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Abstract

With a plethora of anthropometric and body composition
measurements, may be challenging for soccer technical staff
determining the most suitable protocol for their players.
Objectives: Therefore, the aim of the study was to analyze
the correlations of anthropometric measures and fat per-
centage obtained by different protocols with the physical
performance of male professional soccer players. Addition-
ally, the study aimed to propose cutoff points for anthropo-
metric measures and fat percentage.
Methods: Fifty-two male soccer players (24.60 ± 4.98 years)
from a state championship’s second division participated.

The sum of skinfolds and fat percentagewere obtained using
four reference protocols (Pollock seven-skinfolds, Jackson
and Pollock three-skinfolds, Jackson and Pollock three-
skinfolds of the upper limbs, and Faulkner four-skinfolds).
Physical performance was assessed by squat jump, counter
movement jump, 30 cm drop jump, 20 m sprint, and YoYo
intermittent recovery level 1 (YoYoIRL1) tests. Pearson,
Spearman, and ROC curve analysis were used considering
α<0.05 as significance level.
Results: Significant correlations occurred between the
abdominal skinfold (r=−0.579), chest, abdominal, and front
thigh skinfolds sum (rho=−0.518), and the Jackson and
Pollock fat percentage protocol using these skinfolds
(r=−0.534) with the YoYoIRL1 (all p<0.001). Cutoff points
for these measurements were determined to be 20mm
(area under the curve (AUC)=0.800, sensitivity=92.7 %,
specificity=63.6 %), 33 mm (AUC=0.783, sensitivity=68.3 %,
specificity=81.8 %), and 13 % (AUC=0.787, sensitivity=95.1 %,
specificity=54.5 %), respectively.
Conclusions: Therefore, the soccer technical staff can imple-
ment these measures, largely associated with physical perfor-
mance, in players with characteristics similar to the evaluated
group. The proposed cut-off points provide a practical alter-
native for integration into other monitoring strategies.
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Introduction

Soccer requires players to excel in physical, technical,
tactical, and psychological aspects [1]. Physical training
has prioritized improving anaerobic fitness to adapt to
the increasing prevalence of high-intensity actions in a
sport that also requires aerobic actions [2]. Additionally,
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anthropometric and body composition measurements
may correlate with the anaerobic and aerobic perfor-
mance of soccer players [3–7]. Therefore, these measures
are often monitored to enhance or maintain optimal
values for professional soccer players.

Body mass and skinfolds assessment are anthropo-
metric methods used to evaluate the body composition, as
skinfold values have been utilized to estimate the percentage
of body fat [8]. Various calculations are used to estimate body
fat percentage inmen’s soccer routines [9], including Pollock
protocol with seven skinfolds, variations of the Jackson and
Pollock protocol with three skinfolds [10], and the Faulkner
protocol with four skinfolds [11], which are widely utilized
by Brazilian soccer teams as well as by sports scientists [12].
The body fat percentages assessed by these protocols showed
correlations ranging from r=0.82 to 0.88 with the body fat
percentage measured by Dual-Energy X-ray Absorptiometry
(DXA) in soccer players [13, 14]. These protocols vary in the
number and location of skinfold sites and in their equations,
which can produce different fat percentage values for the
same athlete and, consequently, different associations with
performance. With a plethora of existing approaches [9], it
may be challenging for soccer technical staff determining
the most suitable protocol for their players. In line with this,
a practical protocol is needed considering the chaotic
schedule typically seen in the soccer scenario, which limits
the logistics of applying a set of assessments that require a
significant amount of time.

Studies have observed associations among anthropo-
metric measurements and fat percentage with soccer
players physical performance, but there is no consensus on
its associations [3–7]. Excess fat mass increases the energy
cost of movement and may reduce relative strength and
power, potentially impairing both aerobic and anaerobic
performance [15]. The decrease in relative strength and
power adds to other factors that also influence perfor-
mance, such as playing position, training history, and
nutrition. To the best of our knowledge, there is a lack of
research examining the correlations between different
protocols for summing skinfolds, fat percentage calcula-
tions, and the physical performance in professional male
soccer players. This analysis could assist soccer technical
staff in selecting anthropometric measurement and fat
percentage protocols that aremost strongly associated with
physical performance. In addition, if strong correlations
are identified, it will also be possible to suggest cut-off
points for anthropometric measurements and fat percent-
age protocols. These measurements can support decision-
making during periods when fitness testing is not feasible,

while respecting that theymay differ across teams, leagues,
and countries.

Due to the above-mentioned gaps on this topic and
considering the potential practical application, this study
aimed to analyze the correlations of anthropometric mea-
sures and fat percentage obtained by different protocols
with the physical performance of male professional soccer
players. Additionally, this study also aimed to propose
cutoff points for anthropometric measures and fat per-
centage. Based on previous studies [3–7], it was hypothe-
sized that anthropometric measurements and the fat
percentage obtained by the different protocols would be
correlated with the physical performance of professional
soccer players. The summary of this article is presented in
Figure 1.

Materials and methods

Participants

A total of 52 male soccer players (24.60 ± 4.98 years) partic-
ipated in this study, including 15 forwards, 10 full-backs, 16
midfielders, and 11 central defenders. All players competed
in state championship’s second division. The sample sizewas
determined using G*Power 3.1 (Heinrich Heine, Düsseldorf,
Germany). The statistical test selected for the sample size
estimation was the correlation: bivariate normal model
(two-tailed), considering 80 % power and a correlation co-
efficient (r=−0.38) between the sum of eight skinfolds and
the distance covered on the YoYo intermittent recovery
level 1 (IRL1) among male soccer players in a Brazilian state
competition [7]. This calculation indicated the requirement
for 52 players. Male soccer players from three Brazilian
teams, all based in the state of Rio Grande do Sul, competing
in the same regional professional competition, were
included. The players were in the initial phase of the tour-
nament’s pre-season preparation. Teams engage in regular
training sessions, occurring five to six days per week,
with an average duration of 1 h and 10 min per session. The
team’s medical clearance determined eligibility. The goal-
keepers were excluded from the analysis. Participants were
informed of the risks and benefits of the assessment prior to
data collection. Participants provided their written consent.
The study (No. 2.903.811) received approval from the ethics
committee of Federal University of Rio Grande do Sul and
adhered to the ethical guidelines of the Declaration of Hel-
sinki by the World Medical Association, as published in the
British Medical Journal on July 18, 1964.
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Procedures

Initially, players were invited to participate, and the study’s
objectives and methodology were explained. Subsequently,
participants signed a free and informed consent form. The
technical committee was instructed to avoid high-load

training sessions before the tests. Additionally, players
were advised to maintain their regular dietary habits. Age,
body mass, stature, and skinfold measurements were taken
to analyze the players’ anthropometric profile and fat per-
centage. Following these measures, players completed 5 min
of dynamic stretching and 5 min of exercises simulating

Figure 1: Graphical representation of this study. Key points: (1) this study bridges applied sports science and practice by identifying anthropometric and
fat percentage measures most strongly associated with professional soccer players’ physical performance, focusing on mechanisms related to aerobic
capacity and body composition. (2) Fifty-two male professional soccer players were assessed for body composition (skinfolds and fat percentage) and
performance (jumps, sprint, and YoYo IRL1), with cutoff points derived through receiver operating characteristic (ROC) analysis. (3) Abdominal skinfold
(20 mm), sum of chest-abdomen-thigh skinfolds (33 mm), and fat percentage (13 %) (Jackson & Pollock three-skinfold protocol) emerged as practical
thresholds with translational application for fitness monitoring and decision-making in professional soccer. Figure created with BioRender.
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vertical jumps. After the squat jump (SJ), countermovement
jump (CMJ), and 30 cm drop jump (DJ), players moved to the
soccerfield for another 5-min specificwarm-up for the sprint
test. Finally, players performed the 20 m sprint test and the
YoYo IRL1 tests.

Anthropometric profile and fat percentage

Initially, players reported their age and stood barefoot on a
scale (G-TECH – Accumed Produtos Médico Hospitalares
Ltda, Duque de Caxias, Brazil) with a resolution of 100 g to
measure body mass. To measure stature, players assumed
an orthostatic position against a wall with a vertically fixed
measuring tape with a resolution of 1 cm. Skinfold mea-
surements (triceps, biceps, chest, subscapular, middle
axillary, supraspinale, abdominal, front thigh, and medial
calf) were taken on the right side of the body using a body
fat plicometer (CESCORF, Porto Alegre, Brazil) with a res-
olution of 0.1 mm. Measurements were conducted twice,
and the average was recorded by the same experienced
evaluator for subsequent data processing. All measure-
ments were performed using ISAK (International Society
for the Advancement of Kinanthropometry) standardized
procedures.

The data were processed using an Excel spreadsheet
(MICROSOFT CORPORATION –Washington, USA) created by
the researchers. The sum of the skinfolds was calculated by
adding the measurements obtained from the nine skinfold
sites. Moreover, four additional sums of skinfolds were
calculated. The sum of four skinfolds corresponding to the
Faulkner protocol (triceps, subscapular, supraspinale, and
abdominal) [11]; the sum of seven skinfolds corresponding to
the Pollock protocol (chest, middle axillary, triceps, sub-
scapular, abdominal, supraspinale, and front thigh) [16]; the
sum of three skinfolds corresponding to the Jackson and
Pollock protocol (chest, abdominal, and front thigh) [16]; and
the sum of three skinfolds corresponding to the Jackson and
Pollock protocol (chest, triceps, and subscapular) [16]. The
Faulkner protocol [11] was employed to calculate the per-
centage of fat, while others were used to determine body
density [16]. Subsequently, the obtained body density values
were utilized to calculate the percentage of fat using the Siri
equation [17]. The protocols used are detailed in the Sup-
plementary Material.

Vertical jumps

Players were instructed to perform three attempts for each
type of jump assessed. There was a 30-s interval between
attempts, with a 2-min break between different types of

jumps. A contact mat was used for evaluation (JUMP SYS-
TEM, CEFISE, Nova Odessa, Brazil). For the SJ assessment,
players began from an upright position with hips and knees
flexed approximately 90°, and hands remained on hips.
Upon command, players swiftly extended their hip and knee
to perform the jump without using countermovement [18,
19]. For CMJ, players started from an upright position with
hands on their waist. Upon command, players swiftly flexed
their hip and knee (approximately 90°), followed by a bal-
listic extension of these joints for jumping [18, 19]. For the DJ
assessment, players began from an upright position with
hands-on waist and atop a 30 cm box. Then, players jumped
from the box, and upon touching the contact mat with their
feet, swiftly flexed their hips and knees, followed by the
extension of these joints to perform the jump [20]. Players
were encouraged to jump as high as possible with minimal
contact time.

Jump heights were calculated using the Jump System 1.0
software (JUMP SYSTEM, CEFISE, Nova Odessa, Brazil). The
calculation usedwas h=g × t2/8, where “h” is the height, “g” is
the value of the acceleration due to gravity, and “t” is the
flight time. The highest height attained in each jump was
used for analysis. The data from the current study yielded
intraclass correlation coefficients and Cronbach’s α co-
efficients for SJ (0.970; 0.988), CMJ (0.975; 0.988), and DJ
(0.956; 0.982).

20m sprint

The 20 m sprint test measured the players’ speed. Timing
was done using a photocell system placed at both the start
and end of the route, with a 1 ms resolution (CEFISE, São
Paulo, Brazil). The photocells were positioned at a height of
100 cm from the ground. Players completed two attempts
with a 3-min interval between them. They commenced
from a position 30 cm away from the first photocell while
standing up with the leg preferably in front. They sprinted
at maximum intensity until passing the last photocell,
allowing the timing system to capture the time taken to
cover 20 m [21–23]. An audible signal marked the start of
the test. Players were directed to continue running beyond
the last photocell to a cone positioned 5 m away. This in-
struction ensured the maintenance of their speed until the
completion of the test. For data analysis, the shortest time
in seconds from the two attempts was utilized. The average
speed on the course was calculated by dividing the dis-
tance covered in the test by the running time and then
converting it to kilometers per hour. The data from the
current study resulted in intraclass correlation co-
efficients and Cronbach’s α coefficients of 0.906 and 0.948,
respectively.
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YoYo IRL1

Players performed a 20 m run, initiated by an audible signal
from a stereo sound system. After covering 40m, players
engaged in 10 s of active recovery by walking. Cones were
used to mark the beginning and end of both the 20 and 5 m
active recovery lanes. The interval between audible signals
decreased progressively during the test, prompting players
to increase their running speed. Participation in the test
concluded for players if they were unable to sustain the
intensity and/or experienced two consecutive failures to
reach the designated line in synchronization with the audio
beep [24]. The total distance covered by the players was
recorded for the evaluation of performance.

Statistical analysis

Intraclass correlation coefficients 2.k and Cronbach’s alpha
reliability coefficients were utilized to evaluate the intertrial
reliability of physical performance tests among players.
Descriptive analysis included variables such as mean, 95 %
confidence interval of the mean, standard deviation, and
coefficient of variation. Normality was assessed using the
Shapiro-Wilk test. Pearson’s product-moment correlation
test was employed for normally distributed data, while
Spearman’s correlation coefficient test was utilized for non-
normally distributed data. Correlation values were catego-
rized as trivial (0), small (0.1–0.3), moderate (0.3–0.5), large
(0.5–0.7), very large (0.7–0.9), nearly perfect (0.9–1), and
perfect (1.0) [25]. The 95 % confidence interval of the corre-
lation was reported. Statistical significance was defined as
α<0.05. Data analysis was conducted using SPSS program
(version 22.0; IBM Corp., Armonk, NY, USA).

To establish cutoff points, anthropometric variables
with a correlation exceeding 0.50with physical performance
were selected. The area under the receiver operating char-
acteristic (ROC) curves was computed for abdominal skin-
fold, sum of three skinfolds (chest, abdominal, and front
thigh), and fat percentage [utilizing the Jackson and Pollock
protocol (chest, abdominal, and front thigh)] as continuous
variables (one by one), with the distance in the YoYo IRL1 test
classified by 20-percentile as the outcome. Analyses aimed to
ensure that the lower limit of the 95 % confidence interval of
the area under the ROC curve was not below 0.50. Addi-
tionally, values of the area under the ROC curve surpassing
70 % (0.700) were deemed acceptable. Cutoff points were
determined based on the optimal balance between sensi-
tivity and specificity, where the highest sum of sensitivity
and specificity was identified.

Results

Descriptive data regarding anthropometric measurements,
fat percentage, and physical performance of 52 professional
soccer players are presented in Table 1.

A heatmap illustrating the correlations between
anthropometric measurements, percentage of fat, and the
physical performance of 52 professional soccer players is
presented in Table 2. All p values and 95 % confidence in-
tervals of the correlations can be found in the supplemen-
tary material (link to supplementary material). Body mass
exhibited a significant correlation only with distance in the

Table : Descriptive data on anthropometric measurements, percentage
of fat, and physical performance of  professional soccer players.

Mean SD % CI CV,
%

Lower Upper

Age, years . ± . . . 

Stature, cm . ± . . . 

Body mass, kg . ± . . . 

Triceps, mm . ± . . . 

Biceps, mm . ± . . . 

Chest, mm . ± . . . 

Subscapular, mm . ± . . . 

Middle axillary, mm . ± . . . 

Supraspinale, mm . ± . . . 

Abdominal, mm . ± . . . 

Front thigh, mm . ± . . . 

Medial calf, mm . ± . . . 

SSKF, mm . ± . . . 

SSKF, mm . ± . . . 

SSKF, mm . ± . . . 

SSKFa, mm . ± . . . 

SSKFb, mm . ± . . . 

Fat – Faulkner – SKF, % . ± . . . 

Fat – Pollock – SKF, % . ± . . . 

Fat – Jackson and
Pollock – SKFa, %

. ± . . . 

Fat – Jackson and
Pollock – SKFb, %

. ± . . . 

SJ, cm . ± . . . 

CMJ, cm . ± . . . 

 cm DJ, cm . ± . . . 

m sprint, km/h . ± . . . 

YoYo IRL, m ,. ± . ,. ,. 

CI, confidence interval mean; SD, standard deviation; CV, coefficient of
variation; SSKF, sum of nine skinfolds; SSKF, sum of four skinfolds
(triceps, subscapular, supraspinale, and abdominal); SSKF, sum of seven
skinfolds (chest, middle axillary, triceps, subscapular, abdominal,
supraspinale, and front thigh); SSKFa, sum of three skinfolds (chest,
abdominal, and front thigh); SSKFb, sum of three skinfolds (chest, triceps,
and subscapular); SJ, squat jump; CMJ, counter movement jump; DJ, drop
jump; IRL, intermittent recovery level .
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YoYo IRL1 test (r=−0.339, moderate; p=0.014; 95 %
CI=−0.560, −0.073).

The weakest significant correlations of physical perfor-
mancewith skinfolds, the sumof skinfolds, and fat percentage
were observed for the following pairs: medial calf skinfold
and DJ height (rho=−0.283, small; p=0.042; 95%
CI=−0.516, −0.011), sum of the three skinfolds (chest, triceps,
and subscapular) and CMJ height (rho=−0.275, small; p=0.048;
95%CI=−0.510,−0.002), and fat percentage obtained using the
Pollock protocol that utilizes seven skinfolds (chest, middle
axillary, triceps, subscapularis, abdominal, supraspinale, and
front thigh) and speed in the 20m sprint (r=−0.283, small;
p=0.042; 95% CI=−0.516, −0.011), respectively.

The strongest significant correlations of physical per-
formance with skinfolds, the sum of skinfolds, and fat per-
centage were observed for the following pairs: abdominal
skinfold and distance in the YoYo IRL1 test (r=−0.579, large;
p<0.001; 95 % CI=−0.736, −0.364), sum of the three skinfolds
(chest, abdominal, and front thigh) and the distance in
the YoYo IRL1 test (rho=−0.518, large; p<0.001; 95 %
CI=−0.693, −0.286), and fat percentage obtained using the
Jackson and Pollock protocol that utilizes three skinfolds
(chest, abdominal, and front thigh) and distance in the YoYo
IRL1 (r=−0.534, large; p<0.001; 95 % CI=−0.704, −0.305),
respectively.

Correlations between abdominal skinfold, sum of nine
skinfolds, and percentage of fat obtained using different
protocols with the distance in the YoYo IRL1 test of 52 pro-
fessional soccer players are depicted in Figure 2.

Finally, the ROC curve analysis presented in Figure 3
revealed cutoff points based on strong correlations be-
tween specific anthropometric measures and fat percent-
age with performance on the YoYo IRL1 test: 20 mm for
abdominal skinfold (area under the curve (AUC)=0.800,
sensitivity=92.7 %, specificity=63.6 %), 33 mm for the sum of
three skinfolds (chest, abdominal, and front thigh)
(AUC=0.783, sensitivity=68.3 %, specificity=81.8 %), and 13 %
for fat percentage obtained using the Jackson and Pollock
protocol that utilizes three skinfolds (chest, abdominal,
and front thigh) (AUC=0.787, sensitivity=95.1 %,
specificity=54.5 %). Consequently, players with equal or
greater values may experience declines in performance on
the YoYo IRL1 test.

Discussion

Themain findings of the present study indicate that the body
mass of soccer players exhibited a moderate negative cor-
relation with YoYo IRL1 test distance. In addition, large
negative correlationswere observed between the abdominal
skinfold, the sum of skinfolds for chest, abdominal, and front
thigh, and the fat percentage determined by the Jackson and
Pollock protocol using these skinfoldswith the YoYo IRL1 test
distance. Considering such associations, cutoff points for
these measurements were determined as 20 mm for
abdominal skinfolds, 33 mm for the sum of three skinfolds,
and 13 % for fat percentage.

Body mass was only correlated with YoYo IRL1
distance, partially agreeing with our hypothesis. In
contrast, similar studies did not find this correlation in
aerobic field tests [3, 7]. The limitation of using body mass
to identify players’ body composition may account for the
observed differences. Previous studies agree with our

Table : Heatmap of the correlations of anthropometric measurements
and percentage of fat with the physical performance of  professional
soccer players. Colors closer to white represent values closer to  and
colors closer to red represent values closer to − of the Pearson or
Spearman correlation coefficients.

SJ, cm CMJ,
cm

 cm
DJ, cm

m
sprint,
km/h

YoYo
IRL, m

Body mass, kg . −. −. −. −.*
Triceps, mm −.* −.* −.* −. −.
Biceps, mm −. −. −.* −. −.
Chest, mm −. −. −. −. −.*
Subscapular, mm −. −. −. −. −.*
Middle axillary, mm −. −. −. −. −.*
Supraspinale, mm −. −. −. −. −.*
Abdominal, mm −. −. −.* −. −.*
Front thigh, mm −. −. −. −. −.*
Medial calf, mm −. −. −.* −. −.
SSKF, mm −. −.* −.* −. −.*
SSKF, mm −. −. −. −. −.*
SSKF, mm −. −.* −.* −. −.*
SSKFa, mm −. −. −. −. −.*
SSKFb, mm −. −.* −.* −. −.*
Fat – Faulkner –
SKF, %

−. −. −. −. −.*

Fat – Pollock –
SKF, %

−. −.* −.* −.* −.*

Fat – Jackson and
Pollock – SKFa, %

−. −.* −.* −. −.*

Fat – Jackson and
Pollock – SKFb, %

−. −.* −.* −. −.*

*, significant correlation (p<.); SSKF, sum of nine skinfolds; SSKF, sum
of four skinfolds (triceps, subscapular, supraspinale, and abdominal);
SSKF, sum of seven skinfolds (chest, middle axillary, triceps, subscapular,
abdominal, supraspinale, and front thigh); SSKFa, sum of three skinfolds
(chest, abdominal, and front thigh); SSKFb, sum of three skinfolds (chest,
triceps, and subscapular); SJ, squat jump; CMJ, counter movement jump; DJ,
drop jump; IRL, intermittent recovery level .
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results regarding correlations between body mass and
jumping and sprinting performance [3, 7], but there is no
consensus for sprint evaluation [4]. A study that found a
significant weak correlation between body mass with
sprint performance used a large sample size [4], which
may explain the observed differences. Therefore, greater
body mass was associated with lower YoYo IRL1 perfor-
mance, possibly reflecting the additional effort required
in aerobic actions. The soccer technical staff should exer-
cise caution in interpreting and utilizing these correla-
tions, as the correlation found in the present study was
moderate, and the literature presents contradictory
findings.

Concerning skinfolds, the only strong correlation iden-
tifiedwas between abdominal skinfold and distance covered
in the YoYo IRL1. Moderate and small correlations were also
observed between skinfolds with YoYo IRL1 distance and
jumping. Consequently, our hypothesis was partially sup-
ported. A similar study revealed a strongest correlation be-
tween abdominal skinfold thickness and maximum speed in
VO2max testing [5]. Another study did not find a correlation
between skinfold and the maximum speed obtained in the
VAMEVAL test, jump tests, or 20 m sprints among players
from the Qatar national team [3]. The high homogeneity of
players selected for a country’s national team [3] may have
influenced the emergence of this contrasting outcome with

Figure 2: Significant correlations of abdominal
skinfold, sum of nine skinfolds, and
percentage of fat obtained by different
formulas with the distance in the YoYo IRL1 of
52 professional soccer players. r, Pearson
correlation coefficient; rho, Spearman
correlation coefficient; p, significance level; IC,
95 % confidence interval; 9SKF, nine skinfolds;
4SKF, four skinfolds (triceps, subscapular,
supraspinale, and abdominal); 7SKF, seven
skinfolds (chest, middle axillary, triceps,
subscapular, abdominal, supraspinale, and
front thigh); 3SKFa, three skinfolds (chest,
abdominal, and front thigh); 3SKFb, three
skinfolds (chest, triceps, and subscapular);
IRL1, intermittent recovery level 1.

Schons et al.: Fat percentage and physical performance 7



our findings. As a result, only the correlation with the 20 m
sprint [3] fully aligns with the findings from our study.
Greater abdominal skinfolds were associated with lower
performance, suggesting that fat accumulation in this region
may negatively affect actions predominantly relying on the
aerobic system, such as the YoYo IRL1 test. More fat tissue
means an additional non-functional weight that will require
more energy to move and produce more heat from the
increased metabolic rate, which explains the negative as-
sociation with YoYo IRL1 performance.

The sum of skinfolds for the chest, abdominal, and front
thigh, as well as the fat percentage determined by the Jack-
son and Pollock protocol using these skinfolds, exhibited
large correlations with the distance in the YoYo IRL1 test.
Other protocols also showed correlations with the YoYo IRL1
test, aligning with the proposed hypothesis. However, this
result was not observed with all other physical tests, which
means that our hypothesis was partially accepted for the
anaerobic tests. A similar study reported a correlation be-
tween the sum of skinfolds and the distance in the YoYo IRL1
test [7]; notwithstanding, the literature does not corroborate
this finding when another aerobic field test is utilized [3].
The use of a differentfield test, aswell as the fact that players
were members of the national team, and possibly more
physically homogeneous [3], may help explain the opposite
results. Moderate, small, or non-significant correlations be-
tween the sum of skinfolds and performance in jumping and
the 20 m sprint were identified in the present study, and
these findings are corroborated by previous studies [3, 7].
Similar to the literature [4], the present study found a small
correlation between the percentage of fat obtained by the
Pollock seven-fold protocol and the 20 m sprint, while the
other protocols did not show any correlation. Therefore, the
sum of skinfolds for the chest, abdominal, and front thigh, as
well as the fat percentage determined by the Jackson and
Pollock protocol using these skinfolds, are suggested as
anthropometric measures that show large associations with
performance in soccer players. In addition, performance in
aerobic activities appears to be the most affected by higher
sums of skinfolds and fat percentage.

Consistently monitoring the performance of profes-
sional soccer players demands effort and precision from the
coaching staff. Therefore, cutoff points were established
based on the distance performance in the YoYo IRL1 test. The
determined cutoff points are 20 mm for abdominal skinfolds,
33 mm for the sum of three skinfolds (chest, abdominal, and
front thigh), and 13 % for fat percentage obtained using the
Jackson and Pollock method with these three skinfolds.
Therefore, players with values equal to or greater than the
cutoff points were associated with lower YoYo IRL1

Figure 3: Analysis of the receiver operating characteristic (ROC) curve of
the variables that showed strong correlationswith performance on the YoYo
IRL1. p, significance level; IC, 95% confidence interval; IRL1, intermittent
recovery level 1; 3SKFa, three skinfolds (chest, abdominal, and front thigh).
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performance, indicating a negative relationship between
higher fat measures and aerobic capacity, potentially
affecting their performance in training and games [26]. The
mechanism thatmay explain this relationship is the fact that
excess body fat increases non-functional mass, reducing
relative VO2max by limiting oxygen uptake per kilogram. It
also raises the energy cost of running, decreasingmovement
efficiency and accelerating fatigue during repeated [15].
Hence, our recommendation is to utilize these easily appli-
cable cutoff points to ensure that soccer players do not
exceed these thresholds, thereby maintaining optimal per-
formance, while acknowledging that these values may vary
across teams, leagues, and countries.

The present study has some limitations that should be
acknowledged. The association between fat mass and
players’ performance was assessed using physical tests,
which is different from performance on the pitch. There-
fore, further studies should investigate the association be-
tween fat accumulation, assessed through direct methods,
and physical performance during soccer matches. In
addition, the results were obtained during the pre-season,
so its applicability to other periods of the season remains
uncertain. The results should also be generalized with
caution due to the sample’s geographic, sample size, and
competitive homogeneity. Moreover, the fat prediction
equations utilized, validated in other populations, may
have limited accuracy for soccer players. Despite these
limitations, this study proposes protocols for evaluating
markers associated to body composition that strongly
correlate with physical performance. This finding supports
the soccer technical staff choice due to the potential impact
of body fat measures on physical performance. Moreover,
to our knowledge, this study is the first to propose cutoff
points for assessing fat percentage in relation to poorer
performance on a test requiring aerobic fitness, facilitating
the interpretation of the results by the soccer technical
staff. Serving as an incentive to conduct studies that vali-
date findings in external populations or longitudinal
studies.

Conclusions

In summary, aerobic performance, as assessed by the Yo-Yo
IRL1 test, is significantly more influenced by fat accumu-
lation than anaerobic performance, measured by field
tests. Specifically, the present findings suggest abdominal
skinfold thickness, the sum of skinfolds for the chest,
abdominal, and front thigh, or using fat percentage

determined by the Jackson and Pollock protocol with these
skinfolds as anthropometric outcomes to be assessed, as
they exhibit the highest correlation with distance in the
YoYo IRL1 test. Furthermore, employing cutoff points of
20 mm for abdominal skinfold thickness, 33 mm for the sum
of skinfolds for the chest, abdominal, and front thigh, and
13 % for fat percentage determined by the Jackson and
Pollock protocol (chest, abdominal, and front thigh) facili-
tates quick interpretation by soccer technical staff and
male soccer players.

Practical application

As practical application of this study, coaches should be
aware that aerobic performance is significantly more
influenced by fat accumulation compared to anaerobic
performance. Additionally, abdominal skinfold thickness,
the sum of skinfolds for the chest, abdominal, and front
thigh, and fat percentage determined by the Jackson and
Pollock protocol show the highest correlation with YoYo
IRL1 test performance. Finally, using cutoff points of 20 mm
for abdominal skinfold thickness, 33 mm for the sum of
skinfolds for the chest, abdominal, and front thigh, and 13 %
for fat percentage determined by the Jackson and Pollock
protocol (chest, abdominal, and front thigh) for quick and
easy interpretation by soccer technical staff and players.
These measurements can assist in decision-making during
periods when cardiorespiratory fitness testing is not
feasible.
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