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Abstract

External intensity quantification and body composition assessments across the season allow soccer coaches to adjust the
intensity during training sessions, thereby avoiding excessive fatigue and helping players maximize their physical fitness
status during matches. Thus, the aims of this study were (l) to describe variations in external intensity periods of dis-
tance and accelerometry-based measures across the early and mid-competitive phases and (2) to analyze whether the
intensity variations influenced body composition across the 2019/20 competitive season. Ten players from a Portuguese
BPI Ligue team (professional league) participated in this study. The participants completed = 80% of 57 training sessions
and |3 matches. The athletes were assessed in three phases (before the start of the season, after 2 months, and after
4 months) for the following variables: body fat mass, soft lean mass, fat-free mass, intracellular water, extracellular water,
total body water, and phase angle (50 kHz) through bioelectrical impedance analysis (InBody S10). A 10-Hz GPS device
(PlayerTek) was used to collect distance and accelerometry-based measures, which included total distance, high-speed
running distance, sprint distance, acceleration, deceleration, and player load. Repeated-measures analysis of covariance
(ANCOVA) with GPS-derived measures as covariates or repeated-measures analysis of variance (ANOVA) was used to
compare the three moments of assessment. Although the patterns of variables’ responses were not the same as the sea-
son progressed, the values of body fat mass, fat-free mass, intracellular water, extracellular water, total body water,
ratios of ECW/TBW, ECW/ICW, and phase angle improved. Variations in external intensity measures seem to influence
the body composition variables across the season. These results may indicate good adaptations to the training and condi-
tioning strategies managed by the coach and technical staff.
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Introduction

In a recent editorial by Nassi et al." a group of experts
listed a set of challenges that women’s soccer may face,
which practitioners, scientists, and coaches can con-
sider to more effectively manage the physiological and
psychological demands of training and match play.
One of the aforementioned challenges emphasizes the
need for more research regarding intensity monitoring
of physical and physiological demands in women’s soc-
cer.” Given that the scientific body of knowledge is
mostly based on men’s data, training and conditioning
strategies should be reconsidered based on how soccer
games stress women’s metabolic systems specifically.'
Thus, monitoring training data, anthropometry, body
composition, and/or physical fitness daily throughout
the season is key for ensuring the structured develop-
ment of performance and preventing injury.’

Male and female soccer games can be characterized
by intermittent efforts to perform activities of low-to-
moderate intensities interspersed between high-intensity
efforts.* Since soccer is an intermittent running-based
sport that depends on the individual sport dynamic and
interactions with contextual factors, the locomotor
demands imposed on players vary throughout a
match.>® However, players spend a large part of a
match jogging and running, while high-intensity sprint-
ing is a small but determinant part of the game.” These
high-intensity demands are associated with critical
moments of the match (e.g. counterattacks, shooting
opportunities).® Furthermore, although the distance
covered in the games has remained the same for
decades, clear evidence shows that matches have
become more intense based on the progressive distance
increase in high-intensity running (~30% in recent
years) and sprinting (almost 70% in some cases).’

Considering the need to prepare female players for
the locomotor and mechanical demands of matches,
coaches have used intensity monitoring as part of the
strategy to control the consequences of the training
process on the players.'® Intensity monitoring can be
organized into two categories: external and internal.'!
External intensity is represented by the physical
demands imposed by the training drills, while internal
intensity refers to the psychophysiological responses
that occur based on the physical demands.'?
Considering consistent and progressive training stimuli
and their impact on internal and external intensity,

adaptations in both biological dimensions and physical
fitness are expected.'?

Naturally, adaptations in female players are not
exclusively related to training itself. Factors such as
each player’s lifestyle,"® genetics,'* and trainability'’
can influence their adaptations in response to training.
However, players expect that the progressive training
periodization will lead to positive physical and psycho-
logical adaptations and promote long-term health.
Body composition is among the adaptations that can
be potentially explained by the training process.'® Body
composition depends heavily on several factors.
However, the training intensity and the volume
imposed on an athlete can be associated with changes
that take place over time.'” In fact, periods of exposure
to high-intensity demands (above 90% of maximum
heart rate) can produce metabolic responses and
changes that can ultimately alter how much fat mass
and lean mass an athlete gains or losses.'’

These concerns regarding body composition are
related to its importance in explaining variations in
some physical capacities.'® For example, a high fat
mass and dehydration can lower an athlete’s aerobic
capacity or repeated sprint ability, while a high lean
mass promotes express strength and power.'” Thus, it is
important to control body composition variations and
possibly identify factors that can explain the changes
that occur during a season.

While it is important to recognize fat-free mass
(FFM), there is no standard ideal value for this mar-
ker.?® For example, values of around 16% can be
expected in women soccer players, but the relationship
between fat mass and performance is not straightfor-
ward. Moreover, the exact causes for variations of fat
mass as they relate to the training process are still
unknown. A recent study on female soccer players
tested whether changes in body composition can be
explained by the internal training intensity.?' A signifi-
cant influence of internal training intensity on the
changes occurring in body composition was not
found.?! Therefore, more research is needed to analyze
the association between training intensity and body
composition in elite adult women soccer players
throughout a season.

Thus, the aims of this study were twofold: (1) to
describe the variations in external intensity periods of
distance and accelerometry-based measures across the
early and mid-competitive phases and (2) to analyze if
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intensity variations influenced athletes’ body composi-
tion during the 2019/20 season.

Materials and methods

Experimental approach to the problem

This was an analytical and observational cohort study.
The training sessions were performed during a 5-month
period, from September 2019 to January 2020 (early-
to-mid-season). The COVID-19 pandemic disrupted
training sessions and matches as the season was sus-
pended in March. The anthropometric and body com-
position assessments were conducted on three different
occasions: in the first week of September (before the
start of the season, A1), after 2 months (during the sec-
ond week of November, A2), and 2 months after A2 (in
the third week of January, A3). All assessments were
made in the same room and under the same environ-
mental conditions — namely, place, time of day, order
of test application, temperature (22°C-24°C), and rela-
tive humidity (55%-65%) — by the same examiner. The
players did not perform any complimentary training
sessions during the study period.

Participants

Ten elite women soccer players with a professional
experience of 4.9 2.1 years, an age of 24.6 * 2.3 years,
a height of 165 = 6.0cm, a body mass of 58.5 £ 9.3 kg,
and a body mass index of 22.3 +3.8kg/m?, partici-
pated in this study.

We estimated the power of the sample size using a
post hoc F-test: the within-group factor in a repeated-
measures ANOVA. The analysis featured 97.5% of the
actual power, with a total of 10 participants, a p-value
of < 0.05, and an effect size (ES) of 0.6. We estimated
the power of the sample size using a post hoc F-test: the
within-group factor in a repeated-measures MANOVA.
The analysis featured 99.8% of the actual power, with a
total of 10 participants, a p-value of < 0.05, and an ES
of 1.2. In addition, the power of the sample size was cal-
culated for a matched-pairs r-test, with a total of 10
participants, a p-value of < 0.05, and an ES of 1.2. All
calculations were made using G-Power.?

The players belonged to a team that participated in
the Portuguese BPI League (a professional league) dur-
ing the 2019/20 in-season. The inclusion criteria were
regular participation in most of the training sessions
(80% of the weekly training sessions) and playtime of
at least half of the matches in the first half of the sea-
son.”*?* The exclusion criteria were injury, illness, sick-
ness, and/or non-performance in any of the
assessments. The participants comprised three defen-
ders, four midfielders, and three strikers.

All the participants were familiarized with the train-
ing protocols and had the study design carefully
explained to them. Written informed consent from par-
ticipants and approval from the Research Ethics

3
Table I. Participation in the 13 matches (min).
Match number Median Minimum Maximum
| 93 0 93
2 93 0 93
3 93 26 93
4 104 23 104
5 102 49 102
6 95 45 95
7 103 94 103
8 99 48 99
9 96 96 96
10 95 | 95
I 98 98 98
12 98 23 98
13 100 58 100

Committee of the Polytechnic Institute of Santarém,
Santarém, Portugal (252020 Desporto) were obtained
prior to the investigation. Furthermore, the study was
conducted according to the requirements of the
Declaration of Helsinki. All the subjects received their
club’s medical approval to participate in the study and
were instructed not to take any medication during the
study.

During the first week of the assessment (Al) and
during the last week of the assessment (A3), a food fre-
quency questionnaire was administered to assess nutri-
tional intake was applied over a 7-day period using a
24 h diet record. This was done for the players to verify
their habits and food regimen routines.

The participants received instructions regarding the
portion sizes, supplements, food preparation aspects,
and other aspects pertaining to the accurate recording
of their energy intake. The records were reviewed for
macronutrient composition and total energy intake.*
All the participants were asked to maintain their nor-
mal diet throughout the study period.

Procedures

Data were collected in weeks with only one match,
meaning that the team typically trained 3 days a week.
During the study period, a total of 57 training sessions
and 13 matches (with a minimum of 56% of total
match time) occurred. The 57 training sessions were
divided into 19 speed endurance sessions (e.g. long
sprints, repeated sprints), 19 aerobic high-intensity ses-
sions (e.g. interval training, medium- to large-sized
games), and 19 ball-possession games and team/oppo-
nent tactics sessions.

The number of minutes played during each match is
presented in Table 1. Between the first and second
assessments, 30 training sessions and 6 matches
occurred; between the second and third assessments, 27
training sessions and 7 matches occurred.

A portable 10 Hz GPS device (PlayerTek, Catapult
Innovations, Melbourne, Australia) was used to pro-
duce specific information regarding training and match
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Table 2. Comparisons of running distance and accelerometry-based measures between periods.

Variable Al-A2 A2-A3 p ES Change %

Training duration (min) 2162.46 =273.24 2136.17 = 385.55 0.865 - —1.2
(1966.99-2357.92) (1860.36-2411.96)

Total distance (m) 118895.75 + 15015.10 137740.74 = 29030.76 0.122 - 13.7
(108,154.6—129,636.9) (116,973.4-158,508.1)

High-speed running (m) 101230.0 = 44003.0 97880.0 = 421284 0.803 - -34
(69,752.0-132,708.0) (67,743.0-128,017.0)

Acceleration (nr) 5408.69 = 787.61 6789.64 = 1601.51 0.033 —1.09 (—1.71, —0.47) 20.3
(4845.27-5972.11) (5643.98-7935.29)

Deceleration (nr) 4514.89 = 539.17 6463.27 = 1560.82 0.006 —1.60 (—2.60, —0.59) 30.1
(4128.88—4900.29) (5346.73-7579.82)

Player load (AU) 5939.00 = 503.10 5512.99 = 1174.66 0.345 - =77

(5579.10-6298.90)

(4672.69-6353.29)

min: minutes; m: meters; nr: number; AU: arbitrary units; A: assessment; ES: effect size.

intensity. This device also incorporated a tri-axial 100-
Hz accelerometer. These types of GPS devices seem to
be the most valid and reliable for use in team sports.®

Anthropometric and body composition assessment

The anthropometric and body composition measures
were obtained with the subjects dressed in light clothing
without shoes. The participants were further asked to
remove all objects that could interfere with the bioelec-
trical impedance assessment. The participants’ weights
and heights were measured using a stadiometer with an
incorporated scale (Seca 220, Hamburg, Germany)
according to standardized procedures.?’

The body composition data were obtained with
bioelectrical impedance analysis through Inbody S10
(model IMW140, Biospace Co, Ltd., Seoul, Korea)
according to the manufacturer’s guidelines®®?® and the
recommendations of previous studies.”’*° Eight elec-
trodes were placed on eight tactile points (both thumbs,
middle fingers, and ankles) for the multi-segmental fre-
quency analysis. Next, a total of 30 impedance mea-
surements were obtained at frequencies of 1, 5, 50, 250,
500, and 1000 kHz from different segments of the body,
such as the right and left arms, trunk, and right and left
legs. Moreover, three different frequencies (5, 50, and
250kHz) were used to collect the 15 reactance, PhA
measurements from the right and left arms, trunk, and
right and left legs, respectively. The variables collected
were body fat mass (BFM), soft lean mass (SLM),
FFM, intracellular water (ICW), extracellular water
(ECW), total body water (TBW), phase angle (PhA,
50kHz), ECW/TBW ratio, and ECW/ICW.

The measurements were carried out in the morning®'
in a room with an ambient temperature and relative
humidity of 22°C-23°C and 50%-60%, respectively,
after a minimum of 8h of fasting and after players’
bladders were emptied. The participants adopted a
supine position with their arms and legs abducted at a
45° angle, and the dorsal surfaces of their right hand
and foot were cleaned with alcohol. After participants
rested for 10min in a quiet room, eight electrodes were

placed on the cleaned surfaces, and the measurements
were taken. The subjects did not exercise or ingest caf-
feine or alcohol during the 12 h prior to the assessment.
Furthermore, they were assessed only if they were in
the luteal phase of the ovulatory menstrual cycle.
Otherwise, they waited until they were in the luteal
phase. All the assessments were performed by the same
evaluator to minimize possible measurement errors.*!

Training and match intensity quantification

About 10min before each training session and match,
PlayerTek devices were turned on, and the players were
asked to use them. The devices were turned on and
placed in a specifically customized vest pocket located
on the posterior side of the upper torso fitted tightly to
the body, as is typically done in matches. The devices
were placed and checked by the same coach of the team,
and each player always used the same device.™

The measures used for analysis were total distance,
high-speed running distance (= 15km/h),** numbers of
accelerations (> 1m/s) and decelerations ( < 1m/s),
and player load. All variables were analyzed based on
the accumulated values for each assessment period.

Statistical procedures

Descriptive statistics (mean * standard deviation and
95% confidence interval) were calculated for all the
measurements. All the variables were checked for nor-
mality and homoscedasticity using the Shapiro-Wilk
and Levene tests, respectively. Then, Pearson’s product-
moment correlation coefficient between body composi-
tion variables and intensity quantification measures
was calculated; the following thresholds were consid-
ered: <0.1, trivial; >0.1-0.3, small; > 0.3-0.5, moder-
ate; >0.5-0.7, large; >0.7-0.9, very large; >0.9-1.0,
almost perfect.

If correlations were detected, an analysis of covar-
iance (ANCOVA) with repeated measures was per-
formed for the variables that obtained a normal
distribution. This way, the three body composition
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Table 3. Correlation analysis between measures for A1-A2.

Measures Min TD HSR ACC DEC PL
Body weight —0.080 —-0.518 —0.624 —0.401 —0.427 —0.429
Body fat mass —0.481 —-0.519 —0.693 —0.540 —0.502 —0.528
Soft lean mass 0.199 —0.376 —0410 —0.204 —0.262 —0.248
Fat-free mass 0.188 —0.377 —0412 —0.207 —0.265 —0.252
Intracellular water 0.223 —0.356 —0.384 —0.184 —0.241 —0.227
Extracellular water 0.154 —0.406 —0.460 —0.248 —0.311 —0.295
Total body water 0.198 —0.376 —0413 —0.208 —0.268 —0.253
ECWI/TBW —0.383 —0.148 —0.242 —0.225 —0.243 —0.245
ECWI/ICW —0.471 —0.268 —0.362 —0.400 —0.370 —0.381
TBW/fat-free mass 0.226 —0.050 —0.074 —0.081 —0.111 —0.034
Phase angle (6, 50 kHz) 0.357 0.204 0217 0.464 0.509 0.509
ECW: extracellular water; TBW: total body water; ICW: intracellular water; Min: accumulated training and match duration; TD: total distance;

HSR: high-speed running; ACC: acceleration; DEC: deceleration; PL: player load

Correlations are highlighted in bold (p =0.026).

Table 4. Correlation analysis between measures for A2—A3.

Measures Min TD HSR ACC DEC PL
Body weight 0.031 —0.066 —0.455 —0.094 —0.092 0.086
Body fat mass —0.402 —0.485 —0.395 —0.285 —0.255 0.246
Soft lean mass 0.200 0.127 —0.345 0.017 0.007 0.000
Fat-free mass 0.197 0.123 —0.346 0.010 0.001 —0.005
Intracellular water 0.198 0.127 —0.343 0.019 0.009 0.004
Extracellular water 0.209 0.131 —0.394 —0.229 —0.341 —0.303
Total body water 0.202 0.128 —0.345 0.016 0.007 —0.001
ECW/I/TBW —0.059 —0.058 0.210 —0.055 —0.047 —0.095
ECWI/ICW —0.060 —0.010 0.337 —0.067 —0.061 —0.186
TBW/fat-free mass —0.055 —0.005 —0.037 0.145 0.132 0.096
Phase angle (6, 50 kHz) 0.024 —0.149 —0431 —0.260 —0.269 —0.130

ECW: extracellular water; TBW: total body water; ICW: intracellular water; Min: accumulated training and match duration; TD: total distance;
HSR: high-speed running; ACC: acceleration; DEC: deceleration; PL: player load.

assessments could be compared, with intensity mea-
sures used as covariates. If no correlation was detected,
a repeated-measures ANOVA was calculated to com-
pare the three assessments. A z-test was also applied to
compare measures of intensity quantification for both
periods. The change percentage was also calculated for
comparative analysis.

A p-value of <0.05 was established as significant,
and all the data were analyzed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA) for Windows.
Furthermore, the change (%) was calculated between
each comparison. Finally, the Hedges ES was com-
puted to determine the effect magnitude by dividing the
difference between two means by the standard devia-
tion from the data. The following criteria were used:
< 0.2 = trivial, 0.2-0.6 = small effect, 0.6-1.2 = mod-
erate effect, 1.2-2.0 = large effect, and >2.0 = very
large.**

Results

Table 2 summarizes the comparisons of the accumu-
lated GPS data for the periods of analysis. Only

accelerations and decelerations presented significant
differences. Specifically, higher values were recorded
for A2—-A3 than for A1-A2.

Table 3 shows the correlation analysis between body
composition and intensity variables during A1 and A2.
Table 4 shows the correlation analysis between body
composition and intensity variables between A2 and
A3. The only significant correlation was found between
BFM and HSR during A1-A2 (p = 0.026).

Table 5 shows between-period comparisons of body
composition variables. Since only BFM and high-speed
running denoted a large correlation between Al and
A2, high-speed running was used as a covariate to com-
pare the three periods. A linear interaction between this
variable and BFM was verified (p = 0.043; ES = —1.34
(0.37, —2.06)).

The remaining comparisons were performed through
a repeated-measures ANOVA. Significant differences
were detected between Al and A2, with moderate to
very large effects. Namely, these were as follows: BFM
(» =0.029; ES =2.09 (0.99, 3.19)), SLM (p = 0.016;
ES=-1.09 (-1.81, -0.38)), FFM (p=0.011;
ES=-122 (-1.93, -0.50)), ICW (p=0.010;
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Table 5. Comparisons of body composition variables between assessments.

Change %
(A1-A3)

Change %
(A2-A3)

Change %
(A1-A2)

A3

A2

Al

Variables

-0.9
—25.6
3.7
4.1
4.2
2.7
3.6
—-0.8
—0.5
4.1

58.40 = 2.47 (52.81-63.99)
9.71 = 0.90 (7.59—11.83)
45.67 + 2.09 (40.94-50.40)
48.69 + 2.22 (43.67-53.71)
22.28 + 1.05 (19.91-24.65)
13.17 + 0.56 (I 1.89—14.45)
3545 + 1.61 (31.81-39.09)
0372+ 0.001 (0.37-0.38)
0.592 + 0.004 (0.58-0.60)
72.82 = 0.6 (72.69-72.95)
6.98 = 0.10 (6.74-7.22)

58.00 + 2.4 (52.48-63.52)
9.61 = 0.91 (7.46-11.76)
4532+ 1.70 (41.46-49.18)
48.39 = 1.82 (44.28-52.50)
22.09 = 0.84 (20.19-23.99)
13.12 + 0.48 (12.03-14.21)
35.21 = 1.32 (32.23-38.19)
0.373 = 0.002 (0.37-0.38)
0.595 = 0.004 (0.59-0.61)
72.74 + 0.07 (72.58-72.90)
6.54 = 0.14 (6.22-6.86)

-73.22)*°
b

0.376 = 0.001 (0.37-0.38)*°
0.602 * 0.004 (0.59-0.61)

73.12 = 0.05 (72.98
6.27 + 0.11 (6.02-6.52)

58.50 = 2.93 (51.86-65.14)
12.07 = 1.31 (8.98-15.16)*
43.66 = 1.45 (40.37—46.95)
46.43 + 1.54 (42.95-49.91)*°
21.17 = 0.71 (19.57-22.77)*
12.76 + 0.43 (11.79-13.73)
33.93 = 1.13 (31.37-36.49)

Intracellular water (L)
Extracellular water (L)

Total body water (L)

ECW/TBW

ECWI/ICW

Body fat mass (kg)
Soft lean mass (kg)
Fat-free mass (kg)
Phase angle (6, 50 kHz)

Body weight (kg)
TBW/fat-free mass

Al: assessment |; A2: assessment 2; A3: assessment 3; ECW: extracellular water; ICW: intracellular water; TBW: total body water.

?Denotes significant difference between Al and A2 (p < 0.05).

®Denotes significant difference between Al and A3 (p < 0.05).

ES=—-1.19 (-2.00, -0.39)), TBW (p=0.015;
ES = —1.07 (—1.81, —0.34)), ECW/TBW (p = 0.019;
ES = 1.32 (—2.00, 4.63)), and TBW/FFM (p = 0.001;
ES = 7.16 (5.88, 8.43)). The only small effect was found
for ECW (p = 0.049; ES = —0.77 (—1.62, 0.08)).

Finally, between A1l and A3, significant differences
with large to very large effects were recorded for FFM
(» < 0.001; ES= —1.34 (0.37, —2.06)), ECW/TBW
(» = 0.050; ES = 3.61 (—0.01, 7.23)), TBW/FFM (p
< 0.001; ES = 1.44 (0.75, 2.14)), and PhA (p = 0.007,
ES = —6.45 (—8.82, —4.07)).

Discussion

The aim of this study was twofold: (1) to describe the
variations in external intensity periods of distance and
accelerometry-based measures across the early and
mid-competitive phases of a soccer season and (2) to
analyze if the intensity variations influenced players’
body composition across the 2019/20 season. Our prin-
cipal evidence revealed (1) that the numbers of accel-
erations (p = 0.033; ES = —1.09 (—1.71, —0.47)) and
decelerations (p = 0.006; ES = —1.60 (—2.60, —0.59))
were significantly greater in A2-A3 when compared to
A1-A2 and (2) that several body composition measures
exhibited significant changes across the 2019/2020 sea-
son, particularly between Al and A2. Additionally,
high-speed running and BFM were correlated in Al-
A2 (r=—0.693; p = 0.026). The associations between
the training duration, total distance, and relative
changes in anthropometry and body composition were
unsystematic.

Significant between-period differences were recorded
in the numbers of accelerations and decelerations.
Intense accelerations and decelerations are a substantial
part of high external intensity, as they impose a specific
physiological and mechanical strain on players.”> The
quantification of these specific fundamental actions is
extremely important because they can describe the rate
of variation of the speed in relation to time.*® As such,
when this variable is not quantified, the levels of stress
and accumulated load may be underestimated.*

It has been reported that when these metrics are con-
sidered, the training intensity increases by 6%-8%.%’
According to the present study’s results, the A2-A3
period involved more high-intensity actions (i.e. power
actions) than the A1-A2 period. However, the number
of minutes spent training was very similar between peri-
ods. Furthermore, the average accumulated player load
value was higher in the A1-A2 period than in the A2—
A3 period. Thereafter, the differences between periods
could be associated with goals of the season and the
current position in the classification table. An individu-
al’s capacity to perform more high-intensity actions
later in the season is fundamental, particularly if the
team is trying to achieve the top positions in the classi-
fication or intending to maintain its competition level.
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The frequency of high-intensity accelerations and
decelerations completed during matches has been asso-
ciated with decreases in neuromuscular performance
and indicators of muscle damage.*®*' Such outcomes
confirm the usefulness of these metrics for coaches and
technical staff.

Accelerations and decelerations have also been asso-
ciated with high ratings of perceived exertion and blood
lactate concentration.** Recently, Douchet et al.*
reported that a week with more accelerations and decel-
erations increased fatigue among 12 elite women soccer
players, as indicated by the greater rating of perceived
exertion and Hooper index scores. The results of the
present study could be explained by the coach’s prefer-
ence to conduct training exercises with a larger relative
field area per player®® (e.g. 4 vs 4 players, plus goal-
keepers, on a 30 X 40m field)*> in the A2-A3 period.
Such exercises tend to increase the number of off-the-
ball movements, increasing physiological demands.**

Table 4 showed significant differences between Al
and A2 for various body composition variables, namely
BFM, SLM, FFM, ICW, ECW, TBW, ECW/TBW
ratio, and TBW/FFM ratio. This high number of sig-
nificant differences may be associated with a sudden
increase in training intensity. Such a sharp increase is
typical of the pre-competitive season®’ and is followed
by further high training intensity during the beginning
of the in-season.*

The results shown in Table 4, when considered
together with those in Table 1, indicate that the coach
and his technical staff properly managed the training
intensity and progression/planning of the analyzed
periods. Specifically, while the intensity applied in the
training sessions in the first phase of the season induced
chronic physiological adaptations, this was not the
period with the highest intensity sessions (A2-A3
assessment). If intensity management is unbalanced,
players may experience an increased risk of injury,
decreased  aerobic  capacity, and  decreased
performance.*

The present study also showed a negative association
between BFM levels and the accumulative values of
high-speed running in A1-A2 (r = —0.693; p = 0.026).
This result is in line with previous research that investi-
gated the influence of BFM on athletes’ performance.*®
The BFM values showed a sharp decrease between Al
and A2 and then remained constant between A2 and
A3 (Table 4). This result confirmed the findings of our
previous investigation of professional women soccer
players.*!

Regarding the remaining parameters of body com-
position, the values of TBW and ICW increased during
the analyzed period, confirming previous results which
indicate an increase in muscle mass. Simultaneously,
studies have reported a relationship between muscle
mass and the ability to produce strength and power.?!*’
The present results suggest that the coach and technical
staff effectively managed intensity to maximize the

athletes’ capabilities, such as strength and power.'**

However, future studies should also assess such
capabilities.

The phase-angle measure was significantly greater in
A3 than in Al (p=0.007, ES= —-6.45 (—8.82,
—4.07)). According to Francisco et al.*® this assessment
is extremely useful for coaches, nutritionists, and exer-
cise physiologists to provide specific recommendations
to improve athletic performance and prevent perfor-
mance declines. Our previous study’! showed a mean
value of 6.26° = 0.11° in Al, 6.67°+0.31° in A2, and
6.99° +0.10° in A3. These values align with the present
study, which shows an average value of 6.27° = 0.11° in
Al, 6.54°*£0.14° in A2, and 6.98°£0.10° in A3. A
reduced value in this parameter may indicate muscle
injury due to cell membrane rupture.*’

Scientific research on women soccer athletes is still
scarce,’! especially at the professional level. To the best
of our knowledge, this is the first study on elite women
soccer players to include several body composition
variables and external intensity variables. Associations
between individual match playing time and changes in
body composition among elite women soccer players
should be studied in the future.

Despite the relevance of our study, some limitations
should be highlighted. First, a major limitation was the
sample size and the inclusion of only one team. Second,
the positions of each player were not considered due to
the size of the sample, which may have influenced our
results. For instance, a previous study conducted on
women soccer players from the first Spanish division
showed that central defenders and wide midfielders pre-
sented low high-speed running distances (> 15km/h)
while strikers and central midfielders exhibited higher
intensities in high-speed running distance and numbers
of accelerations and decelerations during matches.>
However, the same study did not present any significant
between-position differences during training sessions
due to the common utilization of small-sided games.>*
Third, high-speed running distance was defined as
> 15km/h, but this speed that defines high intensity
can be different between individuals, once it can overes-
timate, or underestimate the actual speed intensity.

Finally, as mentioned in a previous study, two other
limitations should be pointed out. First, the use of
tetra-polar and multi-frequency bioimpedance equip-
ment, such as InBody S10, is not a reference method for
body composition analysis. Second, the fact that nutri-
tional intake was assessed by a questionnaire to control
players’ nutritional habits could have influenced the
results. A week-by-week assessment may improve such
an analysis; this matter should be addressed in future
investigations.?'

We recommend that the authors of future studies
include a larger sample so that they can study situa-
tional variables, such as playing position, playing status
(starter vs non-starter), and the number of matches per
week, to better understand training intensity
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distribution. Furthermore, an analysis based on week-
by-week measures could detect other variations that
help to explain body composition changes across a
season.

Conclusion

Although the pattern of variables’ responses changed as
the season progressed, improvements were observed in
body fat mass, fat-free mass, intracellular water, extra-
cellular water, total body water, and phase angle. The
data suggest that variations in external intensity mea-
sures influence body composition variables across the
season. These results may indicate good adaptations to
training and conditioning strategies.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publi-
cation of this article.[AQ: 3]

Funding

The author(s) received no financial support for the
research, authorship, and/or publication of this article.

ORCID iDs

Filipe Manuel Clemente
0001-9813-2842
Jodo Paulo Brito
4269

Hadi Nobari
Rafael Oliveira
6229

https://orcid.org/0000-
https://orcid.org/0000-0003-4357-

https://orcid.org/0000-0001-7951-8977
https://orcid.org/0000-0001-6671-

References[AQ: 4]

1. Nassis GP, Brito J, Tomas R, et al. Elite women’s foot-
ball: evolution and challenges for the years ahead. Scand
J Med Sci Sports 2022; 32: 7-11.

2. Randell RK, Clifford T, Drust B, et al. Physiological
characteristics of female soccer players and health and
performance considerations: a narrative review. Sports
Med 2021; 51: 1377-1399.

3. Bourdon PC, Cardinale M, Murray A, et al. Monitoring
athlete training loads: consensus statement. Int J Sports
Physiol Perform 2017; 12: S2161-S2170.

4. Datson N, Hulton A, Andersson H, et al. Applied phy-
siology of female soccer: an update. Sports Med 2014; 44:
1225-1240.

5. Trewin J, Meylan C, Varley MC, et al. The match-to-
match variation of match-running in elite female soccer.
J Sci Med Sport 2018; 21: 196-201.

6. Oliva-Lozano JM, Muyor JM, Fortes V, et al. Decom-
posing the variability of match physical performance in
professional soccer: implications for monitoring individu-
als. Eur J Sport Sci 2021; 21: 1588-1596.

7. Scott D, Haigh J and Lovell R. Physical characteristics
and match performances in women’s international versus

domestic-level football players: a 2-year, league-wide
study. Sci Med Footb 2020; 4: 211-215.

8. Wilson RS, Smith NMA, Melo de Souza N, et al. Drib-
bling speed predicts goal-scoring success in a soccer
training game. Scand J Med Sci Sports 2020; 30: 2070—
2077.

9. Bradley PS, Archer DT, Hogg B, et al. Tier-specific evo-
lution of match performance characteristics in the Eng-
lish premier league: it’s getting tougher at the top. J
Sports Sci 2016; 34: 980-987.

10. Halson SL. Monitoring training load to understand fati-
gue in athletes. Sports Med 2014; 44 Suppl 2: S139-S147.

11. Staunton CA, Abt G, Weaving D, et al. Misuse of the
term ‘load’ in sport and exercise science. J Sci Med Sport
2022; 25: 439-444.

12. Impellizzeri FM, Marcora SM and Coutts AJ. Internal
and external training load: 15 years on. Int J Sports Phy-
siol Perform 2019; 14: 270-273.

13. Baar K. Nutrition and the adaptation to endurance train-
ing. Sports Med 2014; 44: 5-12.

14. Bouchard C, Rankinen T and Timmons JA. Genomics
and genetics in the biology of adaptation to exercise. In:
Comprehensive  Physiology. Wiley, 2011, pp.1603—
1648.[AQ: 5]

15. Chatzinikolaou A, Michaloglou K, Avloniti A, et al. The
trainability of adolescent soccer players to brief period-
ized complex training. Int J Sports Physiol Perform 2018;
13: 645-655.

16. Lesinski M, Prieske O, Helm N, et al. Effects of soccer
training on anthropometry, body composition, and phys-
ical fitness during a soccer season in female elite young
athletes: a prospective cohort study. Front Physiol 2017,
8: 1093.

17. Irving BA, Davis CK, Brock DW, et al. Effect of exercise
training intensity on abdominal visceral fat and body
composition. Med Sci Sports Exerc 2008; 40: 1863—1872.

18. Campa F, Semprini G, Judice PB, et al. Anthropometry,
physical and movement features, and repeated-sprint abil-
ity in soccer players. Int J Sports Med 2019; 40: 100-109.

19. Silva AM, Fields DA, Heymsfield SB, et al. Body com-
position and power changes in elite judo athletes. Int J
Sports Med 2010; 31: 737-741.

20. Collins J, Maughan RJ, Gleeson M, et al. UEFA expert
group statement on nutrition in elite football. Current
evidence to inform practical recommendations and guide
future research. Br J Sports Med 2021; 55: 416-416.

21. Oliveira R, Francisco R, Fernandes R, et al. In-season
body composition effects in professional women soccer
players. Int J Environ Res Public Health 2021; 18: 12023.

22. Faul F, Erdfelder E, Lang A-G, et al. G¥Power 3: a flex-
ible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods
2007; 39: 175-191.

23. Oliveira R, Brito JP, Martins A, et al. In-season internal
and external training load quantification of an elite Eur-
opean soccer team. PLoS One 2019; 14: €0209393.[AQ: 6]

24. Oliveira R, Brito JP, Loureiro N, et al. Will next match
location influence external and internal training load of a
top-class elite professional European soccer team? Int J
Environ Res Public Health 2021; 18: 5229.

25. Silva A, Matias C, Santos D, et al. Increases in intracellu-
lar water explain strength and power improvements over
a season. Int J Sports Med 2014; 35: 1101-1105.


https://orcid.org/0000-0001-9813-2842
https://orcid.org/0000-0001-9813-2842
https://orcid.org/0000-0003-4357-4269
https://orcid.org/0000-0003-4357-4269
https://orcid.org/0000-0001-7951-8977
https://orcid.org/0000-0001-6671-6229
https://orcid.org/0000-0001-6671-6229

Fernandes et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Scott MT, Scott TJ and Kelly VG. The validity and relia-
bility of global positioning systems in team sport: a brief
review. J Strength Cond Res 2016; 30: 1470-1490.
Lohman TG, Roche AF and Martorell R. Anthropo-
metric standardization reference manual. 1st ed. Cham-
paign, IL: Human Kinetics Books, 1988.

Yang EM, Park E, Ahn YH, et al. Measurement of fluid
status using bioimpedance methods in Korean pediatric
patients on hemodialysis. J Korean Med Sci 2017; 32:
1828.

Buckinx F, Reginster JY, Dardenne N, et al. Concor-
dance between muscle mass assessed by bioelectrical
impedance analysis and by dual energy X-ray absorptio-
metry: a cross-sectional study. BMC Musculoskelet Dis-
ord 2015; 16: 1-7.

Martins AD, Oliveira R, Brito JP, et al. Phase angle cut-
off value as a marker of the health status and functional
capacity in breast cancer survivors. Physiol Behav 2021;
235: 113400.

Steward A, Marfell-Jones M, Olds T, et al. International
standards for anthropometric assessment. 3rd ed. New
Zealand: Lower Hutt, 2011.

Ravé G, Granacher U, Boullosa D, et al. How to use glo-
bal positioning systems (GPS) data to monitor training
load in the “Real World” of Elite Soccer. Front Physiol
2020; 11: 944.

Romero-Moraleda B, Nedergaard NJ, Morencos E, et al.
External and internal loads during the competitive season
in professional female soccer players according to their
playing position: differences between training and compe-
tition. Res Sports Med 2021; 29: 449-461.

Hopkins WG, Marshall SW, Batterham AM, et al. Pro-
gressive statistics for studies in sports medicine and exer-
cise science. Med Sci Sports Exerc 2009; 41: 3—13.
Douchet T, Humbertclaude A, Cometti C, et al. Quanti-
fying accelerations and decelerations in elite women soc-
cer players during regular in-season training as an index
of training load. Sports 2021; 9: 109.

Little T and Williams AG. Specificity of acceleration,
maximum speed, and agility in professional soccer play-
ers. J Strength Cond Res 2005; 19: 76-78.

Osgnach C, Poser S, Bernardini R, et al. Energy cost and
metabolic power in Elite Soccer: a new match analysis
approach. Med Sci Sports Exerc 2010; 42: 170-178.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ishida A, Bazyler CD, Sayers AL, et al. Acute effects of
match-play on neuromuscular and subjective recovery
and stress state in division I collegiate female soccer play-
ers. J Strength Cond Res 2021; 35: 976-982.

de Hoyo M, Cohen DD, Sanudo B, et al. Influence of
football match time-motion parameters on recovery time
course of muscle damage and jump ability. J Sports Sci
2016; 34: 1363-1370.

Malone S, Mendes B, Hughes B, et al. Decrements in
neuromuscular performance and increases in creatine
kinase impact training outputs in elite soccer players. J
Strength Cond Res 2018; 32: 1342—1351.

Russell M, Sparkes W, Northeast J, et al. Relationships
between match activities and peak power output and
creatine kinase responses to professional reserve team
soccer match-play. Hum Mov Sci 2016; 45: 96-101.
Akenhead R, French D, Thompson KG, et al. The phy-
siological consequences of acceleration during shuttle
running. Int J Sports Med 2015; 36: 302-307.

Hodgson C, Akenhead R and Thomas K. Time-motion
analysis of acceleration demands of 4v4 small-sided soc-
cer games played on different pitch sizes. Hum Mov Sci
2014; 33: 25-32.

Sarmento H, Clemente FM, Harper LD, et al. Small
sided games in soccer — a systematic review. Int J Perform
Anal Sport 2018; 18: 693-749.

Silva JR, Brito J, Akenhead R, et al. The transition
period in soccer: a window of opportunity. Sports Med
2016; 46: 305-313.

Silvestre R, West C, Maresh CM, et al. Body composi-
tion and physical performance in men’s soccer: a study of
a National Collegiate Athletic Association Division I
Team. J Strength Cond Res 2006; 20: 177-183.

Ribeiro AS, Avelar A, Dos Santos L, et al. Hypertrophy-
type resistance training improves phase angle in young
adult men and women. Int J Sports Med 2017; 38: 35-40.
Francisco R, Matias CN, Santos DA, et al. The predictive
role of raw bioelectrical impedance parameters in water
compartments and fluid distribution assessed by dilution
techniques in athletes. Int J Environ Res Public Health
2020; 17: 1-14.

Nescolarde L, Yanguas J, Lukaski H, et al. Effects of
muscle injury severity on localized bioimpedance mea-
surements. Physiol Meas 2015; 36: 27-42.





