters. Silhouette
scores of 0.5 were achieved for 2 to 4 clusters in change of direction, jump, acceleration,
and deceleration capabilities. Thus, it is objectively confirmed that the 3-cluster data set
separation is the best solution. Finally, we clustered the match performance based on
player position using a k-means approach. The k-means algorithm used Euclidean distance
to compute distances and defined 100 iterations to compute the cluster centroids. The
reproducibility of the clusters created in this study was tested in the database itself. To
complete this, clustering was repeated several times from different classification orders
of the database (i.e., changing the initial k centers). As a result, the k-means converged
to the same cluster profile regardless of the initial k center, thus demonstrating that our
database is sufficiently large and representative of elite soccer players. To validate the
clusters of match performance (i.e., to verify whether clusters differed between them), we
used one-way ANOVA (with clusters as factors and the z-score of match performance as
the dependent variable), followed by the Duncan post hoc test. The n? effect size is reported
as >0.01 as small, >0.06 as medium, and >0.14 as a large effect size. All analyses were
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performed using the IBM SPSS Statistics for Windows (version 27.0, IBM Corp., Armonk,
NY, USA). Significance was set at p < 0.05.

3. Results
3.1. Speed Capabilities with Passing Age

Figure 2 shows that there is a decrease in performance with advanced age on distance
above 25, 30 km/h, 55 watts per kilo of body weight, and maximum speed. On the other
hand, there was no difference in less intense speeds, such as distance above 20 km/h,
distance above 20 watts per kilo of body weight, and or amount of sprint.

o - a
a a ab

30kmh (m)

Dist

3 a
a ab
b
C

Age quartile

Age quarile Age quartile

a a
- a
b

Age quartile

Figure 2. Comparison of the evolution of speed capabilities by age groups. Different letters denote
statistical differences between age groups. Data are predicted values and CI 95%.

3.2. Explosion and Endurance Capabilities with Passing Age

Figure 3 shows that, in professional elite football, there is a decrease in explosive
football actions with the passing of age, mainly above 32 years of age. On the other hand,
there is no change in endurance variables, such as total distance, relative distance, and
player load, demonstrating a maintenance of endurance capacity.

3.3. Acceleration, Deceleration, COD, and Jump Capabilities with Passing Age

Our findings indicate that in elite professional football players, with advanced age,
there was a significant decrease in acceleration, deceleration, and COD (see Figure 4).
However, no chance occurred in the capacity to jump above 40 cm during the football match.

3.4. Speed Capabilities Peak Performance According to Age

With the purpose of identifying the age group with the best performance, the k-means
clustering algorithm was employed. In Figure 5, the analysis revealed that clusters at ages
25.7 years old (CI 25.3/26.1 years; Numbers (N) = 415 performance cases) and 27.1 years
old (CI 26.8/27.5 years; N = 730 performance cases) have superior performance when
compared to the 30.3-year-old (CI 29.7/30.8 years; N = 452 performance cases) cluster.
Moreover, the 25.7-year-old cluster had higher performance in all variables when compared
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to the other two clusters. This methodology allowed us to pinpoint the age group that
excelled in speed capabilities.
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Figure 3. Comparison of the evolution of endurance and explosive capabilities by age group. Different
letters denote statistical differences between age groups. Data are predicted values and CI 95%.
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Figure 4. Comparison of the evolution of change of direction, jump, acceleration, and deceleration
by age group. Different letters denote statistical differences between age groups in the same season.
Data are predicted values and CI 95%.
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M Distance >20km/h (m)
M Distance >25km/h (m)
M Distance >30km/h (m)
M Distance >55 (w)

M Maximum speed (km/h)
M Distance >20W (m)

1 M Sprint (N)
I II )

7 e i
-1
257 years 27.1 years 30.3 years
Speed clusters
Figure 5. Clusters (mean and 95% CI) of speed capabilities associated with age. All variables are
statistically different (all p < 0.05) between the three clusters.
3.5. Endurance and Explosion Capabilities According to Age
In Figure 6, the k-means identify that the best match performance was from a cluster
formed at age 24.8 (CI 24.4-25.3 years; N = 404 performance cases), which presents better
performance in the endurance and explosive variables when compared to clusters formed
at ages 26.4 (CI 26.0-26.7 years; N = 595 performance cases) and 31.3 (CI 30.9-31.7 years;
N = 530 performance cases).
W Total distance
M Relative distance
2 W Explosive effort
M RHIE blocks effort
M Average RHIE effort
B RHIE block recovery time (RHIE/min)
1 M Age
" b b C C C C C
5 0
% -
N l
-1
-2
-3

24 8 years 26.4 years 31.3 years

Explosive and endurance action clusters

Figure 6. Clusters (mean and 95% CI) of endurance and explosive capabilities associated with age.
Different letters denote a statistical difference between the three clusters.
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Z~score

=

3.6. Acceleration, Deceleration, COD, and Jump Capabilities According to Age

Figure 7 presents a different level of cluster performance related to age. The cluster
related to 26-year-olds (CI 25.7/26.3 years; N = 618 performance cases) has higher perfor-
mance when compared to 23.2-year-olds (CI 23.0/23.5 years; N = 502 performance cases)
and to 32.1-year-olds (CI 31.7/32.3 years; N = 493 performance cases).

éiiﬁ L3525 30

M Change of direction

M Jump >40cm

M Acceleration C
M Deceleration

M Age

c b ¢ ¢

"2

26 years 232 years 32.1 years

Clusters

Figure 7. Clusters (mean and 95% CI) of acceleration, deceleration, change of direction, and jump
associated with age. Different letters denote statistical difference between clusters.

4. Discussion

The main findings of this study were that match physical performance decreases with
advancing age. Additionally, our machine learning analysis suggests that performance
peaks in speed, explosiveness, and endurance occur at ~24 to 26 years old.

The division of football players into age groups of 18-22, 23-27, 28-32, and 32+ years
aligns well with the reported performance trends observed. Players aged 18-22 have
shown consistently higher performance in speed parameters, indicating a phase of rapid
development and potential talent acquisition for football clubs [36]. By categorizing players
within this age group, clubs can target young prospects who are likely to exhibit growth
and improvement over time, making them valuable assets to the team. The >32 y age
group represents a stage where performance decline is most pronounced, highlighting the
need for clubs to consider alternative roles or support mechanisms for these players [37].
While experience and leadership qualities are valuable assets that older players bring to a
team, clubs must also plan for succession and talent development to ensure continuity and
competitiveness. Tailored training and workload management for senior players can help
prolong their careers and ensure a smooth transition after retirement. A tailored training
load seems necessary because no difference in training load was identified across the age
categories proposed in this study. (see Table S1).

It is important to note that the technical and tactical performances of these athletes were
not assessed. In this sense, future studies should integrate physical, tactical, and technical
performance to ensure a more complete view of the effect of age on football performance.
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Also, the comparison between the different age groups for both match performance
and training load response can provide important insights. In this sense, coaches and
trainers should not consider age alone as a determining factor of performance. It is well
known that both position and tactical systems significantly impact running performance.
In this sense, adjusting the tactical scheme (and changes in the player’s position) to mitigate
the effect of age on running performance may be an important strategy to be adopted.
Furthermore, as technical and tactical data were not integrated, we cannot rule out the
hypothesis that the decrease in external load in match performance identified in older
players may be a more efficient response to resolving the demands of the tasks imposed
by the game and the coach, and not a decrease in performance resulting from the loss of
abilities associated with age. In this sense, future studies integrating technical, tactical, and
physical data are necessary to holistically identify the effect of age on football performance.

4.1. Speed Capabilities

The analysis of results unveiled a significant age-related influence on speed perfor-
mance among players. Individuals aged >18 to 27 exhibited higher performance across
various speed parameters over time, contrasting with those aged >32, who experienced
a decline in performance. Leveraging k-means clustering to discern performance co-
horts highlighted an optimal age range of around 25.7 years, consistently associated with
superior performance across all speed variables. Furthermore, distinct age groups show-
cased prowess in specific speed facets, underscoring the importance of adaptive training
strategies and talent recruitment endeavors that account for age-related variations. These
findings furnish valuable insights for athlete development and performance optimization
strategies, particularly in sports where speed constitutes a pivotal attribute. Different age
groups exhibit prowess in specific speed facets, emphasizing the need for adaptive training
strategies and talent recruitment efforts that consider age-related variations in speed perfor-
mance [37-39]. This aligns with the notion that age plays a crucial role in determining the
speed capabilities of football players [39—41]. Understanding these age-related variations
can aid in developing tailored training programs to optimize performance [42-44]. The
findings from these studies provide valuable insights for athlete development and perfor-
mance optimization strategies, particularly in sports like football, where speed is a critical
attribute [37,45-47]. By acknowledging the influence of age on speed performance and
implementing targeted training programs, coaches and sports organizations can enhance
the overall performance of players and gain a competitive advantage in the field.

In summary, this analysis of the performance of football players across age groups pro-
vides valuable insights into the recruitment process of football clubs and the development
of age-based coaching strategies. Players aged 25.7 years showed higher performance in
several speed parameters over time, indicating potential talent within this age group [36].
On the other hand, players over the age of 32 years experienced a decline in performance,
suggesting the need for alternative strategies or a transition to mentoring or coaching roles
within the club.

4.2. Endurance and Power Capabilities

The results report higher performance in endurance and explosive actions in young
age groups. The decrease in performance related to explosive [48] and endurance [48,49]
activities is supported by the literature. For instance, the >32 age group experienced
longer recovery times between high-intensity blocks, denoting a decrease in capabilities to
generate blocks of explosive efforts.

Our primary hypothesis is that a blunted, adaptative response to the training load
in the >32-year-old group may have significantly impacted the match performance. The
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training load was not statistically different between the age groups proposed in this study
(see Table S1), a phenomenon that did not occur in the younger groups. Our second
hypothesis is that the worsening in explosive actions might be related to overtraining
symptoms [50,51], i.e., the inability to adapt to a workload. Therefore, this lack of adaptation
in the oldest age group may be related to the inability to respond efficiently to stimuli
(mainly from velocity and explosive training). To discard the overtraining symptomes,
future studies may solve this issue by quantifying training loads throughout the season
(verifying if there are load-dose responses) in the oldest age group.

4.3. Acceleration, Deceleration, COD, and Jump Capabilities

The results reveal higher performance of the change of direction (COD), acceleration,
and deceleration ability at ~26 years old, while a decrease in performance was registered
mainly in the >32-year-old group. This finding is supported by the improvements in
specific abilities following training interventions [52].

Jumps were similar between age groups, but the deceleration, acceleration, and COD
were evidently higher for the 18-22 age group. This decrease in such parameters aligns
with the results of Mcmillan [53], who discussed the challenges faced by football coaches in
enhancing aerobic endurance performance during the competitive in-season period. These
results emphasized the importance of endurance development in professional football
players for maintaining technical and tactical abilities throughout a match [54].

4.4. Study Limitations

The present study has some limitations. The data collected from the wearable system
may not comprehensively capture all aspects of player performance (for instance, tactical
formation). Thus, to mitigate such limitations, we add coaches as a covariable in the
mixed linear model. The data from this study come from a team that played eight official
competitions with longer travels over the two seasons, and other contextual factors, such
as match results, opponent strength, and match venue, which could affect match running
performance [54,55] and training load [56], were not controlled. Therefore, future studies
should address these issues using a significant data set from a single competition.

Moreover, this study’s findings may not extend to football players from different
leagues or countries with diverse playing styles. Variations in training methodologies were
not fully accounted for in the analysis, which could influence player performance. The
distribution of players across age groups may have influenced the reliability of age-related
performance trends. The study’s reliance on data from a single team may limit the gen-
eralizability of findings to broader football populations. Future studies could include a
longitudinal examination across diverse football leagues and countries to elucidate how
performance trends vary based on league dynamics, playing styles, and training method-
ologies, providing insights into the generalizability of age-related performance trends
observed in different football contexts. Additionally, comprehensive analyses of training
regimens and interventions employed by professional football teams could be conducted
to understand how variations in training intensity, duration, and content influence player
performance over time, informing optimal training strategies for enhancing player per-
formance across different age groups. Moreover, exploring the utilization of advanced
data collection techniques, such as wearable sensors and machine learning algorithms, to
comprehensively capture and analyze various aspects of player performance could offer
more detailed insights into the physiological and biomechanical factors influencing player
performance and injury risk in football.

Although we use data from the same players over time to identify the effect of aging
on athletes and use robust and appropriate statistics, it is important to note that several
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players left the team due to transfer or injury, and in this sense, a five-season follow-up for
the same players is impractical.

5. Conclusions

The main objective of this study was to compare the physical capabilities of elite
football players, stratifying the results by chronological age. The results indicate that there
is a decrease in physical performance during the game with advancing age.

Our main hypothesis is that there is an age-related peak in physical performance
in football. Specifically, peak performance might occur in the early 20s [28]. Our results
also provide essential support for this hypothesis, and the data indicate that peak running
performance occurs at approximately 24.4 to 26.3 years of age. Notably, the age divisions of
18-22, 23-27, 28-32, and 32+ years suggested in this study are appropriate for football clubs’
recruitment processes and the designs of age-based training strategies. These categories
align with performance trends observed across different age groups, allowing clubs to
optimize player development pathways and make informed decisions to support the long-
term success of their athletes. Specifically, the 18- to 22-year-old players, who are outliers
for their respective ages, are thus playing on the main team (professional adult) and are
improving their physical capabilities. The second quartile (23 to 27 years old) comprises
players who are at the peak of their professional performance [28]. The third quartile
(28- to 32-year-old players) did not demonstrate superiority in peak running performance;
however, it also did not present a fast decline in running performance, such as with the
>32-year-old quartile. Finally, the > 32-year-old quartile comprises older players. However,
they are also outliers for their respective ages, still playing in elite football, but are far from
peak running performance in football.

6. Practical Applications

The results of this study provide some practical recommendations that can be made
to optimize the management of the physical performance of professional football players
throughout the different stages of their careers. Firstly, it is essential that coaches adapt
training loads according to the age group of the athletes, especially for players over 32 years
of age. For these players, individualized periodization strategies, with greater emphasis
on recovery sessions and maintenance of specific skills, can be decisive in prolonging
competitive performance.

In addition, the implementation of systematic programs for continuous monitoring of
performance and training load is essential. Regular physical assessments, combined with
detailed control of training loads, will allow early identification of signs of performance
decline or accumulated fatigue, favoring appropriate preventive interventions. In parallel,
the results indicate that, from the age of 28, strategies for maintaining speed and explosive
capacity should be prioritized, using specific training protocols such as sprints, plyometrics,
and agility exercises.

For younger players (18-22 years old), this maturation phase should be used to
maximize physical gains, with a focus on developing speed, endurance, and strength,
preparing them to reach peak performance. In addition to physical development, the
gradual integration of young talent into the first team should be carefully planned, ensuring
a continuous renewal of the squad without compromising the experience provided by the
more experienced players.

It is also important to note that tactical adaptation should accompany the physical
changes resulting from aging. Reductions in acceleration, explosiveness, and speed can
be compensated for by adjusting tactical functions and positioning, making the most of
the positional intelligence, experience, and game reading of older players. For example,
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for fullbacks, the coach can ask the defensive midfielder to provide defensive coverage
when the fullback moves up to attack. For the midfield, place him as a central midfielder
rather than a wide midfielder. This way, the distance to the goal is shorter, and the need for
long sprints will be reduced. During the defensive transition, this athlete will only “fit” the
marking and will not have such a long return. Another example pertains to the defenders;
the coach can mix the defensive duo with an older player (>32 years old) and a young
player (~25 years old). Also, when adopting a defensive system with three defenders, it
is entirely possible that one of these three defenders is an older player (acting as a central
defender). For the attack, if a striker with pivot characteristics is adopted, it is entirely
possible for it to be executed by an older player. Finally, given the observed decrease in
recovery capacity between blocks of repeated efforts in more experienced players, it is
essential to reinforce regeneration strategies, including optimizing sleep, nutrition, and
physiotherapy intervention, to preserve the ability to respond to high-intensity efforts.

Based on these recommendations, it is expected that clubs and coaches can more
effectively manage their athletes’ careers, favoring the maximization of performance and
promoting sporting longevity in high-performance contexts.

Despite some limitations, the study provides valuable insights into the subtle rela-
tionship between age and football performance, opening new avenues of research for a
more comprehensive understanding of player development and optimization strategies
in diverse football contexts. Furthermore, other important contextual variables should
be considered in future studies, e.g., (i) game trajectory, (ii) use of data from only one
competition, and (iii) qualitative quantification of training load (e.g., whether training
consisted of the use of a throw-in, with or without opposition, or a set piece).

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jfmk10040385 /51, Table S1: Training load comparison between
age groups.
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