
Citation: Di Lemme, S.; Accurso, L.;

Castonguay, T.; Fortin, M.; DeMont,

R.; Dover, G. Less Total-Body Fat and

Lower-Extremity Fat Are Associated

with More High-Intensity Running

during Games in Female University

Soccer Players. Appl. Sci. 2024, 14,

8992. https://doi.org/10.3390/

app14198992

Academic Editors: Ana Martins

Amaro and Luís Roseiro

Received: 29 August 2024

Revised: 25 September 2024

Accepted: 28 September 2024

Published: 6 October 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Less Total-Body Fat and Lower-Extremity Fat Are Associated
with More High-Intensity Running during Games in Female
University Soccer Players
Stephanie Di Lemme 1, Lorenzo Accurso 1,2, Tristan Castonguay 1 , Maryse Fortin 1,2,3, Richard DeMont 1,3,4 and
Geoffrey Dover 1,2,3,*

1 Department of Health, Kinesiology, and Applied Physiology, Concordia University, Montreal, QC H4B 1R6,
Canada; stephaniedilemme@gmail.com (S.D.L.); lorenzoaccurso@hotmail.com (L.A.);
tristan.castonguay@concordia.ca (T.C.); maryse.fortin@concordia.ca (M.F.);
richard.demont@concordia.ca (R.D.)

2 Centre de Recherche Interdisciplinaire en Réadaptation du Montréal Métropolitain,
Montreal, QC H3S 1M9, Canada

3 School of Health, Concordia University, Montreal, QC H4B 1R6, Canada
4 Centre for Research in Human Development, Concordia University, Montreal, QC H4B 1R6, Canada
* Correspondence: geoffrey.dover@concordia.ca; Tel.: +1-514-848-2424 (ext. 3304)

Abstract: This study examined the relationship between body composition and on-field, in-game
physical performance in female collegiate soccer players. Body composition, including total mass,
fat mass, and lean tissue mass for the lower extremities and total body, was measured in 10 starting
players using dual energy x-ray absorptiometry (DXA). On-field, in-game physical performance was
tracked via a global positioning system (GPS) over 14 regular-season games, measuring total distance
and distance covered in six speed zones. Players covered 4544.7 ± 495.2 m in the first half of the game
and significantly less distance in the second half (3356.5 ± 1211.7 m, p = 0.004). A repeated measures
ANOVA revealed decreased distances in jogging, low-, and moderate-intensity running during the
second half compared to the first half of the game (p < 0.001). Lower total-body fat mass, total-body
fat percentage, and lower-extremities fat mass were correlated with greater distances at moderate-
and high-intensity running during the second half and entire game (r values from −0.644 to −0.745,
p < 0.01 to 0.04). These findings suggest that body composition can influence the distance covered at
moderate- and high-intensity running speed during competitive games. Training strategies aimed at
reducing fat mass and incorporating high-intensity training may benefit female soccer players and
enhance team success.

Keywords: performance; football; body composition; GPS

1. Introduction

Soccer involves both aerobic and anaerobic activities, with players frequently engag-
ing in high-intensity efforts throughout a match [1]. Advances in technology, such as
miniaturized tracking devices, have enhanced our understanding of the sport’s physical
demands. These devices measure total distance and distance covered at various speeds,
including walking, jogging, and sprinting. On average, elite players cover between 9 and
11 km per game [1–5]. Notably, more distance, especially at high intensities (>18 km/h for
men and >15 km/h for women), is covered in the first half compared to the second [5–11].
Additionally, players at higher competition levels tend to cover greater distances at high
intensities than those at lower levels [4,5]. While a decline in physical performance is
observed in the second half at all levels [5,9,10,12,13], the exact cause remains unclear [5,14].
Fatigue is often suggested as a contributing factor, though it has not been directly mea-
sured [5,12,14,15]. For example, one study found that high-intensity running and repeated
sprints can reduce sprint performance by up to 9% post-match, with fatigue lasting up to
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72 h [15]. However, the relationships between on-field, in-game performance metrics and
fatigue are not yet fully understood [5,14,15].

Previous research suggests that body composition significantly affects soccer players’
performance in physical tests. Players with higher fat mass tend to score lower on aerobic
capacity, sprint, and vertical jump tests compared to those with lower fat mass [16,17].
Seasonal variations in body composition are common, with the lowest body fat observed at
the end of the season and the highest at the start of the pre-season [18,19]. These fluctuations
are associated with slower sprint times as body fat increases [18,19]. While fat mass clearly
influences physical test results, its direct impact on on-field, in-game performance remains
unproven. Although it is widely assumed that more lean mass enhances performance,
studies show that athletes with greater lean mass do not always perform better in sprint or
jump tests [17,20]. This underscores the need for further research to examine how body
composition affects both physical test outcomes and on-field, in-game performance in
soccer players [17,20,21].

A major challenge in comparing data between studies is the inconsistent methods
used to measure body composition and its impact on performance. Many studies rely on
skinfold equations or bioelectrical impedance analysis (BIA) [19,21,22], which, although
practical and inexpensive, can have high variability when used to analyze athletes [23,24].
In contrast, dual-energy x-ray absorptiometry (DXA), which is considered the gold standard
for body composition analysis, provides precise estimates of both regional and whole-body
composition using a three-compartment model (bone mass, lean tissue mass, and fat mass).
DXA is a valid and reliable method for athletes [25–27], especially when evaluating specific
regions such as the lower extremities in soccer players [28–30].

Another challenge in using physical tests to assess soccer performance is their inability
to differentiate high-level players from lower-level ones [1,17,31,32]. Similar sprint test
results have been observed between National Collegiate Association (NCAA) and pro-
fessional European players, as well as between starters and substitutes on professional
teams [7,30]. One study even found that the top male NCAA soccer player had lower
aerobic capacity than his teammates [32], suggesting that tests like VO2 max or sprints don’t
always correlate with higher performance [17,32,33]. Players who excel in these tests may
not necessarily perform better during games [13,17,32–34]. Physical tests assess isolated
skills and fail to capture the complexities of competitive play [21]. While body composition
may influence test results, its impact on on-field, in-game performance remains largely
unstudied [17]. Objective assessments of on-field, in-game performance could offer more
accurate insights than test scores [35].

The gap in the research is twofold. First, DXA is widely recognized as the gold
standard for accurately measuring body composition and body fat percentage, but rarely
used when analyzing athletes [25–27]. Second, previous studies have primarily relied on
static performance tests, such as sprints and jumps, which fail to capture the complexity of
on-field, in-game performance. Therefore, the purpose of our study was to examine the
relationship between body composition, as measured by DXA, and on-field, in-game per-
formance in female college soccer players, which to our knowledge has not been measured
before. Specifically, we examined how total mass, fat mass, and lean mass correlated with
total distance covered and distance covered at different speeds across an entire competitive
season. We hypothesized that (i) players with lower body fat percentages would cover
more total distance and more distance at high-intensity running, (ii) players with lower
body fat would cover more distance in the second half, and (iii) players with greater lean
mass in the lower extremities would cover more distance at high-intensity running.

2. Materials and Methods
2.1. Experimental Approach to the Problem

Each player’s body composition was measured at the beginning of the season using
DXA (Lunar Prodigy Advance, HealthCare, Madison, WI, USA). We collected body compo-
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sition measurements for the total body and the lower extremities, including total mass, fat
mass (in kg and percentage), and lean tissue mass (in kg and percentage).

On-field, in-game physical performance data were collected over 14 regular season
games, focusing on speed zones consistent with previous studies [13,36,37]. These zones
were adjusted to reflect speeds typically observed in female soccer matches, ensuring our
analysis accurately represents the demands on female athletes. We measured total distance
covered, as well as distances for standing/walking (0–6.0 km/h), jogging (6.1–8.0 km/h),
low-intensity running (8.1–12.0 km/h), moderate-intensity running (12.1–15.5 km/h), high-
intensity running (15.6–20.0 km/h), and sprinting (>20.0 km/h) [36]. These speed zones
were based on data from female soccer players competing in the NCAA and motion-analysis
studies on high-level and professional female players [13,36,37].

We reduced the data from the 14 games, excluding any data obtained during warm-up,
halftime, or cool-down. Only physical performance data collected during the first and
second halves were analyzed. We focused on on-field, in-game physical performance
measures from players who started and remained on the field for the entire game, thereby
excluding the need to account for substitutions.

2.2. Subjects

Ten female university-level soccer players (age 20.3 ± 1.6 years, height 164.98 ± 6.87 cm,
weight 64.22 ± 8.79 kg) participated in the study. While we acknowledge that 10 athletes is not
a large sample size, we selected the starting players to create a homogeneous group, minimiz-
ing variability in performance metrics related to playing time and position. Goalkeepers were
excluded due to their unique physical demands, which differ significantly from other players
in terms of distance covered, high-intensity running, and overall energy expenditure. Includ-
ing goalkeepers would introduce variability unrelated to the study’s focus on the relationship
between body composition and consistent on-field, in-game performance metrics. Similarly,
players who came off the bench were excluded because their inconsistent playing time would
introduce variability in distance covered, which is more related to their limited minutes on the
field rather than their fitness or fatigue levels. By focusing on starters who played full matches,
we minimized variability related to playing time and position, allowing for a more controlled
analysis of the body composition’s impact on on-field, in-game performance. Although larger
sample sizes are preferable for generalizability, this approach was necessary to address our
research question regarding the relationship between body composition and on-field, in-game
performance.

We obtained approval for this protocol from the Human Research Ethics Committee
(Cert# 30010037). All players were informed of the study’s purpose, risks, and benefits, and
those who wished to participate completed the informed consent.

2.3. Procedures
2.3.1. Body Composition

All DXA scans were conducted by a certified technician following standardized proce-
dures. Participants wore loose, non-metallic clothing, removed all jewelry, and maintained
consistent hydration. Scans were scheduled at similar times of day to minimize diurnal
variations. Participants were positioned supine in the center of the scanner with arms
slightly away from the torso, thumbs pointing upward, legs straight, and feet slightly apart
with toes pointing upward. This consistent positioning ensured uniformity across all scans.
The lower-extremity boundary was defined by a line bisecting the hip joint from the iliac
crest to the pubis. Participant data (age, height, weight, and ethnicity) were entered into
the system for accurate calibration. The DXA machine was calibrated according to the
manufacturer’s guidelines. Each scan took approximately 15 min, measuring both total
and regional body composition using a three-compartment model (bone mass, lean tissue
mass, and fat mass).
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2.3.2. On-Field, In-Game Physical Performance Assessment

Before each game, players were equipped with a 10 Hz global positioning system
(GPS) device (Polar Team System, Polar Electro, OY, Finland). GPS technology has been
widely validated as a reliable and accurate tool for measuring distances, speeds, and
movement patterns in field sports, particularly for soccer [38–40]. Players were already
familiar with these devices, having used them in both training and competition during
the previous season. Each GPS unit was securely placed below the chest using a strap,
following the manufacturer’s guidelines to ensure consistent positioning across all players.
After each game, the devices were collected, and performance data were downloaded to
a computer. To focus solely on in-game activity, we excluded any data recorded during
warm-up, halftime, or cool-down. We also removed all data recorded before the start of the
game (see Figure 1). To ensure data reliability, each device’s signal strength was checked
before the game. The 10 Hz sampling rate provided high-resolution data, effectively
capturing dynamic soccer movements. Throughout the study, there were no issues with
signal dropouts or data loss.
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2.4. Statistical Analyses

We used a paired t-test to compare the total distance covered during the 1st and
2nd halves of the game. A repeated measures ANOVA with a Tukey post hoc test was
performed to compare the distance covered in each speed zone between the two halves.
Pearson product-moment correlations were employed to assess the relationships between
each on-field, in-game performance variables and each body composition variable.

Normality tests were conducted to verify that the assumptions for parametric methods
were met. Before performing the paired t-test, we assessed the normality of the difference
in distances covered between the 1st and 2nd halves using the Shapiro–Wilk test, which
confirmed that the data were normally distributed (W = 0.899, p = 0.212). The paired t-test
revealed a significant difference between the halves (t(9) = 3.882, p = 0.004), with players
covering an average of 1188.15 m more in the 1st half (M = 4544.69, SD = 495.27) compared
to the 2nd half (M = 3356.53, SD = 1211.65). The effect size, measured by Cohen’s d, was
1.228, 95% CI [0.375; 2.043].

Before performing the repeated measures 2 × 6 ANOVA, we assessed the normality
of the data for each speed zone in both halves using the Shapiro–Wilk test, confirming that
the normality assumption was met, with p-values greater than 0.05 for each speed zone.
Mauchly’s test indicated that the assumption of sphericity was violated for both the Zone
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effect (χ2(14) = 51.414, p < 0.001) and the Half × Zone interaction (χ2(14) = 66.627, p < 0.001).
To account for this, the Greenhouse–Geisser correction was applied to adjust the degrees of
freedom. The ANOVA revealed a significant interaction between halves and speed zones
(F(1.364, 12.272) = 8.785, p = 0.008), with a partial eta squared (η2) of 0.494, indicating a
medium to large effect size.

We categorized correlations based on the framework outlined by Hopkins et al. [41].
Correlations were considered small for values ≥0.3, moderate for values ≥0.5, large for
values ≥0.7, and very large for values ≥0.9 [41]. This classification has been widely used in
sports science to interpret the strength of relationships between variables [41]. The level of
significance was set at p < 0.05, and all analyses were conducted using SPSS version 24.

3. Results
3.1. On-Field, In-Game Physical Performance

The distance covered in each speed zone, as well as the total distances covered in
the first half, second half, and entire game, are presented in Table 1. On average, players
covered 7901.2 ± 1577.9 m per game, with significantly less distance covered in the second
half (3356.5 ± 1211.7 m) compared to the first half (4544.7 ± 495.2 m, p = 0.004). Players
covered more distance at moderate-intensity running in the first half (696.9 ± 53.6 m) than
in the second half (464.0 ± 86.5 m, p < 0.001). Additionally, significantly more distance
was covered while jogging and during low-intensity running in the first half (jogging:
623.7 ± 28.8 m; low-intensity running: 1453.4 ± 88.1 m, p < 0.001) compared to the second
half (jogging: 424.1 ± 48.3 m; low-intensity running: 988.0 ± 131.6 m, p < 0.001).

Table 1. Average distances covered by starting female university soccer players in six speed zones
per game throughout the season, comparing first half, second half, and the entire game distances.

Speed Zone First Half (m) Second Half (m) Entire Game (m)

Standing/walking 1403.39 (200.58) 1335.69 (494.22) 2739.09 (624.66)
Jogging 623.65 (90.94) * 424.07 (152.87) 1047.72 (189.84)

Low-intensity running 1453.46 (278.43) * 987.95 (416.29) 2441.41 (614.23)
Moderate-intensity running 696.94 (169.42) * 463.99 (273.55) 1160.93 (423.61)

High-intensity running 294.04 (113.02) 236.27 (128.42) 530.31 (236.34)
Sprinting 73.20 (41.48) 67.51 (37.72) 140.70 (76.89)

Total distance covered 4544.69 (495.27) * 3356.53 (1211.64) 7901.22 (1577.93)
Data are presented as mean (standard deviation). Abbreviations: m, meter. *: Significantly greater compared to
the second half.

3.2. Relationship between Body Composition and On-Field, In-Game Physical Performance

Players’ body composition measures are shown in Table 2, while correlations between
body composition and on-field, in-game performance measures are presented in Table 3. Fat
mass, percentage body fat, lower-extremity fat mass, and lower-extremity total mass were
significantly correlated with the distance covered at moderate- and high-intensity running.

Table 2. Demographic characteristics and body composition measures of 10 starting female university
soccer players at the start of the season.

Variable Mean (SD)

Age 20.3 (1.6)
Height (cm) 164.98 (6.87)
Total-body mass (kg) 64.22 (8.79)
Trunk mass (kg) 30.00 (4.44)
Lower-extremities mass (kg) 23.04 (3.46)
Arms mass (kg) 6.92 (0.99)
Total lean tissue mass (kg) 44.23 (4.09)
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Table 2. Cont.

Variable Mean (SD)

Trunk lean tissue mass (kg) 11.48 (7.15)
Lower-extremities lean tissue mass (kg) 15.17 (1.90)
Arms lean tissue mass (kg) 3.50 (0.92)
Total fat mass (kg) 17.39 (5.39)
Trunk fat mass (kg) 7.73 (3.26)
Lower-extremities fat mass (kg) 6.87 (1.73)
Arms fat mass (kg) 1.99 (0.57)
Total-body fat (%) 26.58 (5.11)
Trunk fat mass (%) 25.64 (7.39)
Lower-extremities fat mass (%) 29.50 (3.72)
Arms fat mass (%) 29.67 (4.93)

Abbreviations: SD, standard deviation; cm, centimeter; kg, kilogram; %, percentage.

Table 3. Pearson product-moment correlations between body composition measures and on-field,
in-game physical performance, as indicated by distances covered at moderate- and high-intensity
running, in starting female university soccer players during the first half, second half, and entire game.

Distance Covered during the First
Half

Distance Covered during the
Second Half

Distance Covered over the
Entire Game

Moderate-
Intensity
Running

High-Intensity
Running

Moderate-
Intensity
Running

High-Intensity
Running

Moderate-
Intensity
Running

High-Intensity
Running

Total-body mass −0.543, p = 0.11 −0.583, p = 0.08 −0.564, p = 0.09 −0.610, p = 0.06 −0.582, p = 0.08 −0.610, p = 0.06
Total-body fat mass −0.545, p = 0.10 −0.578, p = 0.08 −0.674, p = 0.03 −0.701, p = 0.02 −0.653, p = 0.04 −0.658, p = 0.04

Total-body fat percentage −0.536, p = 0.11 −0.549, p = 0.10 −0.704, p = 0.02 −0.718, p = 0.02 −0.670, p = 0.03 −0.654, p = 0.04
Total-body lean mass −0.409, p = 0.24 −0.457, p = 0.89 −0.297, p = 0.41 −0.355, p = 0.32 −0.356, p = 0.31 −0.412, p = 0.24

Lower-extremities total mass −0.612, p = 0.06 −0.679, p = 0.03 −0.608, p = 0.06 −0.676, p = 0.03 −0.638, p < 0.01 −0.692, p = 0.03
Lower-extremities fat mass −0.531, p = 0.11 −0.629, p = 0.05 −0.669, p = 0.03 −0.745, p = 0.01 −0.644, p = 0.04 −0.706, p = 0.02

Lower-extremities fat
percentage −0.368, p = 0.30 −0.460, p = 0.18 −0.601, p = 0.07 −0.666, p = 0.04 0.536, p = 0.11 −0.582, p = 0.08

Lower-extremities lean mass −0.604, p = 0.07 −0.644, p < 0.01 −0.490, p = 0.15 −0.539, p = 0.11 −0.558, p = 0.09 −0.601, p = 0.07

Bold values indicate statistical significance (p < 0.05).

3.3. Total Fat Mass and Percent Body Fat’s Relationship with On-Field, In-Game Performance

A significant correlation was observed between lower total fat mass and greater dis-
tances covered at moderate-intensity (r = −0.674, p = 0.03) and high-intensity running
(r = −0.701, p = 0.02) during the second half. Similar correlations were found across
the entire game for moderate-intensity (r = −0.653, p = 0.04) and high-intensity run-
ning (r = −0.658, p = 0.04). Additionally, players with lower total percentage body fat
showed significant correlations with greater distances covered at moderate-intensity run-
ning (r = −0.704, p = 0.02) and high-intensity running (r = −0.718, p = 0.02) during the
second half. Across the entire game, lower total percentage body fat was correlated with
greater distances covered at moderate-intensity (r = −0.670, p = 0.03) and high-intensity
running (r = −0.654, p = 0.04).

3.4. Lower-Extremities Fat Mass’s Relationship with On-Field, In-Game Performance

Significant correlations were found between lower fat mass in the lower extremities
and greater distances covered at moderate-intensity (r = −0.669, p = 0.03) and high-intensity
running (r = −0.745, p = 0.01) during the second half. Additionally, players with lower fat
mass in the lower extremities showed significant correlations with more distance covered
at moderate-intensity (r = −0.644, p = 0.04) and high-intensity running (r = −0.706, p = 0.02)
over the entire game compared to players with more fat mass in the lower extremities.
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3.5. Lower-Extremities Total Mass’s Relationship with On-Field, In-Game Performance

Significant correlations were observed between lower total mass in the lower ex-
tremities and greater distances covered at high-intensity during the first half of the game
(r = −0.679, p = 0.03) and moderate-intensity during the second half (r = −0.669, p = 0.03).
Throughout the 90-min game, players with lower total mass in the lower extremities cov-
ered more distance at moderate-intensity (r = −0.638, p < 0.01) and high-intensity running
(r = −0.692, p = 0.03).

Players’ lower-extremities lean mass was negatively correlated with the distance
covered at high-intensity running during the first half of the game (r = −0.644, p < 0.01).
No other significant relationships were found between lean mass and measures of on-field,
in-game physical performance.

4. Discussion

The purpose of this study was to examine the relationship between body composition
and on-field, in-game measures of physical performance. We investigated how total-
body and lower-extremities body composition related to the distance covered in different
speed zones within a female university soccer team. The average total distance covered
per game in our study (7901.2 ± 1577.9 m) was slightly higher than a previous study
(7481.96 ± 958.57 m) [10]. Unlike Wells et al., who included in-game performance measures
for players competing for over 55 min, our study focused on players competing for the full
90 min [10]. This difference in total playing time may explain why our players covered
more distance on average. Our findings suggest that players covered more total distance
and more distance at moderate-intensity running in the first half compared to the second
half. The decline in total distance during the second half is consistent with previous
reports on professional soccer players [4,6–8,10]. Additionally, the reduction in moderate-
speed running (12.1–15.5 km/h) during the second half aligns with findings from previous
research on female college soccer players [10,36].

The decline in on-field, in-game physical performance during the second half may
be attributed to fatigue [5,14,15]. While our results, along with previous studies, noted
a decrease in distance covered, no study has directly investigated the cause of this de-
cline [5,14,15]. Players with higher fat mass may use energy less efficiently during hor-
izontal movements like running, contributing to reduced performance throughout the
game [42,43]. The ability to cover large distances at high intensity is crucial for elite soc-
cer players [44]. Recent reports suggest that high-intensity running and sprinting occur
during critical moments, such as winning the ball, maintaining possession, contributing to
goals, or preventing opponents from scoring [11,45,46]. Body composition may influence
performance in these decisive situations and throughout the game. Soccer players with
higher total-body mass and fat mass tend to perform worse on sprint and aerobic capacity
tests compared to those with lower body mass and fat [17,42,43]. Players with lower fat
mass typically have faster sprint times, higher aerobic capacity, and improved agility and
strength [47], which is consistent with our findings that lower fat mass is associated with
greater distances covered at moderate and high intensities. Although physical tests don’t
directly translate to in-game situations, slower sprint times and lower aerobic capacity may
lead to less high-intensity running over a 90-min game [48].

Our study demonstrates significant relationships between body composition and
on-field, in-game physical performance. The body composition values observed in this
soccer team are slightly higher than those reported for female university players in the
NCAA [31,49]. Players with lower total-body fat (both in kg and %) and lower fat in their
lower extremities (kg) covered more distance at moderate- and high-intensity running
during both the second half and the entire game. In contrast, players with higher body fat
and more fat in their lower extremities covered less distance at these intensities. Coaches
might aim to increase the distance players cover at high intensity, as this has been shown
to enhance individual player performance. For example, top-class female soccer players
on national teams perform 28% more high-intensity running (>18 km/h) compared to
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high-level players in domestic leagues [4]. Similar patterns have been observed in male
professional players, suggesting that high-intensity running can distinguish players across
different competition levels [2]. Maximizing high-intensity running and maintaining consis-
tent performance throughout both halves of the game could give teams a competitive edge.
Therefore, coaches might focus on increasing players’ high-intensity running distances to
boost team success.

Very few studies have examined the factors influencing on-field, in-game physical
performance in soccer players. One study found significant correlations between changes
in body composition and on-field, in-game performance outcomes [50]. Specifically, a
reduction in body fat percentage and an increase in fat-free mass were linked to improved
squat and bench press performance [50]. Another study reported significant differences in
body composition metrics, such as fat mass and fat-free mass, between elite and non-elite
young soccer players [51]. Elite players had lower fat mass and higher fat-free mass, which
were associated with better performance in physical tests, such as the 15-m sprint, repeated-
sprint ability, and countermovement jumps [51]. However, physical tests like sprints
do not always directly translate to higher on-field, in-game performance or competitive
success [13,17,32–34]. Players who excel in these tests do not necessarily perform better
in games [13,17,32–34]. Research suggests that high-intensity running distance during
games is related to players’ aerobic capacity, vastus lateralis thickness, and vastus lateralis
pennation angle in the dominant leg (R = 0.989, SEE = 115.5 m, p = 0.001) [31]. Muscle
architecture may be a key predictor of on-field, in-game physical performance in female
college soccer players [31,47]. Thus, body composition measurements can provide valuable
insights into soccer players’ on-field, in-game physical performance.

While we found significant correlations between body composition and on-field, in-
game performance metrics, other factors may also influence performance. These factors
include overall fitness, technical and cognitive skills, psychological traits, tactical changes,
match location, and match status, all of which can impact both body composition and
performance. In our study, all participants were starters who consistently played full
matches and followed a standardized training program that included endurance and
strength sessions. Despite this, there was variability in overall fitness among the players. In
addition to fitness, high-level soccer players must possess advanced technical and cognitive
skills and may exhibit distinct physiological attributes [52]. Psychological traits, such as
hope for success, task orientation, self-optimization, and self-efficacy, have been shown to
influence recruitment in competitive academies [53]. Although no studies have directly
examined the relationship between psychological factors and on-field, in-game physical
performance, these factors are likely crucial. External influences such as the quality of the
opponent, match location, and match status can also affect performance. Research shows
that players tend to cover more distance and engage in more high-intensity running against
higher-ranked opponents due to increased physical and tactical demands [6,54]. Similarly,
players perform more high-intensity running when their team is winning compared to when
they are losing, likely due to differing tactical strategies [6,55]. Additionally, match location
can impact performance, as playing at home may provide psychological advantages, while
away games can introduce unfamiliar environmental factors [6]. These external factors
underscore the need to assess on-field, in-game performance across multiple games or an
entire season to account for these variations and gain a more comprehensive understanding
of player and team performance [6].

We did not find any significant relationships between total-body or lower-extremities
lean mass and on-field, in-game physical performance. While DXA provides a precise
estimation of total and regional lean mass distribution, it does not assess muscle quality or
muscle fiber type. Specific muscle characteristics, such as muscle fiber composition, may
influence aerobic and anaerobic capacities. Endurance athletes, for example, tend to have a
higher proportion of slow-twitch fibers compared to athletes in sports that require speed,
agility, and power [56]. Competitive soccer requires both large aerobic endurance and the
ability to perform short, intense bouts of anaerobic activity. To our knowledge, only one
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study has measured muscle characteristics of the vastus lateralis in soccer players [57]. The
relationship between muscle characteristics and on-field, in-game physical performance
has not yet been established. Muscle fiber type may influence an athlete’s ability to perform
both short-term intense running and long-distance efforts, which could explain why we did
not find a significant relationship between lean mass and on-field, in-game performance.

While our findings suggest that reducing body fat can enhance performance at moder-
ate and high intensities, it is crucial to adopt a holistic approach that considers the trade-offs
involved in targeting body composition changes. Focusing solely on fat reduction without
adequate attention to lean mass preservation, recovery, and overall health may result in
unintended consequences such as muscle loss, increased injury risk, and diminished recov-
ery capacity. Adhering to the principle of specificity and incorporating tailored nutritional
strategies is essential for optimizing both performance and body composition. Additionally,
body composition should be carefully monitored, especially in female athletes, as drastic
changes can impact not only physical performance but also mental health and overall well-
being. Excessive focus on body composition in female athletes may lead to issues such as
disordered eating, menstrual dysfunction, and long-term health consequences. For a com-
prehensive review of how to address body composition in female athletes, Clemente-Suárez
et al. (2024) provide an excellent analysis of the interplay between dietary practices, body
composition, and sports performance, offering valuable insights and recommendations [58].

To our knowledge, this is the first study to assess the relationship between body
composition and direct measurements of on-field, in-game physical performance in soccer
players. Future research should begin by increasing the sample size through the inclusion
of players from multiple teams, which would improve the generalizability of findings and
allow for comparisons across different team environments and playing styles. Expanding
the scope to include players in various positions (defenders, midfielders, attackers) could
also provide valuable insights into how total and regional body composition correlates with
on-field, in-game performance, as these factors can vary significantly by position [9,34,59].
Moreover, longitudinal studies tracking body composition changes across a single season
or multiple seasons would be particularly useful in understanding how fluctuations in fat
and lean mass correlate with performance. Measuring body composition at multiple points
during the season would clarify the effects of fatigue, recovery, and training load on perfor-
mance over time. Further research should explore muscle characteristics and psychological
factors—such as mental fatigue, motivation, and resilience—that likely affect performance,
particularly in the second half of games. Investigating these psychological aspects alongside
physical metrics would offer a more comprehensive view of performance determinants.
Finally, examining training regimens that optimize both physical and psychological factors
could further improve our understanding of performance outcomes and provide practical
strategies for enhancing player development and on-field, in-game performance.

5. Limitations

This study has several limitations that may affect the generalizability and interpreta-
tion of its findings. First, the sample size of ten female university soccer players is relatively
small, limiting the statistical power and its applicability to larger or more diverse popula-
tions. By focusing solely on starters who consistently played full 90-min games, we ensured
a homogeneous group but restricted the findings to this specific population. Importantly,
while the study identified correlations, it does not imply causation. Future research with
larger, more diverse samples is necessary to validate these findings and explore potential
differences across player positions and sexes.

Second, although DXA is considered the gold standard for body composition mea-
surement, it has certain limitations. It does not assess muscle quality, fiber type, or track
changes throughout the season. Hydration status can influence lean mass estimates, and
while we controlled for this by conducting scans during a recovery period with consistent
hydration, the measurements still provide only a single snapshot. Additionally, DXA
cannot differentiate between intracellular and extracellular water, which can impact the
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accuracy of lean mass estimates. Furthermore, future studies should adopt longitudinal
designs to assess body composition changes over time.

Third, external factors such as tactical adjustments, environmental conditions, and psy-
chological states (e.g., mental fatigue, motivation) were not considered but may influence
performance. For instance, the second-half decline in performance could be attributed to
fatigue or other factors like match status. Additionally, variability in adherence to recovery
protocols and nutrition strategies was not controlled. Future research should assess psy-
chological and cognitive factors, as they are increasingly recognized as critical to physical
performance in competitive sports.

6. Conclusions

Body composition affects the distance players cover at moderate- and high-intensity
running during games. Soccer players’ body composition fluctuates throughout the year,
with significant increases in total-body mass and fat mass often reported during the off-
season [60,61]. Our study emphasizes the importance of off-season training to maintain
optimal body composition and physiological fitness. Players who adhere to proper off-
season and pre-season training programs may experience improved on-field, in-game
physical performance throughout the season. Following the principle of specificity, soccer
training should incorporate anaerobic bouts that mimic the high-intensity efforts required
during a 90-min game. Training strategies aimed at reducing excess body weight and fat
mass may help players use energy more efficiently and maintain stable performance during
the second half of the game. For instance, tailored nutritional strategies can significantly
influence body composition and, consequently, athletic performance [62]. Additionally,
high-intensity interval training and small-sided games have been shown to improve both
body composition and performance metrics in youth female soccer players [63]. Maximiz-
ing total distance covered, particularly at moderate and high intensities during the second
half, can provide players with a competitive advantage and contribute to team success.
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