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Abstract

Background: Maximum aerobic speed (Saunders et al.) is a key indicator of aerobic fitness and

an important determinant of football performance. Although body composition has been

associated with aerobic capacity, limited evidence has specifically examined the relationship

between body fat percentage and MAS in senior football players, particularly in North African

competitions. Therefore, this study aimed to investigate the relationship between maximum

aerobic speed and body fat percentage among elite senior football players competing in the

Algerian Second Division.

Methods: This cross-sectional correlational study included 25 elite male football players (24.20 ±

3.71 years)(Nikolaidis, 2012, Reilly et al., 2000, Stølen et al., 2005) from an Algerian Second

Division club. Body fat percentage was assessed using a multi-frequency bioelectrical impedance

analyzer (InBody 270), whereas MAS was determined using the VAMEVAL field test.

Descriptive statistics were calculated, data normality was verified using the Shapiro–Wilk test,

and the relationship between body fat percentage and MAS was examined using Pearson's

correlation coefficient.

Results: The mean body fat percentage was 15.77 ± 1.99%, while the mean MAS was 16.31 ±

1.49 km·h⁻¹. Both variables were normally distributed (p > 0.05). Pearson correlation analysis

revealed a moderate and statistically significant negative relationship between body fat

percentage and MAS (r = −0.451, P = 0.024). The coefficient of determination (r² = 0.203)

indicated that body fat percentage accounted for approximately 20.3% of the variance in MAS.

Conclusions: Lower body fat percentage was associated with higher maximum aerobic speed

among elite senior football players. These findings highlight the importance of regular body

composition monitoring alongside field-based aerobic fitness assessment to optimize training

strategies and enhance football performance.

Keywords: Maximum aerobic speed; body fat percentage; football; aerobic fitness; body

composition; VAMEVAL.
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Introduction

Modern football is characterized by an increasingly demanding physical profile in which

players are required to perform repeated high-intensity actions throughout the entire duration of a

match. During competition, players continuously alternate between low, moderate, and high-

intensity activities while repeatedly executing accelerations, decelerations, sprints, changes of

direction, and technical actions under conditions of progressively developing fatigue(Barnes et al.,

2014, Martín-García et al., 2020) .The evolution of tactical strategies, increased playing tempo,

and greater competitive intensity have substantially elevated the physical demands imposed on

players across virtually all playing positions(Bush et al., 2015) . Consequently, maintaining the

ability to repeatedly produce high-intensity efforts has become a key determinant of successful

football performance (Bangsbo et al., 2006) . Although decisive match actions are often

performed during short periods of maximal effort, their repeated execution depends largely on the

efficiency of the aerobic system, which accelerates phosphocreatine resynthesis, facilitates

recovery between successive high-intensity efforts, delays fatigue, and helps preserve technical

and tactical performance throughout prolonged match play (Iaia et al., 2009) .

Given these physiological demands, accurate evaluation of aerobic fitness has become a

fundamental component of performance monitoring in football. Among the field-based indicators

currently available, maximum aerobic speed (MAS) has gained considerable practical importance

because it integrates aerobic power and running economy into a single functional measure

corresponding to the lowest running velocity associated with maximal oxygen uptake (VO₂max)

(Billat and Koralsztein, 1996) . Owing to its strong physiological relevance and practical

applicability, MAS has become one of the most frequently used measures for evaluating aerobic

fitness in football players (Buchheit, 2008) . Beyond performance assessment, MAS provides an

effective basis for prescribing individualized training intensities, particularly during aerobic

interval training and high-intensity interval training, thereby allowing practitioners to optimize

training loads according to each player's physiological characteristics (Billat, 2001, Buchheit and

Laursen, 2013) . Improvements in MAS have consistently been associated with enhanced

repeated high-intensity running performance, faster recovery between successive efforts, and an

increased ability to sustain match intensity, emphasizing its importance as a determinant of
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football-specific physical performance (Billat, 2001, Buchheit and Laursen, 2013, Iaia et al.,

2009) .

While aerobic fitness represents an essential component of football performance, its

expression during running is influenced not only by physiological capacity but also by body

composition. Because MAS is expressed as running velocity, achieving higher values requires

efficient locomotion while minimizing the energetic cost associated with body mass transport

(Billat and Koralsztein, 1996, di Prampero, 2003) . In this context, body fat percentage (BFP)

represents an important determinant of movement efficiency because excess adipose tissue

constitutes metabolically inactive mass that increases the energetic and mechanical demands of

running without contributing to force production(Nikolaidis and Vassilios Karydis, 2011, Reilly

et al., 2000) . Consequently, excessive body fat elevates the oxygen cost of locomotion, reduces

running economy, and may ultimately limit the running velocity that can be sustained at maximal

oxygen uptake (Fletcher and MacIntosh, 2017, Saunders et al., 2004) . Maintaining an optimal

body composition is therefore considered essential for maximizing athletic performance while

minimizing unnecessary metabolic demands during both training and competition (Mala et al.,

2015)Moreover, greater body fat percentages have been associated with impaired sprint

performance, reduced aerobic endurance, lower vertical jump performance, and diminished

change-of-direction ability, suggesting that excessive adiposity compromises several physical

qualities required for elite football performance (Nikolaidis, 2012, Slimani et al., 2019).

These physiological considerations are supported by an expanding body of research

demonstrating close associations between body composition and aerobic performance in football

players. Previous investigations have consistently reported that lower levels of body fat are

generally accompanied by superior physiological and functional capacities(Nikolaidis, 2012,

Reilly et al., 2000) .Likewise, several studies have demonstrated significant inverse relationships

between body fat percentage and maximal oxygen uptake (VO₂max), indicating that excess

adiposity increases the relative metabolic cost of exercise and reduces aerobic performance(da

Silva et al., 2015, Esco et al., 2018). At the same time, studies examining MAS have highlighted

its usefulness as a valid indicator of aerobic fitness and a practical tool for monitoring endurance

performance and prescribing individualized training in football players (Billat and Koralsztein,

1996, Buchheit, 2008). Nevertheless, the strength of the association between body composition

and aerobic performance has not been entirely consistent across studies, probably because of
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differences in competitive level, participant characteristics, body composition assessment

methods, and aerobic fitness testing protocols. More importantly, despite the independent

importance of both MAS and body composition, relatively few investigations have directly

examined their relationship within competitive football populations.

This limitation is particularly evident in the available literature concerning African

football players. Most previous studies have been conducted in European or South American

populations, whereas evidence involving North African football players remains comparatively

scarce(Reilly et al., 2000, Slimani et al., 2019) . Furthermore, although VO₂max has traditionally

received considerable attention as the principal indicator of aerobic fitness, comparatively fewer

studies have investigated MAS despite its widespread application in football-specific fitness

evaluation and training prescription (Billat and Koralsztein, 1996, Buchheit, 2008) . Evidence

involving second-division football players is also limited, even though these athletes experience

competitive and training demands that may differ from those of elite professional players. To our

knowledge, no published study has specifically examined the association between MAS and body

fat percentage among senior football players competing in the Algerian Second Division.

Understanding this relationship may provide practical benefits for coaches and strength

and conditioning professionals by improving the simultaneous monitoring of aerobic fitness and

body composition during the competitive season (Buchheit and Laursen, 2013, Reilly et al.,

2000) . Such knowledge may contribute to more comprehensive player profiling and talent

identification through the integration of physiological and anthropometric characteristics(Gil et

al., 2007) . In addition, clarifying the interaction between these variables may facilitate the

development of individualized training and nutritional interventions aimed at optimizing aerobic

performance while maintaining an appropriate body composition throughout the season

(Impellizzeri et al., 2005, Maughan et al., 2018) .

The present study aimed to examine the relationship between maximum aerobic speed

(MAS) and body fat percentage among elite senior football players competing in the Algerian

Second Division. Based on the physiological relationship between body composition and aerobic

performance reported in previous research, it was hypothesized that players with higher body fat

percentages would demonstrate lower maximum aerobic speed, indicating a negative association

between the two variables.
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Study Aim

The present study sought to examine the association between maximum aerobic speed

(MAS) and body fat percentage (BFP) among elite senior Competitive football players from the

Algerian Second Division.

Research Hypothesis

Based on previous evidence linking body composition and aerobic performance, it was

hypothesized that body fat percentage would be negatively correlated with maximum aerobic

speed.

Materials and Methods

2.1 Study Design

A cross-sectional correlational design was employed to examine the relationship between

maximum aerobic speed (MAS) and body fat percentage among elite senior football players. Data

collection was conducted during the transition period immediately following the 2024–2025

competitive season under standardized testing conditions at the football field of US Chaouia Club

(Algerian Second Division).

2.2 Participants

Twenty-five elite male football players competing in the Algerian Second Division

voluntarily participated in this study. The descriptive characteristics of the participants are

presented in Table 1. The sample consisted of four goalkeepers, three centre backs, two right

backs, two left backs, four defensive midfielders, five attacking midfielders, one right winger, one

left winger, and three centre forwards.

Players were eligible to participate if they were registered members of the first team, had

participated regularly in team training throughout the season, and had no current injuries or

illness that could affect physical performance during testing. Players who failed to complete all

testing procedures or who presented any medical condition contraindicating maximal exercise

were excluded according to the exclusion criteria specified in the VAMEVAL testing protocol.
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Before participation, all players received detailed information about the study objectives and

procedures and provided written informed consent

2.3 Procedures

Testing was performed during the transition period following the competitive season. All

measurements were completed under identical environmental and testing conditions to minimize

potential sources of variability. Players were instructed to refrain from strenuous exercise for 24

hours before testing and to maintain their habitual hydration status and dietary habits. Before the

physical assessments, before testing, participants completed a standardized warm-up comprising

light running and dynamic stretching, and progressive running drills.

Body composition assessment was completed before the aerobic fitness test to avoid the influence

of exercise-induced fluid shifts on body composition measurements. Maximum aerobic speed

testing was subsequently performed on the football field according to the standardized

VAMEVAL protocol, with all assessments completed during a single testing session.

2.4 Body Fat Percentage Assessment

Body fat percentage was assessed using a multi-frequency bioelectrical impedance

analyzer (InBody 270 ) operated by a qualified specialist following the manufacturer's

standardized testing procedures (Kyle et al., 2004a). Participants were instructed to refrain from

vigorous physical activity, food intake, and excessive fluid consumption before assessment to

minimize factors known to influence bioelectrical impedance measurements (Kyle et al., 2004b).

Measurements were performed with participants barefoot and wearing light clothing.

Bioelectrical impedance analysis is widely used in sports science as a practical and reliable

method for estimating body composition under standardized conditions (Kyle et al., 2004a, Kyle

et al., 2004b).

2.5 Maximum Aerobic Speed Assessment

Maximum aerobic speed was determined using the VAMEVAL field test, a progressive

continuous running test specifically developed to estimate MAS under field conditions (Cazorla

and Léger, 1993). Running speed increased by 0.5 km·h⁻¹ every minute until voluntary

exhaustion (Cazorla and Léger, 1993). The final speed successfully completed by each player was
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recorded as the individual's maximum aerobic speed (Cazorla and Léger, 1993, Rabita et al.,

1999).

2.6 Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics version 27.0 (IBM Corp., Armonk,

NY, USA). Descriptive statistics are presented as mean ± standard deviation (SD). The normality

of data distribution was assessed using the Shapiro–Wilk test. Because both variables were

normally distributed, the relationship between maximum aerobic speed and body fat percentage

was examined using the Pearson's correlation coefficient (r). The magnitude of the correlation

coefficients was interpreted according to Cohen (1988) as small (0.10–0.29), moderate (0.30–

0.49), and large (≥ 0.50). Statistical significance was set at p < 0.05.

Results

Descriptive Statistics

The descriptive characteristics of the participants are presented in Table 1. The mean body fat

percentage was 15.77 ± 1.99%, with values ranging from 11.80% to 19.04%. The mean

maximum aerobic speed (MAS) was 16.31 ± 1.49 km·h⁻¹, with values ranging from 12.40 to

18.70 km·h⁻¹, indicating normal variability in both study variables across the sample.

Table 1. Descriptive characteristics of the participants (n = 25).

Variable Mean ± SD Minimum Maximum

Body fat (%) 15.77 ± 1.99 11.80 19.04

Maximum aerobic speed (km·h⁻¹) 16.31 ± 1.49 12.40 18.70

Normality of Data

Prior to the correlation analysis, the normality of the study variables was assessed using the

Shapiro–Wilk test. Both body fat percentage (W = 0.973, p = 0.733) and maximum aerobic speed
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(W = 0.928, p = 0.079) showed no significant deviation from normality. Therefore, the

assumptions required for the application of Pearson's correlation coefficient were satisfied.

Relationship Between Body Fat Percentage and Maximum Aerobic Speed

Pearson correlation analysis revealed a moderate statistically significant inverse relationship

between body fat percentage and maximum aerobic speed (r = −0.451, 95% CI −0.72 to −0.07, p

= 0.024). According to Cohen's (1988) guidelines, the observed correlation was moderate in

magnitude, indicating that players with lower body fat percentages tended to exhibit higher

maximum aerobic speed values. The coefficient of determination (R² = 0.204) indicated that

approximately 20.4% of the variance in maximum aerobic speed was statistically associated with

body fat percentage (Table 2, Figure 1)

Table 2. Pearson correlation between body fat percentage and maximum aerobic speed (n = 25).

Variables Pearson's r 95% CI R² p-value

Body fat percentage vs. MAS −0.451 −0.72 to −0.07 0.204 0.024

Note. CI = confidence interval; R² = coefficient of determination.
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Figure 1. Scatter plot illustrating the relationship between body fat percentage and maximum

aerobic speed among elite senior football players.

Discussion

The principal finding of the present study was the identification of a statistically

significant moderate inverse association between body fat percentage and maximum aerobic

speed (MAS) among elite senior football players competing in the Algerian Second Division. The

observed correlation (r = −0.451, p = 0.024) supports the study hypothesis and indicates that

players with lower body fat percentages generally achieved higher (MAS) values. These findings

suggest that body composition represents an important factor associated with aerobic running

performance in competitive football. Although fat mass cannot solely explain variations in

aerobic fitness, the present results indicate that excessive adiposity may adversely influence the

capacity to sustain high running velocities during maximal aerobic exercise.
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From a physiological perspective, the observed relationship is consistent with the

multifactorial nature of maximum aerobic speed. As the minimum running velocity associated

with the attainment of maximal oxygen uptake (VO₂max), MAS reflects not only aerobic power

but also running economy and neuromuscular efficiency, making it a comprehensive indicator of

football-specific aerobic performance (Billat, 1996, Buchheit, 2008) . Consequently, any factor

that increases the energetic cost of locomotion is likely to influence the running velocity that can

be sustained at maximal aerobic capacity. In this regard, excess body fat represents metabolically

inactive tissue that contributes to total body mass without enhancing force production. During

running, the transport of additional non-functional mass increases mechanical workload and

oxygen demand, thereby reducing movement efficiency and increasing the relative metabolic cost

of exercise. As a result, players with higher body fat percentages are required to expend more

energy to maintain a given running speed, which may ultimately limit the maximal velocity

achievable through aerobic metabolism (Nikolaidis, 2012, Reilly et al., 2000, Stølen et al., 2005) .

Collectively, these physiological mechanisms reinforce the importance of considering

body composition when evaluating aerobic performance in football. Because match play requires

players to repeatedly accelerate, decelerate, and cover substantial running distances under

intermittent conditions, even relatively small increases in non-functional body mass may

negatively influence locomotor efficiency over the course of prolonged exercise. As a result,

players with higher body fat percentages are required to expend more energy to maintain a given

running speed, which may ultimately limit the maximal velocity achievable through aerobic

metabolism(Nikolaidis, 2012, Reilly et al., 2000, Stølen et al., 2005) .

These findings are generally consistent with previous research demonstrating that

favorable body composition is associated with superior aerobic fitness and physical performance

in football players. Earlier investigations have consistently shown that players with lower levels

of body fat tend to exhibit better physiological profiles and greater physical performance during

both laboratory and field assessments (Nikolaidis, 2012, Reilly et al., 2000) .The moderate

inverse association identified in the present study therefore supports the growing body of

evidence indicating that excess adiposity may compromise aerobic running performance by

increasing the energetic demands of locomotion.

Comparable observations have also been reported in studies examining maximal oxygen

uptake (VO₂max), where greater fat mass was associated with lower relative aerobic capacity (da
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Silva et al., 2015, Esco et al., 2018) . Although those investigations primarily evaluated VO₂max

rather than maximum aerobic speed, their findings remain physiologically relevant because both

variables reflect aerobic fitness and are strongly interconnected. Whereas VO₂max represents the

maximal capacity for oxygen utilization, MAS incorporates this physiological capacity into a

functional running velocity that also reflects running economy under field conditions (Billat and

Koralsztein, 1996, Buchheit, 2008) . Consequently, the present results extend previous evidence

by suggesting that the adverse influence of excess body fat is not limited to laboratory-derived

indicators of aerobic fitness but is also evident in a practical field-based measure that is widely

used for football-specific performance assessment and training prescription.

Despite this agreement with previous literature, the strength of the observed relationship

should be interpreted with appropriate caution. The correlation identified in the present study was

moderate rather than strong, indicating that body fat percentage explains only part of the

variability in maximum aerobic speed. This observation is consistent with the multifactorial

nature of aerobic running performance in football Maximum aerobic speed (MAS) is determined

not only by body composition but also by several physiological and performance-related factors,

including maximal oxygen uptake (VO₂max), running economy, neuromuscular efficiency,

anaerobic capacity, training status, and accumulated competitive experience (Billat and

Koralsztein, 1996, Buchheit, 2008) . Therefore, while optimizing body composition may

contribute meaningfully to improvements in MAS, it should not be considered the sole

determinant of aerobic fitness.

This interpretation is further supported by the coefficient of determination observed in the

present study. Approximately 20.3% of the variability in maximum aerobic speed was statistically

associated with adiposity, indicating that nearly four-fifths of the variance remained unexplained

by this variable alone. Such findings emphasize that aerobic performance in football results from

the interaction of multiple physiological, biomechanical, and training-related adaptations rather

than from any single anthropometric characteristic. Accordingly, the present findings should be

interpreted as evidence that excess adiposity represents one important, but not exclusive,

contributor to aerobic running performance in competitive football players.



Association Between Maximum Aerobic Speed and Body Fat Percentage in Elite Senior Football
Players from an Algerian Second Division Team

Beyond their physiological significance, the findings of the current investigation also

contribute to the existing body of knowledge by examining a football population that has received

limited scientific attention. Most previous research examining the association between body

composition and aerobic performance has been conducted in European professional players or

youth football populations, whereas evidence involving senior players competing in North

African leagues remains scarce. Consequently, the present findings contribute to extending the

existing literature by demonstrating that the inverse relationship between body fat percentage and

aerobic running performance is also evident among elite football players competing in the

Algerian Second Division. Although the physiological mechanisms underlying this association

appear to be consistent across different football populations, the present study provides context-

specific evidence that improves the external validity of previous findings and broadens their

applicability to competitive environments that have been underrepresented in the literature.

From an applied perspective, routine assessment of body composition should form an

integral component of the physical evaluation process in competitive football because it may help

practitioners identify players who could benefit from individualized interventions aimed at

improving aerobic running performance. However, the moderate magnitude of the observed

association also indicates that body composition should not be evaluated in isolation. Instead,

coaches and strength and conditioning professionals should integrate anthropometric assessment

with physiological performance testing to obtain a more comprehensive understanding of each

player's physical profile.

Within this integrated approach, periodic evaluation of maximum aerobic speed using

field-based protocols such as the VAMEVAL test may provide a practical method for monitoring

aerobic fitness throughout the competitive season, while regular assessment of fat mass may

facilitate the early detection of unfavorable changes in body fat percentage. Combining these

complementary measures may support evidence-based decision-making regarding training load

prescription, nutritional interventions, and individualized conditioning strategies designed to

optimize aerobic performance while maintaining appropriate body composition. Such an

approach may ultimately contribute to improving players' physical readiness and supporting

consistent performance throughout the competitive season.

Despite these important findings, several limitations should be considered when

interpreting the results. First, the relatively small sample size and the inclusion of players from a
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single club may limit the generalizability of the results to other competitive levels, age categories,

or football populations. Consequently, caution should be exercised when extrapolating these

findings beyond the specific characteristics of the present sample. Second, the cross-sectional

design permits the identification of statistical associations but does not allow causal relationships

to be established. Therefore, it cannot be concluded that reducing body fat percentage alone

would necessarily lead to improvements in maximum aerobic speed. Finally, body composition

was evaluated exclusively through body fat percentage, whereas other variables known to

influence aerobic running performance, including lean body mass, maximal oxygen uptake,

running economy, and accumulated training load, were not examined. The interaction among

these factors may explain a substantial proportion of the unexplained variability observed in the

present study.

Future research should therefore adopt longitudinal or experimental designs to determine

whether changes in body composition are accompanied by corresponding changes in maximum

aerobic speed throughout different phases of the competitive season. In addition, studies

involving larger multicenter samples across different competitive standards would provide

stronger evidence regarding the generalizability of the present findings. Simultaneous assessment

of physiological, anthropometric, and performance-related variables may also contribute to a

more comprehensive understanding of the complex mechanisms underlying aerobic running

performance in football.

Overall, the present study demonstrates that body fat percentage is moderately and

inversely associated with maximum aerobic speed among elite senior football players competing

in the Algerian Second Division. Although body composition represents only one of several

determinants of aerobic performance, the findings highlight its practical importance within a

multidimensional performance monitoring framework. Accordingly, the combined assessment of

body composition and maximum aerobic speed may assist coaches and strength and conditioning

practitioners in developing more individualized training and nutritional strategies aimed at

optimizing aerobic fitness and maintaining physical readiness throughout the competitive season.

Conclusion

The present findings demonstrate that body fat percentage is moderately and inversely

associated with maximum aerobic speed among elite senior football players competing in the
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Algerian Second Division, emphasizing the relevance of body composition as one of the factors

associated with football-specific aerobic performance. Although body fat percentage explained

only part of the variability in MAS, the observed association highlights the multifactorial nature

of aerobic fitness and underscores the importance of integrating anthropometric and physiological

assessments when evaluating players' physical readiness.

From an applied perspective, the combined assessment of body fat percentage and field-

based maximum aerobic speed may provide coaches and strength and conditioning practitioners

with a practical framework for monitoring players' physical status, individualizing training and

nutritional interventions, and optimizing aerobic performance throughout the competitive season.

Collectively, these findings contribute to the limited evidence available from North African

football populations and provide context-specific information that may assist practitioners

working in similar competitive environments. Future longitudinal and multicenter studies

involving larger and more diverse football populations are warranted to further clarify the

relationship between body composition and aerobic performance and to determine its evolution

across different phases of the competitive season.
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