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Abstract: Background: Soccer is a game in constant evolution and the intensity of play is increasing.
Nutrition can play a role in the physical performance of elite players, maintaining their health and fa-
cilitating recovery. It is important to cover players’ energy demands, and low energy availability may
therefore result in impaired performance. This study aimed to evaluate alterations in body composi-
tion to determine the effects of a nutritional program led by a sport nutritionist. Methods: A group
of 88 elite soccer players from a Serie A club in Italy (44 males aged 26.5 + 3.0 years and 44 females
aged 27.1 + 5.2 years) were enrolled. To evaluate changes in body composition, bioimpedance and
anthropometric measurements were obtained following the protocol of the International Society for
the Advancement of Kinanthropometry (ISAK). Results: Compared with females, males had more
muscle mass and less fat mass in both seasons evaluated. Comparing the first and last seasons, the
male soccer players showed increased muscle mass and decreased fat mass while the female soccer
players only showed decreased fat mass. Conclusions: The presence of a specialist sport nutritionist
on the staff of professional soccer clubs could be important to ensure energy availability and evaluate
body composition during the season.
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1. Introduction

Football (soccer) is a game in constant evolution in both physical and technical param-
eters, with a substantial increase during match-play in the number of occasions involving
high-intensity running [1]. Training regimens have become more physically demanding
in an attempt to prepare players to cope with these high-intensity demands and address
individual player needs. In recent decades, the application of sport science to improve
athletes” health and performance has become routine in most team sports [2]. However,
recent research has highlighted the relevance of invisible strategies (i.e., those other than
training plans) in optimizing athlete health and performance [3]. Nutrition is considered a
key invisible strategy, which can play a valuable role in optimizing the physical and mental
performance of elite players during training and match-play, maintaining their overall
health throughout a long season and facilitating recovery from injury [4].

Most team sport studies focusing on athlete nutrition have reported on the health- and
performance-related positive effects of diets [5,6] and supplementation [7-9]. However,
some promising data have emerged regarding the efficacy of nutrition education interven-
tions in team sports [10]. Nutrition education interventions are specific programs designed
to assist target populations in modifying their eating habits and /or enhancing their nu-
trition knowledge [11]. Improved eating habits seem to be a key strategy in optimizing
football players’ performance and health [12,13]. However, while the exponential rise in
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sports nutrition research during recent years has advanced our knowledge and expertise, it
brings with it confusion as to what is sound advice. Those providing sports science support
at the elite level should follow an evidence-based approach [14], but it is often difficult to
interpret the available evidence and make sense of the controversies that may exist, given
the influx of noise from social media channels [15].

Another topic of interest is the prevalence of low energy availability (LEA) in female
and male athletes is high, often caused by congested match schedules [16,17]. Kick-off
times have become more variable, with teams required to play early or late to accommodate
television schedules. The travel required to compete in multiple domestic and international
tournaments add to the demands on players, with different logistical challenges depending
on the geographical location. Difficulties in eating well while travelling, poor appetite, or
the stress caused by matches can affect players after competition by hindering their post-
match recovery and affecting their energy levels. Low levels of energy negatively affect
muscle recovery, muscle mass, and neuromuscular function, increasing the risk of injuries
and illness that may negatively affect performance [18]. Achieving or maintaining non-
optimal lower lean body mass and fat levels through long-term LEA may therefore result in
impaired health and performance, as proposed in the Relative Energy Deficiency in Sport
model [19]. Treatment for athletes is performed primarily to increase energy availability
and evaluate body composition during the season, and requires a team approach including
a nutritional program run by a sport nutritionist.

Body composition assessment is commonly used to track the improvement of elite
football players throughout the regular season. Body fat mass is generally estimated in
elite soccer players by assessment methods such as surface anthropometry (skinfolds),
bioelectrical impedance analysis, and dual-energy X-ray absorptiometry (DXA). Among
the methods designed for assessing body composition, surface anthropometry and the
bioelectrical impedance analysis (BIA) represent two useful tools, particularly in field
contexts where elaborate laboratory techniques may not always be feasible [20], while DXA
is associated with logistical and high financial costs that might prevent its frequent use
in the majority of professional the soccer teams. Anthropometry involves the measure-
ment of various body dimensions and proportions, providing insights into an individual’s
physique. Common anthropometric measurements include stature, body mass, skinfold
thickness, and circumferences of specific body parts. By utilizing standardized protocols
and instruments, practitioners can calculate body fat percentage, lean body mass, and other
relevant parameters for soccer players. Particularly, anthropometry is renowned for its
simplicity, cost-effectiveness, and non-invasiveness, making it ideal for large-scale studies,
sports assessments, and community health evaluations. These measurements can be per-
formed with minimal equipment and just training, allowing for rapid assessments even
in resource-limited environments [21]. When implementing dietary changes, monitoring
raw anthropometric data provides a direct and immediate assessment of alterations in
body dimensions. Regular measurements, such as skinfold thickness, circumferences, and
somatotype allow for sports nutritionists and coaches to track changes over time. This
real-time feedback is particularly relevant in the dynamic and physically demanding envi-
ronment of soccer, where players’ nutritional needs can vary based on training intensity;,
match schedules, and individual metabolic responses. Additionally, anthropometry in
soccer often involves the use of predictive equations derived from anthropometric mea-
surements to estimate specific body composition components. These equations take into
account variables such as skinfold thickness, body circumferences, and body density to
calculate parameters like body fat percentage and lean body mass. While raw data provides
immediate feedback, predictive equations offer a more in-depth analysis, allowing for prac-
titioners to understand the nuanced changes in body composition resulting from dietary
modifications [22,23]. Similarly, the bioelectrical impedance analysis (BIA) is a method
used to assess body composition by measuring the impedance or opposition to the flow of
an electric current as it passes through body tissues. BIA is based on the principle that lean
tissue, which contains a higher water and electrolyte content, conducts electrical current
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more easily than fat tissue. BIA involves passing a low-level electrical current through the
body and measuring the impedance to the flow of this current. As for the anthropometry,
with BIA, it is possible to consider raw parameters, such as resistance, reactance, and phase
angle, or to predict body mass components using predictive equations. Both approaches—
monitoring raw data and using predictive equations—have been successfully employed in
the literature within the soccer context [24,25]. Regarding the raw data, the bioelectrical
phase, in particular, can provide info regarding aerobic power [26]. The dynamic nature
of the sport requires a flexible and multifaceted approach to assess the impact of diet on
players’ bodies. Studies often utilize a combination of methods to obtain a comprehensive
understanding of how dietary interventions influence body composition, performance, and
overall health [27].

This study aimed to evaluate the differences in body composition using surface
anthropometry and BIA in male and female soccer players to determining the effects of
a nutritional program led by a sport nutritionist in an elite soccer club (following the
UEFA rules such as “Food first” and personalized supplementations [13]) with mandatory
breakfasts and meals at the club, in conjunction with individual interventions.

2. Materials and Methods
2.1. Participants

This study involved a group of 88 international-level, elite male (n = 44) and female
(N = 44) soccer players belonging to four senior squads of a Serie A club in Italy (Table 1).
Eighteen female soccer players playing in Serie A during the 2015 season (FS15) and
26 female soccer players playing in Serie A during the 2023 season (FS23) were compared.
Seventeen male soccer players playing in Serie A during the 2015 season (MS15) and 27 male
soccer players playing in Serie A during the 2023 (MS23) season were also compared. All
the players evaluated had played several times during their career with their respective
senior national teams (8 nationalities). Data were collected in the club at the end of the
domestic competition season (i.e., Serie A).

Table 1. Characteristics of the four groups of participants.

Variabl Pr(;fess1;) nal Professional Male No Plgofesls ional Professional Male
ariable emale emate 2014/2015 (n = 44)

2022/2023 (n = 44) 202212023 (n = 44) 2014/2015 (n = 44)

Age (years) 27.0£5.0 262 +29 273+£5.2 26.8 £3.1
Body mass (kg) 622 +5.7 809 +77 61.0+7.7 779 + 6.6
Height (m) 1.69 £+ 0.05 1.84 £+ 0.05 1.69 £+ 0.07 1.82 +0.07

All the players trained during the season, completing approximately 8-9 h of on-
field soccer training plus 1 or 2 competitive matches per week. Data came from routine
monitoring over the season; therefore, institutional ethics committee authorization was not
required [28]. The study conformed with the current national and international laws and
regulations governing the use of human participants. The Antidoping Lab Institutional
Review Board (Qatar) conformed to the recommendations of the Declaration of Helsinki
approved the present study (IRB number: E201300004).

2.2. Body Composition
2.2.1. Skinfold Thickness

Participants presented in a rested, fasted, and hydrated state and were instructed to
follow standard protocols of food and fluid, to finish their last meal at least 2.5 h before
the measurement, and to arrive with an empty bladder. They were instructed to avoid
strenuous exercise, alcohol, stimulants, or depressants for 24 h prior to testing, as well
as to remove all metal objects and wear minimal clothing (underwear only) during the
assessments. All participants verbally agreed to the testing conditions. Each session was
conducted at the same hour of the day, and in the same well-ventilated room with controlled
temperature and humidity. The methodology used for the assessment of body composition
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was in accordance with our previous studies [21,25], using the integration of anthropometry,
skinfold thickness, and bioimpedance.

Body mass was taken to the nearest 0.1 kg with an electronic scale (OHAUS Corp.,
Florham Park, NJ, USA); stature was measured with a stadiometer (Seca 213, Hamburg,
Germany) to the nearest 0.5 cm. BMI was calculated as body mass (kg)-height2 (m). Seven
skinfolds thicknesses (triceps, subscapular, biceps, suprailiac, abdominal, thigh, and medial
calf) were measured and the sum of all measurements was calculated as reported in
the literature [22]. All skinfolds and height measures were taken by the same Level III
International Society for the Advancement of Kinanthropometry qualified anthropometrist
according to standard methods [21], whose technical error was 5% and 1.5% for skinfolds
and all other measurements, respectively. Duplicate measurements were obtained from
each site and the mean of the two first measures was used for analysis. A third measurement
was taken if the technical error of measurement was exceeded and, consequently, the
median of the triplicate measurements was used for subsequent analysis. FM% was then
obtained using the soccer-specific formula proposed by Suarez-Arrones et al. [22] in males
and the formula proposed by Durnin and Womersley [29] in females.

2.2.2. Whole-Body Bioimpedance Analysis (BIA)

Whole-body impedance (BIA 101 Sport Edition, BIVA® PRO, Akern®, Florence, Italy)
was generated in soft tissues to oppose the flow of an injected alternate current and was
measured from skin Ag/AgClI electrodes placed at a fixed distance (5 cm) on the hands
and feet (whole-body analysis). The device emitted an alternating sinusoidal electric
current of 400 mA at an operating single frequency of 50 kHz (£0.1%). Resistance (R, O)
is the opposition to the flow of an injected alternating current, at any current frequency,
through intra- and extracellular ionic solutions, while reactance (Xc, O) is the dielectric or
capacitive component of cell membranes, organelles, and tissue interfaces. Starting from
these parameters, an estimate of the following body compartments parameters, such as
body cellular mass (BCM in kg) and fat mass (%), was derived using the formulas proposed
by Kotler et al. [30] and Campa et al. [31], respectively, in males. Female soccer players
were assessed using the Kotler et al. [30] and Matias et al. formulas [32] for BCM and FM,
respectively. An additional parameter was body cell mass index (BCMI) in kg/h? in order
to index for the different gender heights.

2.3. Statistical Analysis

Data are presented as mean =+ standard deviation (SD). The Shapiro-Wilk test was
used to verify that all the variables showed a normal distribution. A one-way analysis of
variance (ANOVA) was used to determine differences between squads. In the event of a
significant difference, Bonferroni’s post hoc tests were employed to identify any localized
effects. The standardized difference or effect size (ES, 95% confidence interval [95% CI])
in the different variables was calculated. Threshold values for assessing magnitudes of
the ES were <0.20, 0.20, 0.60, 1.2, and 2.0 for trivial, small, moderate, large, and very large,
respectively [33].

3. Results

Descriptive values of the different parameters derived from the anthropometric and
BIA assessments are shown in Table 2. The standardized differences between squads are
illustrated in Figure 1a,b.

FS15 showed a significantly higher Y7 SKF and FM% estimated from skinfolds in
comparison with FS23 (p < 0.05), while there were no differences between female teams
in BCM, BCMI, and FM% estimated from BIA (Figure 1a). MS15 showed a significantly
higher "7 SKF and FM% estimated from skinfolds than MS23 (p < 0.05), while there were
no differences between male teams in FM% estimated from BIA. BCM and BCMI were
significantly higher in M523 in comparison with MS15 (p < 0.05, Figure 1b).
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Table 2. Descriptive values of the variables.

Professional Female

Professional Male

No Professional

Professional Male

Variable 2022/2023 (n = 44) 2022/2023 (n = 44) 2014 /ggf;a(lr‘: _ 1) 2014/2015 (n = 44)
Sum 7 SKF (mm) 61.4 +11.8be 4404494 88.6 +17.44 545 + 6.9 b
Fat-Mass skinfolds (%) 12.1 £ 2.1 bed 6.9 + 0.5 16.6 + 2.8 #bd 10.1 £ 1.4 2bc
Rz (Ohm) 536.7 + 56.2 P4 436.0 & 43.2 ¢ 554.7 4 50.3 bd 468.6 + 31.42¢
Xc (Ohm) 69.8 + 8.7 65.8 +11.1 69.0 + 6.1 65.0 +4.7
BCM (Kg) 29.9 +3.2bd 45.4 4 5.7 a4 282 4+ 2,64 40.4 +2.72bc
BCMI (Kg/m?) 10.4 + 0.8 bd 13.4 + 1.3 a¢cd 10.0 + 1.0 b4 12.3 4+ 0.9 abc
Phase angle (degree) 74+£06° 8.6 = 1.53¢ 71+£05° 79+05
Fat-Mass BIA (%) 12.8 £3.9 10.4 + 3.7 12.8 + 3.9 12.0 + 3.0

Y7 SKF = triceps, subscapular, biceps, suprailiac, abdominal, thigh, medial calf.  Significant differences with
professional female soccer players during the season 2022 /2023; b significant differences with professional male
soccer players during the season 2022/2023; © significant differences with nonprofessional female soccer players

during the season 2014/2015; d significant differences with professional male soccer players during the season
2014/2015.
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Figure 1. (a) The differences in body composition between female teams. (b) The differences in body
composition between male teams. * p < 0.05. BCM: body cellular mass; BCMI: body cellular mass
index; FM: percentage of fat-mass.
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4. Discussion

The aim of this study was to evaluate the differences in body composition in male
and female soccer players to determine the effects of a nutritional program led by a sport
nutritionist in an elite soccer club with mandatory breakfasts and meals at the club, in
conjunction with individual interventions. Our hypotheses on the need for a nutrition
program were created when we found, during the 2014-2015 season, that the dietary
habits of a male first-division team did not follow the international guidelines in terms of
macronutrients and energy and that, consequently, there was a decrease in the muscular
component during the season [34], especially after several congested periods of play. The
main findings of the present study showed the substantial positive effects of the nutritional
program in a professional soccer club in both female and male players.

In female soccer, as in male soccer and other sports, club medical staff use body com-
position assessment to aid interpretation of health- and performance-relevant results and
inform subsequent exercise and dietary interventions [35]. Ensuring that assessment is
useful and safe for players requires practitioners to be aware of possible problems that
can occur when the focus on body mass and body composition is over-emphasized [34].
Anthropometric measurements that are taken should follow a protocol such as that of the
International Society for the Advancement of Kinanthropometry (ISAK), and all practition-
ers who work in a sport should be fully qualified to ensure the accurate interpretation of
the data collected. These measurements have been identified as appropriate methods for
detecting body composition changes due to an intervention [36].

Comparing our data collected during the 2014/2015 season from nonprofessional
female soccer players with other similar studies in the scientific literature, the results were
similar in terms of body fat % (16.0% of fat mass) [37,38]. If we compare the data collected
with that of Santos et al. regarding the sum of skinfolds, the data for the 2014/2015 season
are around the mean of the 25th percentile, while the data for the 2022 /2023 season lie in
the lower part of the 25th percentile. This is due to the development of female soccer over
the last decade in terms of financial support, professionalism, and consequent growth in
the level of participation. Despite recent progress, there is considerably less research on
female soccer players than male, including in the field of body composition assessment;
therefore, it is very difficult to make comparisons. In contrast, there are multiple body
composition references for male soccer players [39,40].

Body composition is crucial for achieving an optimal physical level, which can trans-
late into a good level of play because performance in soccer depends on multiple technical,
biomechanical, tactical, mental, and physiological factors [13,41]. During soccer prac-
tice, there are a multitude of movements that are affected by weight and muscle power,
such as accelerations, decelerations, changes in direction, and vertical jumps, so muscle
strength, impact loading, and an optimal level of body fat are key determinants in physical
preparation to improve performance in soccer [42,43].

The physical demands on elite soccer players have been increasing in recent decades,
not only in the amount of training and/or competition, but also in the intensity of effort dur-
ing matches and shorter recovery periods between competitions or training sessions [44,45].
It is logical to think that body composition has evolved over time, following the evolution
of the game. This could be the reason for the differences found in our sample in terms of
the sum of skinfolds and BCM. Recently, Moya-Amaya et al. verified the somatotype trend
in the last few decades in professional male soccer players, observing a decrease in the
endomorphic component, evolving from balanced mesomorphy to ecto-mesomorphy [46].

Sometimes the mismatch between energy intake and exercise energy expenditure that
causes LEA in athletes may be caused intentionally to decrease body mass or optimize
body composition for competition, or to avoid weight gain during an injury process.
Several potential reasons may explain inadvertent LEA, such as large energy needs and
suppressed appetite during periods of high-intensity training, especially when combined
with adherence to ultra-healthy or “clean” eating with low energy density diets [47,48]. It
has been suggested that long-term LEA could negatively affect sport performance through
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indirect mechanisms, such as reduced recovery and impairment of optimal muscle mass
and function [49]. Since LEA increases the risk of injury and illness, performance may also
be impaired by loss of training time [49].

Based on our previous investigations [50], achieving optimal performance in sport
requires medical supervision, including that of a sports nutritionist, to ensure periodizing
of energy, fuel availability, and an adequate protein intake around key training sessions
and matches. Specifically, to reduce the risk of LEA and to ensure optimal nutritional
habits, professional soccer clubs include nutritional programs, including on their staff a
sport nutritionist prescribing mandatory meals for training days (breakfast, post-training,
and lunch) and individual protocols for supplementations for each athlete. The results
of the present investigation showed substantial improvements in body composition with
the introduction of a nutritional program and a nutritionist for the men’s and women’s
teams. The sum of the skinfolds and FM% were higher in both teams (female (31%) and
male (19%)) before the implementation of the nutrition program with mandatory meals at
the club, and lean mass was higher at the end of the season when the nutrition project was
mandatory for male players due to better nutrition in addition to the possible influence of
difference in strength training (Table 2, Figure 1).

In the women’s team during the 2014-2015 season, in addition to not having a nutri-
tional program at the club, women'’s football in Italy was not professional. This probably
also had an influence on having higher levels of body fat, with the sum of both skinfolds
and the FM% (from skinfolds) being significantly higher than in the 2022-2023 season,
while there was no difference in the FM% estimated using bioimpedance (Figure 1). These
results confirm that the use of bioimpedance for the evaluation of fat mass is inadequate
because it underestimates the results and its sensitivity to change, as has been previously
reported in the scientific literature [22]. However, in the female team, lean mass did not
increase with the nutrition program in terms of BCM and BCMI. This could be dictated by
the fact that women'’s football is in evolution in Italy, and we also have to consider strength
training, which was not strictly controlled during both seasons. The decreases in the sum
of skinfolds and in the FM% bring these data closer to those reported in the literature [21].

In relation to the developments in the male team, our data showed a clear impact
on the reduction in body fat (skinfolds) and increase in muscle mass when mandatory
breakfast and lunch were introduced at the club and the body composition of the players
was monitored regularly. As with the women, there were no differences in the FM%
estimated with bioimpedance (Figure 1), confirming again that the use of bioimpedance for
the evaluation of fat mass and its sensitivity to change is questionable [22]. The same goes
for the comparison between men and women. Male soccer players showed statistically
lower values for the sum of skinfolds and FM% estimated from skinfolds with higher values
of lean mass [21], while there were no differences in FM% estimated with bioimpedance
(Figure 2).

The present study has limitations. An important limitation is not knowing the exact
strength training program that the players performed throughout the whole season, as well
as the training load performed on the field. This could have substantially influenced the
results, especially for lean mass. As in other studies, we do not have this information in
detail, as it was collected by two different sets of staff in two different seasons, although
the working methodology in both cases was very similar. In addition, the data obtained
do not include nutritional health studies’ results, so it is proposed to include these in
future studies. Currently, there are only specific equations available for estimating body
composition in male football players. Future research involving female elite football players
should be designed to develop specific equations for estimating fat free mass (FFM) and fat
mass (FM).
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Figure 2. (a) The differences in body composition between professional male vs. female teams.
(b) The differences in body composition between professional male (without intervention) vs. non-
professional female teams. * p < 0.05. BCM: body cellular mass; BCMI: body cellular mass index; FM:
percentage of fat-mass.

5. Conclusions

A nutrition program led by a specialized sport nutritionist with mandatory breakfasts
and meals at the club, in conjunction with individual interventions, should be included
by professional soccer clubs to improve body composition in professional female and
male soccer players. A sport nutritionist will manage, prevent, and/or detect different
deficiencies caused by wrong choices, quantities of food, and different nutrition cultures,
encouraging the acquisition of good habits, avoiding food fads, and implementing per-
sonalized supplementation. A balanced dietary habit in athletes will help to improve
performance, aid in injury and illness prevention, and provide habits and benefits that
last well beyond the end of their careers. Therefore, these are benefits both for individual
players and for the football club. Finally, the findings of this observational study can serve
as valuable reference data for professionals in the soccer community who are interested in
monitoring changes in body composition using field methods such as anthropometry and
BIA. Anthropometry appears to be the best alternative to dual-energy X-ray absorptiometry
when a limited time and budget are available. The application of soccer-specific formulas to
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estimate the percentage of fat mass is highly recommended for these methods, enhancing
their relevance and applicability in the context of sport. The use of sum of skinfolds appears
to be a very good alternative as a direct and simple parameter for determining changes in
FM throughout the season.

Author Contributions: Conceptualization, C.P., L.P. and L.S.A.; methodology, C.P. and L.S.A.;
validation, C.P.,, L.P. and L.S.A.; formal analysis, A.B.; investigation, C.P,; data curation, D.P,;
writing—original draft preparation, C.P.; writing—review and editing, L.P. and L.S.A.; visualization,
D.P; supervision, L.S.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Anti-Doping Lab Institutional Review Board (Qatar) (IRB number:
E2013000004, approval date: 8 September 2014) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data can be obtained from Cristian Petri on a reasonable request
cpet2@alu.upo.es.

Acknowledgments: The authors express their gratitude to all the participants involved in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Lago-Pefias, C.; Lorenzo-Martinez, M.; Campo, R.L.-D.; Resta, R.; Rey, E. Evolution of physical and technical parameters in the
Spanish LaLiga 2012-2019. Sci. Med. Footb. 2012, 7, 41-46. [CrossRef] [PubMed]

2. Mujika, I. The alphabet of sport science research starts with Q. Int. J. Sports Physiol. Perform. 2013, 8, 465-466. [CrossRef]

3. Mujika, I; Halson, S.; Burke, L.M.; Balagué, G.; Farrow, D. An Integrated, Multifactorial Approach to Periodization for Optimal
Performance in Individual and Team Sports. Int. J. Sports Physiol. Perform. 2018, 13, 538-561. [CrossRef] [PubMed]

4. Beck, K.L.; Thomson, ].S.; Swift, R.J.; von Hurst, P.R. Role of nutrition in performance enhancement and postexercise recovery.
Open Access |. Sports Med. 2015, 6, 259-267. [CrossRef] [PubMed]

5. Paoli, A.; Bianco, A.; Grimaldi, K.A. The Ketogenic diet and sport: A possible marriage? Exerc. Sport Sci. Rev. 2015, 43, 153-162.
[CrossRef] [PubMed]

6. Durkalec-Michalski, K.; Zawieja, E.E.; Zawieja, B.E.; Jurkowska, D.; Buchowski, M.S.; Jeszka, J. Effects of Low Versus Moderate
Glycemic Index Diets on Aerobic Capacity in Endurance Runners: Three-Week Randomized Controlled Crossover Trial. Nutrients
2018, 10, 370. [CrossRef]

7.  Castillo, D.; Dominguez, R.; Rodriguez-Fernandez, A.; Raya-Gonzalez, ]. Effects of Caffeine Supplementation on Power Perfor-
mance in a Flywheel Device: A Randomised, Double-Blind Cross-Over Study. Nutrients 2019, 11, 255. [CrossRef]

8.  Rodriguez-Fernandez, A.; Castillo, D.; Raya-Gonzalez, J.; Dominguez, R.; Bailey, S.J. Beetroot juice supplementation increases
concentric and eccentric muscle power output. Original investigation. J. Sci. Med. Sport 2021, 24, 80-84. [CrossRef]

9. Raya-Gonzalez, J.; Rendo-Urteaga, T.; Dominguez, R.; Castillo, D.; Rodriguez-Fernandez, A.; Grgic, ]. Acute Effects of Caffeine
Supplementation on Movement Velocity in Resistance Exercise: A Systematic Review and Meta-analysis. Sports Med. 2019, 50,
717-729. [CrossRef]

10. Tam, R.; Beck, K.L.; Manore, M.M.; Gifford, J.; Flood, V.M.; O’connor, H. Effectiveness of Education Interventions Designed to
Improve Nutrition Knowledge in Athletes: A Systematic Review. Sports Med. 2019, 49, 1769-1786. [CrossRef]

11.  Murimi, M.W,; Kanyi, M.; Mupfudze, T.; Amin, R.; Mbogori, T.; Aldubayan, K. Factors Influencing Efficacy of Nutrition Education
Interventions: A Systematic Review. |. Nutr. Educ. Behav. 2017, 49, 142-165.el. [CrossRef] [PubMed]

12.  Bentley, M.R.; Mitchell, N.; Backhouse, S.H. Sports nutrition interventions: A systematic review of behavioural strategies used to
promote dietary behaviour change in athletes. Appetite 2020, 150, 104645. [CrossRef] [PubMed]

13. Collins, J.; Maughan, R.J.; Gleeson, M.; Bilsborough, J.; Jeukendrup, A.; Morton, J.P.; Phillips, S.M.; Armstrong, L.; Burke,
L.M.; Close, G.L.; et al. UEFA expert group statement on nutrition in elite football. Current evidence to inform practical
recommendations and guide future research. Br. |. Sports Med. 2021, 55, 416. [CrossRef] [PubMed]

14. Coutts, A.J. Challenges in developing evidence-based practice in high-performance sport. Int. J. Sports Physiol. Perform. 2017, 12,
717-718. [CrossRef]

15.  Burke, L.M. Communicating sports science in the age of the twittersphere. Int. J. Sport Nutr. Exerc. Metab. 2017, 27, 1-5. [CrossRef]
[PubMed]

16. Bengtsson, H.; Ekstrand, J.; Hagglund, M. Muscle injury rates in professional football increase with fixture congestion: An 11-year

follow-up of the UEFA champions league injury study. Br. |. Sports Med. 2013, 47, 743-747. [CrossRef] [PubMed]


https://doi.org/10.1080/24733938.2022.2049980
https://www.ncbi.nlm.nih.gov/pubmed/35243954
https://doi.org/10.1123/ijspp.8.5.465
https://doi.org/10.1123/ijspp.2018-0093
https://www.ncbi.nlm.nih.gov/pubmed/29848161
https://doi.org/10.2147/OAJSM.S33605
https://www.ncbi.nlm.nih.gov/pubmed/26316828
https://doi.org/10.1249/JES.0000000000000050
https://www.ncbi.nlm.nih.gov/pubmed/25906427
https://doi.org/10.3390/nu10030370
https://doi.org/10.3390/nu11020255
https://doi.org/10.1016/j.jsams.2020.05.018
https://doi.org/10.1007/s40279-019-01211-9
https://doi.org/10.1007/s40279-019-01157-y
https://doi.org/10.1016/j.jneb.2016.09.003
https://www.ncbi.nlm.nih.gov/pubmed/27814976
https://doi.org/10.1016/j.appet.2020.104645
https://www.ncbi.nlm.nih.gov/pubmed/32112958
https://doi.org/10.1136/bjsports-2019-101961
https://www.ncbi.nlm.nih.gov/pubmed/33097528
https://doi.org/10.1123/IJSPP.2017-0455
https://doi.org/10.1123/ijsnem.2017-0057
https://www.ncbi.nlm.nih.gov/pubmed/28301302
https://doi.org/10.1136/bjsports-2013-092383
https://www.ncbi.nlm.nih.gov/pubmed/23851296

Nutrients 2024, 16, 334 10 of 11

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dupont, G.; Nedelec, M.; McCall, A.; McCormack, D.; Berthoin, S.; Wisloeff, U. Effect of 2 soccer matches in a week on physical
performance and injury rate. Am. . Sports Med. 2010, 38, 1752-1758. [CrossRef]

Melin, A K.; Heikura, I.A.; Tenforde, A.; Mountjoy, M. Energy Availability in Athletics: Health, Performance, and Physique. Int. ].
Sport Nutr. Exerc. Metab. 2019, 29, 152-164. [CrossRef]

Mountjoy, M.; Sundgot-Borgen, J.; Burke, L.; Ackerman, K.E.; Blauwet, C.; Constantini, N.; Lebrun, C.; Lundy, B.; Melin, A;
Meyer, N.; et al. International Olympic Committee (IOC) Consensus Statement on Relative Energy Deficiency in Sport (RED-S):
2018 Update. Int. J. Sport Nutr. Exerc. Metab. 2018, 28, 316-331. [CrossRef]

Campa, F; Matias, C.N.; Moro, T.; Cerullo, G.; Casolo, A.; Teixeira, FJ.; Paoli, A. Methods over Materials: The Need for Sport-
Specific Equations to Accurately Predict Fat Mass Using Bioimpedance Analysis or Anthropometry. Nutrients 2023, 15, 278.
[CrossRef]

Steward, A.; Marfell-Jones, M. International Standards for Anthropometric Assessment; International Society for the Advancement of
Kinanthropometry: Lower Hutt, New Zealand, 2012.

Suarez-Arrones, L.; Petri, C.; Maldonado, R.A.; Torreno, N.; Munguia-Izquierdo, D.; Di Salvo, V.; Méndez-Villanueva, A. Body fat
assessment in elite soccer players: Cross-validation of different field methods. Sci. Med. Footb. 2018, 2, 203-208. [CrossRef]
Santos, D.A.; Dawson, J.A.; Matias, C.N.; Rocha, PM.; Minderico, C.S.; Allison, D.B.; Sardinha, L.B.; Silva, A.M. Reference values
for body composition and anthropometric measurements in athletes. PLoS ONE 2014, 9, €97846. [CrossRef] [PubMed]

Micheli, M.L.; Pagani, L.; Marella, M.; Gulisano, M.; Piccoli, A.; Angelini, F; Burtscher, M.; Gatterer, H. Bioimpedance and
impedance vector patterns as predictors of league level in male soccer players. Int. |. Sports Physiol. Perform. 2014, 9, 532-539.
[CrossRef] [PubMed]

Coratella, G.; Campa, F.; Matias, C.N.; Toselli, S.; Koury, ].C.; Andreoli, A.; Sardinha, L.B.; Silva, A.M. Generalized bioelectric
impedance-based equations underestimate body fluids in athletes. Scand. J. Med. Sci. Sports 2021, 31, 2123-2132. [CrossRef]
[PubMed]

Matias, C.N.; Campa, F; Cerullo, G.; D’antona, G.; Giro, R.; Faleiro, J.; Reis, J.F.; Monteiro, C.P,; Valamatos, M.].; Teixeira, EJ.
Bioelectrical Impedance Vector Analysis Discriminates Aerobic Power in Futsal Players: The Role of Body Composition. Biology
2022, 11, 505. [CrossRef]

Mascherini, G.; Petri, C.; Galanti, G. Integrated total body composition and localized fat-free mass assessment. Sport Sci. Health
2015, 11, 217-225. [CrossRef]

Winter, E.M.; Maughan, R.J. Requirements for ethics approvals. J. Sports Sci. 2009, 27, 985. [CrossRef]

Durnin, J.V.; Womersley, J. Body fat assessed from total body density and its estimation from skinfold thickness: Measurements
on 481 men and women aged from 16 to 72 Years. Br. J. Nutr. 1974, 32, 77-97. [CrossRef]

Kotler, D.P,; Burastero, S.; Wang, J.; Pierson, R.N., Jr. Prediction of body cell mass, fat-free mass, and total body water with
bioelectrical impedance analysis: Effects of race, sex, and disease. Am. J. Clin. Nutr. 1996, 64, 4895-497S. [CrossRef]

Campa, F; Bongiovanni, T.; Rossi, A.; Cerullo, G.; Casolo, A.; Martera, G.; Trecroci, A.; Moro, T.; Paoli, A. Athletic bioimpedance-
based equations underestimate fat free mass components in male elite soccer players: Development and validation of new
soccer-specific predictive models. . Transl. Med. 2023, 21, 912. [CrossRef]

Matias, C.N.; Campa, F;; Santos, D.A.; Lukaski, H.; Sardinha, L.B.; Silva, A.M. Fat-free Mass Bioelectrical Impedance Analysis
Predictive Equation for Athletes using a 4-Compartment Model. Int. |. Sports Med. 2021, 42, 27-32. [CrossRef]

Hopkins, W.; Marshall, S.; Batterham, A.; Hanin, J. Progressive statistics for studies in sports medicine and exercise science. Med.
Sci. Sports Exerc. 2009, 41, 3-13. [CrossRef] [PubMed]

Koehler, K.; Hoerner, N.R.; Gibbs, J.C.; Zinner, C.; Braun, H.; De Souza, M.].; Schaenzer, W. Low energy availability in exercising
men is associated with reduced leptin and insulin but not with changes in other metabolic hormones. J. Sports Sci. 2016, 34,
1921-1929. [CrossRef] [PubMed]

Meyer, N.L.; Sundgot-Borgen, J.; Lohman, T.G.; Ackland, T.R.; Stewart, A.D.; Maughan, R.J.; Smith, S.; Miiller, W. Body
composition for health and performance: A survey of body composition assessment practice carried out by the ad hoc research
working group on body composition, health and performance under the auspices of the IOC medical commission. Br. ]. Sports
Med. 2013, 47, 1044-1053. [CrossRef] [PubMed]

Sundgot-Borgen, J.; Meyer, N.L.; Lohman, T.G.; Ackland, T.R.; Maughan, R.J.; Stewart, A.D.; Miiller, W. How to minimise the
health risks to athletes who compete in weight-sensitive sports review and position statement on behalf of the ad hoc research
working group on body composition, health and performance, under the auspices of the IOC medical commission. Br. ]. Sports
Med. 2013, 47, 1012-1022. [CrossRef] [PubMed]

Clark, M.; Reed, D.B.; Crouse, S.F.; Armstrong, R.B. Pre- and post-season dietary intake, body composition, and performance
indices of NCAA division I female soccer players. Int. |. Sport Nutr. Exerc. Metab. 2003, 13, 303-319. [CrossRef]

Gravina, L.; Ruiz, E; Lekue, J.A,; Irazusta, J.; Gil, S.M. Metabolic impact of a soccer match on female players. J. Sports Sci. 2011, 29,
1345-1352. [CrossRef]

Sebastia-Rico, J.; Soriano, ]. M.; Gonzalez-Galvez, N.; Martinez-Sanz, ]. M. Body Composition of Male Professional Soccer Players
Using Different Measurement Methods: A Systematic Review and Meta-Analysis. Nutrients 2023, 15, 1160. [CrossRef]

Sala, V.P; Riera, J.; Ballarini, P-A.G.; Martinez, ED.; Banquells, M.; Ruiz, O. Caracteristicas antropométricas, composicion corporal
y somatotipo por deportes.: Datos de referencia del CAR de San Cugat, 1989-2013. Apunts Med. Esport. 2015, 50, 65-72.


https://doi.org/10.1177/0363546510361236
https://doi.org/10.1123/ijsnem.2018-0201
https://doi.org/10.1123/ijsnem.2018-0136
https://doi.org/10.3390/nu15020278
https://doi.org/10.1080/24733938.2018.1445871
https://doi.org/10.1371/journal.pone.0097846
https://www.ncbi.nlm.nih.gov/pubmed/24830292
https://doi.org/10.1123/ijspp.2013-0119
https://www.ncbi.nlm.nih.gov/pubmed/23881291
https://doi.org/10.1111/sms.14033
https://www.ncbi.nlm.nih.gov/pubmed/34383339
https://doi.org/10.3390/biology11040505
https://doi.org/10.1007/s11332-015-0228-y
https://doi.org/10.1080/02640410903178344
https://doi.org/10.1079/BJN19740060
https://doi.org/10.1093/ajcn/64.3.489S
https://doi.org/10.1186/s12967-023-04795-z
https://doi.org/10.1055/a-1179-6236
https://doi.org/10.1249/MSS.0b013e31818cb278
https://www.ncbi.nlm.nih.gov/pubmed/19092709
https://doi.org/10.1080/02640414.2016.1142109
https://www.ncbi.nlm.nih.gov/pubmed/26852783
https://doi.org/10.1136/bjsports-2013-092561
https://www.ncbi.nlm.nih.gov/pubmed/24065075
https://doi.org/10.1136/bjsports-2013-092966
https://www.ncbi.nlm.nih.gov/pubmed/24115480
https://doi.org/10.1123/ijsnem.13.3.303
https://doi.org/10.1080/02640414.2011.597420
https://doi.org/10.3390/nu15051160

Nutrients 2024, 16, 334 11 of 11

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Cavia, M.; Moreno, A.; Fernandez-Trabanco, B.; Carrillo, C.; Alonso-Torre, S. Anthropometric Characteristics and Somatotype of
Professional Soccer Players by Position. J. Sports Med. Ther. 2019, 4, 73-80. [CrossRef]

Sutton, L.; Scott, M.; Wallace, J.; Reilly, T. Body Composition of English Premier League Soccer Players: Influence of Playing
Position, International Status, and Ethnicity. J. Sports Sci. 2009, 27, 1019-1026. [CrossRef] [PubMed]

Stelen, T.; Chamari, K.; Castagna, C.; Wisleff, U. Physiology of Soccer: An Update. Sports Med. 2005, 35, 501-536. [CrossRef]
[PubMed]

Wallace, J.L.; Norton, K.I. Evolution of World Cup Soccer Final Games 1966-2010: Game Structure, Speed and Play Patterns. J. Sci.
Med. Sport 2014, 17, 223-228. [CrossRef] [PubMed]

Nassis, G.P.; Massey, A.; Jacobsen, P; Brito, J.; Randers, M.B.; Castagna, C.; Mohr, M.; Krustrup, P. Elite Football of 2030 Will Not
Be the Same as That of 2020: Preparing Players, Coaches, and Support Staff for the Evolution. Scand. ]. Med. Sci. Sports 2020, 30,
962-964. [CrossRef] [PubMed]

Moya-Amaya, H.; Molina-Lépez, A.; Berral-Aguilar, A.J.; Rojano-Ortega, D.; Berral-De-La-Rosa, F.J. Migraciéon Del Somatotipo
En Jugadores de Futbol Profesional En Las Ultimas Décadas. Int. J. Morphol. 2022, 40, 327-333. [CrossRef]

Mountjoy, M.; Sundgot-Borgen, ].K.; Burke, L.M.; Ackerman, K.E.; Blauwet, C.; Constantini, N.; Lebrun, C.; Lundy, B.; Melin,
AK.; Meyer, N.L.; et al. IOC consensus statement on relative energy deficiency in sport (RED-S): 2018 update. Br. J. Sports Med.
2018, 52, 687-697. [CrossRef]

Drew, M.K,; Vlahovich, N.; Hughes, D.; Appaneal, R.; Peterson, K.; Burke, L.; Lundy, B.; Toomey, M.; Watts, D.; Lovell, G.; et al. A
multifactorial evaluation of illness risk factors in athletes preparing for the Summer Olympic Games. J. Sci. Med. Sport 2017, 20,
745-750. [CrossRef]

Tornberg, A.B.; Melin, A.; Koivula, EM.; Johansson, A.; Skouby, S.0.; Faber, J.; Sjodin, A. Reduced neuromuscular performance in
amenorrheic elite endurance athletes. Med. Sci. Sports Exerc. 2017, 49, 2478-2485. [CrossRef]

Petri, C.; Mascherini, G.; Pengue, L.; Galanti, G. Dietary habits in elite soccer players. Sport Sci. Health 2016, 12, 113-119. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.29328/journal.jsmt.1001047
https://doi.org/10.1080/02640410903030305
https://www.ncbi.nlm.nih.gov/pubmed/19847685
https://doi.org/10.2165/00007256-200535060-00004
https://www.ncbi.nlm.nih.gov/pubmed/15974635
https://doi.org/10.1016/j.jsams.2013.03.016
https://www.ncbi.nlm.nih.gov/pubmed/23643671
https://doi.org/10.1111/sms.13681
https://www.ncbi.nlm.nih.gov/pubmed/32424904
https://doi.org/10.4067/S0717-95022022000200327
https://doi.org/10.1136/bjsports-2018-099193
https://doi.org/10.1016/j.jsams.2017.02.010
https://doi.org/10.1249/MSS.0000000000001383
https://doi.org/10.1007/s11332-016-0264-2

	Introduction 
	Materials and Methods 
	Participants 
	Body Composition 
	Skinfold Thickness 
	Whole-Body Bioimpedance Analysis (BIA) 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

